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levads

Integréta augu aizsardziba ir praktisks instruments, kas bitiski lauj
samazinat kimisko augu aizsardzibas lidzeklu lietoSanu, taja pasa laika
saglabajot augstu kultiraugu razibu. Lidz ar to biitiski iesp&jams samazinat
lauksaimniecibas radito slogu videi. Lai arT IAA pirmsakumi ir mekl&jami jau
20. gadsimta sakuma un pirma tas definicija publicéta 1959. gada, prakse ta lidz
§im ir ieviesta sam&ra gausi un smagngji. Latvija, saskana ar Augu aizsardzibas
likumu, TAA ievie$ana saimniecibas ir obligata kops 2014. gada 1. janvara. ST
prasiba attiecas uz profesionaliem augu aizsardzibas Iidzeklu lietotajiem, kuri
izmanto otras registracijas klases augu aizsardzibas lidzeklus vai kuri §is klases
augu aizsardzibas lidzeklu lietoSanai izmanto profesionalu augu aizsardzibas
lidzeklu lietotaju sniegtos pakalpojumus.

Viens no IAA elementiem ir dazadi kultiraugiem kaitigo organismu
dabiskie ienaidnieki, taja skaita skrejvaboles (Carabidae). Sis dzimtas vaboles
apdzivo visas sauszemes ekosist€mas, ekologiski ir saistitas ar augsnes virskartu
un ir saimnieciski nozimigi kaitigo bezmugurkaulnieku un nezalu ierobezotaji
dazadas agrocenozes. Peétijumi Eiropa un citur pasaulé ir apliecinajusi, ka
skrejvaboles — to populaciju dinamiskais blivums, sugu daudzveidiba, sugu
skaits un citi parametri — bitiski reagé uz dazadam vides faktoru izmainam, taja
skaita agrotehniskam aktivitatém agrocenozgs. Lidz ar to var uzskatit, ka
skrejvaboles sp€j indicet dazadus IAA pasakumus, jo p&c biitibas IAA ir dazadu
mérktiecigu agronomisku darbibu komplekss.

Promocijas darba aktualitate. NepiecieSamiba noteikt IAA indikatorus
izriet no vairakiem politiskiem dokumentiem. Starptautiska méroga par to ir
vienojusies OECD, kuras dalibvalsts kops 2016. gada ir ari Latvija. ST
organizacija ir noteikusi divas IAA indikatoru grupas: intensitates indikatorus
(uptake indicators) un ietekmes indikatorus (impact indicators). Ka viens no
IAA intensitates indikatoriem ir mingti biologiskas metodes kaitigo sugu
ierobezoSanai izmanto$anas raditaji. Bet IAA ietekmes indikatori ir dazadi vides
parametri, taja skaita biologiskas daudzveidibas raditaji. Butiskakas ipasibas,
kuras noteiktas potencialajiem indikatoriem, ir vienkarSiba (labi saprotami),
salidzinamiba, zemas izmaksas, piesaistits IAA definicijai, izmantojams visas
valstis u.c. Sobrid IAA indikatori vél nav izstradati, bet galvenais OECD mérkis
ir izstradat ietekmes indikatorus, starp kuriem bitu ieklaujami sauszemes
biologiskas daudzveidibas raditaji. Skrejvaboles ka IAA elementi un biologiskas
daudzveidibas sastavdala var tikt izmantotas gan ka IAA intensitates indikatori,
gan ietekmes indikatori. Turklat tam piemit lielaka dala indikatoriem noteikto
Tpasibu.

Latvija IAA indikatoru izstradi netie$i nosaka LR MK 12.04.2013.
rikojums Nr. 146 ,Par ricibas planu augu aizsardzibas lidzeklu ilgtsp&jigai
izmantoganai 2013.-2015. gadam”. Sis dokuments paredz augu aizsardzibas
lidzeklu lietoSanas riska indikatoru noteikSanu. Ta ka IAA pamata mérkis ir augu
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aizsardzibas Iidzeklu radita riska mazinasana, tad IAA indikatori vartu bt
izmantojami ka zema augu aizsardzibas lidzeklu riska indikatori. Ne Latvija, ne
Eiropa sadi indikatori nav izstradati, tapec MK rikojuma ir ieteikts pagaidam
izmantot biologiskas daudzveidibas indikatorus, kas noteikti LR MK
24.02.2009. noteikumos Nr. 175 ,Noteikumi par nacionalajiem vides
indikatoriem”. No $aja sarakstda mingtajiem indikatoriem augu aizsardzibas
lidzeklu ilgtsp&jigu lietosanu vislabak vargtu atspogulot lauku putnu indekss un
abinieku sugu indekss. Tacu $ie raditaji ir atkarigi ne tikai no augu aizsardzibas
lidzeklu, bet vispargja lauksaimniecibas radita sloga videi. Ta ka skrejvaboles
agrocenoz@s specifiski reag€ uz augu aizsardzibas lidzeklu lietoSanu, to sugu
sabiedribas struktiira, sugu daudzveidiba un citi parametri potenciali var&tu biit
labaks pesticidu ilgtsp&jigas izmantoSanas indikators.

Promocijas darba novitate. Ne Latvija, ne citur Eiropa IAA indikatori
pagaidam nav izstradati. Tap&c §1 petijuma ietvaros pirmo reizi biis noteikti IAA
indikatori kviesu s€jumiem.

Promocijas darba hipotéze. Skrejvaboles var biit izmantojamas par [AA
indikatoriem kvieSu sgjumos.

Promocijas darba meérkis. Noteikt ka un cik batiski uz atSkirigiem
augsnes pamatapstrades panémieniem un at$kirigdm laukaugu mainas shémam
kvieSu s€jumos reage dazadi ar skrejvabolém saistiti parametri: sugu sabiedriba,
dinamiskais blivums, sugu daudzveidiba.

Augsnes apstrade un laukaugu maina ir vieni no svarigakajiem IAA
elementiem laukkopiba, tapéc tiesi Sie agroekologiskie faktori tika izraudziti
pétijumam. KvieSu séjumi ka pétijuma vide tika izveleti tapéc, ka Latvijas
apstaklos Sajas agrocenozes nav nepieciesamiba lietot insekticidus. Lidz ar to
kvieSu s€jumi ir piem&rota vide §im p&tljumam, jo tajos iegiitos datus augu
aizsardzibas lidzek]u lietoSana tiesi neietekme.

Promocijas pétijuma uzdevumi:

1) aprekinat skrejvabolu dominances strukttiras un sugu daudzveidibu,
ka ar1 noteikt sugu populaciju dinamiskos blivumus atskirigi
apsaimniekotajos parauglaukumos;

2) noteikt, cik butiski minétos, ar skrejvabolém saistitos, parametrus
ietekmé atSkirigie augsnes pamatapstrades pan€mieni un ziemas
kviesu priekSaugi;

3) noteikt potencialos IAA indikatorus kviesu s€jumos.

Pieradamas tézes:

1) atskirigi augsnes pamatapstrades pan€mieni un priekSaugi butiski
ietekmé skrejvabolu sugu sabiedribu kvieSu s€jumos;

2) atskirigi augsnes pamatapstrades pan€mieni un priekSaugi butiski
ietekmé skrejvabolu kopg€jo dinamisko blivumu, biezak sastopamo
sugu dinamisko blivumu un sugu ekologisko grupu dinamisko
blivumu kviesu sgjumos;



3) atSkirigi augsnes pamatapstrades pan€mieni un priekSaugi butiski
ietekme skrejvabolu sugu daudzveidibu kviesu s&jumos.

Promocijas pétijums veikts divu projektu ietvaros:

1) Valsts Petijumu programmas projekta ,,Vietgjo lauksaimniecibas
resursu ilgtsp&jiga izmantoSana paaugstinatas uzturvertibas partikas
produktu izstradei (PARTIKA)” 3.1. apak3projekts ,,Augsnes ka
galvena resursa ilgtsp&jiga izmantosana drosu un kvalitativu partikas
un lopbaribas izejvielu ieguvei no plasak audzetajam laukaugu
sugam” (2012.-2013. gads).

2) Valsts P&tljumu programmas “Lauksaimniecibas resursi ilgtspgjigai
kvalitativas un veseligas partikas razoSanai Latvija” projekts
“Augsnes ilgtspgjiga izmantoSana un méslosanas risku mazinasana”
(kops 2014. gada).

Pétijuma rezultatu aprobacija. Par $1 petijuma rezultatiem ir sniegti
septini zinojumi starptautiskas zinatniskas konferences un tris zinojumi Latvijas
méroga zinatniskas konferences. Publicgti Cetri raksti zinatniskos zurnalos, kuri
indekséti Scopus vai Thomson Reuters Web of Science datubazes, divi raksti citos
zinatniskos zurnalos un viens raksts popularzinatniska zurnala, ka art astonas
zinatnisku konferencu tezes.



Petljuma apstakli un metodika

Pétijuma vietas un apstaklu apraksts. Petijums tika veikts 2012.—
2014. gada agronomisko izméginajumu stacionara, kurs atrodas Jelgavas novada
Platones pagasta, LLU Macibu un pétijumu saimnieciba (MPS) “P&terlauki”
netalu no Poku ciemata, 14 kilometrus uz dienvidiem no Jelgavas
(56°30°39.38°°Z; 23°41°30.15°’A). Agronomisko p&tijumu stacionars izveidots
2009. gada plasiem labas lauksaimniecibas prakses pétjjumiem Latvija biezak
izplatitajos laukaugu s€umos. Stacionaru veidoja 24 taisnstlirveida
parauglaukumu rezgis. Katra parauglaukuma izméri bija 30 x 85 m, bet platiba
0.25 ha. Parauglaukumu rezgi ieskava konvencionali apstradata aramzeme, bet
30 m uz dienvidiem atradas Saura (35 x 510 m) meza josla, kuru veidoja aptuveni
60 gadus vecs lapkoku mezs, kas attistijies uz agrak lauksaimnieciba izmantotas
zemes. Tuvakas €kas atradas 120 m uz rietumiem no pé&tfjuma izmantota
parauglaukumu rezga. Parauglaukumi gan savstarp&ji, gan no apkart eso$ajiem
laukiem bija atdaliti ar 2.5 m platam zemes joslam, kuras klgja savvalas lakstaugu
vegetacija. Kop$ stacionara izveidoSanas visas aktivitates, pieméram, augsnes
apstrade, laukaugu s€ja, mineralméslu un pesticidu lietoSana, razas novaksana
utt. veikta atbilstosi konvencionalas lauksaimniecibas prakses principiem,
izmantojot tradicionalu lauksaimniecibas tehniku, ka tas biitu darits jebkura,
komercialos noliukos izmantota, lauka.

P&tfjuma vieta bija virs€ji glejota smilSmala augsne (GLu) ar pH KCl1 6.8
un zemu humusa saturu — 20 g kg™!. Visos parauglaukumos ir izmantoti divi
at8kirigi galvenie augsnes apstrades panémieni. Kop§ rezga izveidoSanas 12
parauglaukumi katru rudeni tika arti, izmantojot verstuvju arklu. ArSanas
dzilums 0.22-0.23 m. Pargjos 12 parauglaukumos augsnes virskarta netika
apveérsta. To augsnes apstrades galvenais pan€miens bija uzlobisana 0.10-0.11
m dziluma, izmantojot disku ec€Sas (turpmak teksta — diskoSana). Pargjas
augsnes apstrades aktivitates parauglaukumos tika veiktas atbilstosi tradicionalai
lauksaimniecibas praksei ka jebkura komerciala lauka.

Pétijums katru gadu tika veikts seSos artos un seSos diskotos
parauglaukumos, kuri bija apséti ar ziemas kviesiem (Skirne ‘Zentos’) 2012. un
2013. gada. Savukart 2014. gada pétijuma izmantotajos 12 parauglaukumos bija
ies€ti vasaras kviesi (Skirne ‘Taifun’), jo ziemas kviesi 2013./2014. gada ziema
izsala. Pargjie stacionara parauglaukumi katru gadu bija aps€ti ar citiem
laukaugiem. Tadgjadi katra pétijuma gada veidojas vairakas divu agroekologisko
faktoru kombinacijas: augsnes pamatapstrades veids un priekSaugs. Vasaras
kviesi, ziemas kvieSi un vasaras rapsis bija ziemas kvieSu priekSaugi ik divos
diskotajos un artajos parauglaukumos 2012. gada. Lidz ar to $aja vegetacijas
sezona veidojas se$as abu faktoru kombinacijas. Cetras abu faktoru kombinacijas
bija 2013. gada, kad Cetros artajos un Cetros diskotajos parauglaukumos ziemas
kvieSu priekSaugs bija vasaras rapsis, bet divos artajos un divos diskotajos
parauglaukumos — ziemas kvieSi. Piecas abu faktoru kombinacijas bija
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izveidojusas 2014. gada, kad vasaras kvieSu parauglaukumos priekSaugi bija
ziemas kvie$i un vasaras un ziemas rapsis. Saja pétijuma 2014. gada rezultati ir
analizgti Cetru kombinaciju ietvaros: divi arti un divi diskoti parauglaukumi ar
ziemas kvieSiem ka priekSaugu, ka ar1 Cetri arti un Cetri diskoti parauglaukumi ar
rapsi ka priekSaugu (1. att.).

P&c razas novakSanas salmi un citas augu atlickas tika atstatas
parauglaukumos ka méslojums, tacu augsnes méslosanai katru gadu tika
izmantoti arl mineralm@sli. Ar kvieSiem aps€tajos, pétjjuma izmantotajos,
parauglaukumos katru gadu tika lietoti Latvija registréti herbicidi, fungicidi un
augsanas regulatori. Insekticidi un citi augu aizsardzibas Iidzekli dzivnieku valsts
nevélamo organismu ierobezoSanai netika izmantoti. Visi augu aizsardzibas
lidzekli tika lietoti nepiecieSamibas gadijumos, kad to noteica nezalu un augu
slimibu monitoringa rezultati.

Sarta panatre (Lamium purpureum), tiruma veronika (Veronica arvensis),
kerainu madara (Galium aparine) un maura sarene (Polygonum aviculare) bija
visbiezak sastopamas nezalu sugas visos pétfjuma parauglaukumos. Tacu
diskotajos parauglaukumos, kuros katru gadu kviesi tika s€ti peéc kvieSiem, ar1
parasta rudzusmilga (Apera spica—venti) bija viena no domingjos$ajam nezalu
sugam. Kopgjais nezalu blivums parauglaukumos tika novertéts divas reizes
katra pétijjuma gada. Pirma uzskaite 2012. un 2013. gada tika veikta maija
pirmaja dekadg, attiecigi 3. maija un 10. maija. Savukart 2014. gada pirma nezalu
uzskaite veikta maija tresaja dekadé — 22. maija. Otra nezalu uzskaite 2012. un
2013. gada veikta julija pirmaja dekadg, attiecigi 9. jilija un 8. julija, bet
2014. gada — julija tresaja dekadge, 24. julija. Katra gada, aptuveni vienu nedglu
pec pirmas nezalu uzskaites, veikta nezalu ierobezosana, izmantojot herbicidu.
Tacu 2014. gada parauglaukumi tika apsmidzinati ar herbicidu (glifosatu
saturosu) arT pirms vasaras kvieSu s€jas. 2012. un 2014. gada nezalu kimiska
ierobezosana bija sekmiga, nezalu blivums parauglaukumos ievérojami
samazinajas. Tacu 2013. gada p&c herbicida lietosanas nezalu blivums atseviskos
parauglaukumos samazinajas minimali, bet lielakaja dala parauglaukumu tas
ievérojami pieauga (1. att.).

Katra pétijuma gada parauglaukumos tika registréta diennakts vidéja
gaisa temperatiira un nokri$nu daudzums, izmantojot Davis Vantage Pro2
meteorologisko staciju, kura atradas 100 m attaluma no pétijumu stacionara.
Meteorologisko faktoru dinamika aplikojama 2. attéla.

Skrejvabolu vaksanas, apstrades un datu analizes metodes.
Skrejvaboles tika vaktas, izmantojot Barbera augsnes lamatas — caurspidigas
plastmasas glazes, kuras lidz aug$malai ieraktas augsné. Lamatu atvéruma
diametrs bija 65 mm, bet tilpums 200 cm?. Katra parauglaukuma tika uzstaditas
10 lamatas pa parauglaukuma diagonali novilkta transekte, attalums starp
lamatam bija tris metri. Skrejvabolu fikséSanai lamatas 11dz pusei bija piepilditas
ar 4-5 % etikskabes $kidumu, kam pievienoti vairaki pilieni detergenta.
Pirmajos divos pétijuma gados lamatu ekspongSana tika uzsakta
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Nr. 1
(Spring wheat)*
Winter wheat**
Winter wheat***
Spring wheat**#*

Nr.2
(Spring wheat)
Winter wheat
Winter wheat
Spring wheat

Nr.3
(Spring wheat)
Winter wheat
Winter rapeseed
Spring wheat

Nr. 4
(Spring wheat)
Winter wheat
Spring rapeseed
Spring wheat

W.D.": 104/35 W.D.: 48/4 W.D.: 97/5 W.D.: 146/66
W.D.2%: 38/137 W.D.: 60/66 W.D.:n/a W.D.:n/a
W.D.%: 44/14 W.D.: 9/0 W.D.: 33/4 W.D.: 183/29
Nr.5 Nr.6 Nr.7 Nr.8

(Spring rapeseed)
Winter wheat
Spring rapeseed
Spring barley

(Spring rapeseed)
Winter wheat
Winter rapeseed
Spring barley

Spring rapeseed
Winter wheat
Winter rapeseed

Spring rapeseed
Winter wheat
Winter rapeseed

W.D.: 177/5 W.D.: 33/2 W.D.:n/a W.D.:n/a
W.D.:n/a W.D.:n/a W.D.: 8/8 W.D.: 33/32
W.D.:n/a W.D.: n/a W.D.:n/a W.D.:n/a
Nr.9 Nr. 10 Nr. 11 Nr. 12

Spring rapeseed Spring rapeseed Winter barley Winter barley

Winter wheat

Winter wheat

Winter rapeseed

Spring rapeseed

Beans Beans Spring wheat Spring wheat
W.D.:n/a W.D.:n/a W.D.:n/a W.D.:n/a
W.D.: 3/19 W.D.: 7/8 W.D.:n/a W.D.:n/a
W.D.:n/a W.D.:n/a W.D.: 40/3 W.D.: 258/11
Nr. 13 Nr. 14 Nr. 15 Nr. 16

(Winter wheat)
Winter wheat
Winter wheat
Spring wheat

(Winter wheat)
Winter wheat
Winter wheat
Spring wheat

(Winter wheat)
Winter wheat
Winter rapeseed
Spring wheat

(Winter wheat)
Winter wheat
Winter rapeseed
Spring wheat

W.D.: 114/4 W.D.: 40/5 W.D.: 85/2 W.D.: 95/13
W.D.: 51/80 W.D.: 22/12 W.D.:n/a W.D.:n/a
W.D.: 63/2 W.D.: 37/8 W.D.: 46/13 W.D.: 292/7
Nr. 17 Nr. 18 Nr. 19 Nr. 20

(Spring rapeseed)
Winter wheat
Winter rapeseed
Spring barley

(Spring rapeseed)
Winter wheat
Winter rapeseed
Spring barley

Spring rapeseed
Winter wheat
Winter rapeseed

Spring rapeseed
Winter wheat
Winter rapeseed

W.D.: 159/6 W.D.: 41/11 W.D.:n/a W.D.:n/a
W.D.:n/a W.D.:n/a W.D.: 15/14 W.D.: 40/39
W.D.:n/a W.D.: n/a W.D.:n/a W.D.:n/a
Nr. 21 Nr. 22 Nr. 23 Nr. 24

Spring rapeseed Spring rapeseed Winter barley Winter barley

Winter wheat
Beans
W.D.:n/a
W.D.: 9/6
W.D.:n/a

Winter wheat
Beans
W.D.:n/a
W.D.: 19/14
W.D.:n/a

Winter rapeseed
Spring wheat
W.D.:n/a
W.D.:n/a
W.D.: 19/0

Winter rapeseed
Spring wheat
W.D.:n/a
W.D.:n/a
W.D.: 142/9

1. att. Pétijjuma izmantoto parauglaukumu shéma 2012.-2014. gada
Augsnes pamatapstrades panémiens: H — diskots, P — arts; *— laukaugs 2011. gada
(noradits parauglaukumiem, kuros 2012. gada auga ziemas kviesi), ** — laukaugs
2012. gada, *** — laukaugs 2013. gada, *** — laukaugs 2014. gada; W.D.! — nezalu
blivums 2012. gada (augi m 3. maija/9. julija), W.D.2 — nezalu blivums 2013. gada
(augi m2 10. maija/8. julija), W.D.? — nezalu blivums 2014. gada (augi m™ 22. maija/24.
jilija); nezalu blivums noradits parauglaukumiem, kuri tika izmantoti p&tijuma.

Fig. 1. Scheme of sample plots used for the research during 2012 — 2014
Main soil treatment: H — harrowed, P — ploughed; * — crop in 2011 (showed only in
sample plots sown with winter wheat in 2012); ** — crop in 2012, *** — crop in 2013,
**%*% _crop in 2014; W.D.! — density of weeds in 2012 (plants m2May 3/July 9), W.D.?
— density of weeds in 2013 (plants m2 May 10/July 8), density of weeds in 2014 (plants
m2 May 22/July 24); density of weeds is showed only for sample plots used for the
study.
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2. att. Meteorologiskie faktori parauglaukumos skrejvabolu pétijumu periodos

2012.-2014. gada
—— gaisa temperatiira 2012. gada; === — gaisa temperatiira 2013. gada; — gaisa
temperatiira 2014. gada; m — nokris$ni 2012. gada; m — nokrisni 2013. gada; m — nokri$ni
2014. gada; o — lietainu dienu skaits.

Fig. 2. Meteorological conditions in sample plots during research periods of ground
beetles in 2012-2014
——— air temperature in 2012 ; == — air temperature in 2013; = — air
temperature in 2014; m — precipitation in 2012; m — precipitation in 2013;
m — precipitation in 2014; o —number of rainy days).

pavasari, kad daba tika novérotas pirmas aktivas skrejvaboles. Tas notika
attiecigi 2012. gada 17. aprili un 2013. gada 23. aprili. TreSaja pétijuma gada
(2014. gada) lamatu ekspon&sana tika uzsakta 22. aprili jeb trTs dienas péc
izsaluSo ziemas kvieSu s€jumu pars€Sanas ar vasaras kvieSiem. Iekritusas vaboles
no lamatam tika iznemtas, un lamatas tika piepilditas ar svaigu etikskabes
Skidumu reizi septinas dienas. Lamatu eksponésana tika pabeigta attiecigi 2012.
gada 31. julija, 2013. gada 30. jalija un 2014. gada 29. jilija. Pirmajos divos
gados tas bija attiecigi divas un Cetras dienas pirms ziemas kviesu noplausanas.
Savukart treSaja gada lamatu eksponésana tika partraukta 25 dienas pirms vasaras
kviesu noplausanas. Tads lémums tika pienemts tapec, ka par $o 25 dienu periodu
nebija iesp&jams ieglt salidzinamus datus no pirmajiem diviem p&tijuma gadiem.
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Lamatas iekrituSo skrejvabolu materials ir aprikots ar atbilstoSam
etiketém un tiek uzglabats 70% etilspirta Skiduma LLU Lauksaimniecibas
fakultates Augsnes un augu zinatnu institiita Jelgava, Strazdu iela 1. Skrejvabolu
sugas tika noteiktas, izmantojot Viduseiropas vabolu noteicgju. Sugu nosaukumi
Saja darba ir lietoti atbilstosi Latvijas vabolu sugu sarakstam.

Skrejvabolu sugu sabiedribas tika analizgtas, aprékinot sugu dominances
struktiiru atbilstosi H.-D. Engelmana ieteiktajai skalai. Saskana ar $o skalu sugas
tiek sadalitas piecas grupas atkariba no to individu Ipatsvara sugu sabiedriba:

1) eidominantas sugas (40.0 — 100.0 %);

2) dominantas sugas (12.5 —39.9 %);

3) subdominantas sugas (4.0 — 12.4 %);

4) recedentas sugas (1.3 — 3.9 %);

5) subrecedentas sugas (<1.3 %).

Tika veikts gan summarais, gan fenologiskais dominances struktiiras aprékins
katrai augsnes pamatapstrades pan€miena un priekSauga kombinacijai katram
pétijuma gadam. Lai parauglaukumos ar attiecigo agroekologisko faktoru
kombinaciju aprekinatu katras sugas gada summaro Ipatsvaru, tika izmantots
konkrétas sugas individu skaits un visu skrejvabolu individu skaits, kas notverti
visas pétijumu sezonas laika visas attiecigajos parauglaukumos eksponétajas
augsnes lamatas. Fenologiskajam aprékinam tika izmantots katras konkr&tas
sugas individu skaits un visu skrejvabolu individu skaits, kas notverti visas katras
faktoru kombinacijas parauglaukumu lamatas katra septinu dienu pétijuma
perioda. Gada summarie aprékini tika veikti, lai analiz&tu abu agroekologisko
faktoru ietekmi uz skrejvabolu sugu sabiedribu, bet fenologiskie aprekini tika
veikti, lai noteiktu kvieSu s€jumos biezak sastopamas sugas vegetacijas sezonas
gaita. Sugam, kuras sasniedza subdominantu vai augstaku stavokli vismaz viena
pétijumu perioda vismaz viena agroekologisko faktoru kombinacija, tika veikta
dinamiska blivuma atkaribas parbaude no abiem agroekologiskajiem faktoriem
un to kombinacijam.

Biezak sastopamo sugu un visu sugu summara dinamiska blivuma
atkariba no abiem agroekologiskajiem faktoriem tika analiz@ta, izmantojot
vienfaktora dispersijas analizi. Ja, veicot So analizi, tika konstatéts, ka
skrejvabolu dinamisko blivumu vai novéroto sugu skaitu statistiski butiski
(p<0.05) ietekmgjis pricksaugs 2012. gada sezona vai abu faktoru kombinacija
jebkura pétijuma sezona, tad tika izmantots Scheffé’s post—hoc tests. Ar to tika
noteikts, kura priekSauga vai kuras faktoru kombinacijas raditajos apstaklos
petitie skrejvabolu parametri ir bijusi butiski atSkirigi. Dispersijas analize un
post-hoc tests, ja bija nepiecieSams, tika veikts katram pétjjuma periodam,
iegustot fenologisku faktoru ietekmes ainu uz skrejvabolu dinamisko blivumu.

Skrejvabolu sugu daudzveidiba tika noteikta, aprekinot Simpsona indeksu
(Ds):

D. = Zni(ni_l) (1)

S N(N-1)
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kur:

n; — i-tas skrejvabolu sugas individu skaits lamatas;

N — visu skrejvabolu individu skaits lamatas.
Jo lielaka sugu daudzveidiba, jo Simpsona indeksa skaitliska vertiba ir mazaka.
Tapec labakas uzskatamibas noliikos $aja petjjuma tika izmantots reciprokalais
Simpsona indekss (1/Ds), kura skaitliska vertiba palielinas, pieaugot sugu
daudzveidibai. Sis raditajs tika noteikts visam 120 pétfjuma izmantotajam
augsnes lamatam katra petjjumu sezona. Indeksa aprékinasanai tika izmantoti
katru lamatu gada summarie dati — katras skrejvabolu sugas gada summarais
individu skaits un visu skrejvabolu gada summarais individu skaits.

Sakariba starp skrejvabolu sugu daudzveidibu un pétitajiem
agroekologiskajiem faktoriem tika noverteta, aprékinot Spirmena rangu
korelacijas koeficientu (rs) ar divvirzienu butiskuma testu. Katrai petijumu
sezonai korelacija tika rékinata septinos dazados variantos 2012. gada sezonai un
seSos dazados variantos peréjam divam sezonam:

1) starp sugu daudzveidibu un augsnes pamatapstrades veidu neatkarigi

no prieksauga;

2) starp sugu daudzveidibu un priekSaugu neatkarigi no augsnes

pamatapstrades veida;

3) starp sugu daudzveidibu un prickSaugu diskota augsng;

4) starp sugu daudzveidibu un prick§augu arta augsng;

5) starp sugu daudzveidibu un augsnes pamatapstrades veidu, ja

priekSaugs rapsis;

6) starp sugu daudzveidibu un augsnes pamatapstrades veidu, ja

priekSaugs ziemas kviesi;

7) starp sugu daudzveidibu un augsnes pamatapstrades veidu, ja

priekSaugs vasaras kviesi (tikai 2012. gada sezonai).
Korelacijas stiprums tika noteikts pec sadas skalas:

|rs] = 0.00-0.19 — loti vaja korelacija;

|rs] = 0.20-0.39 — vaja korelacija;

rs] = 0.40-0.59 — vidgji stipra korelacija;

|rs] = 0.60-0.79 — stipra korelacija;

rs| = 0.80-1.00 — loti stipra korelacija.

Visi statistiskie aprekini tika veikti, izmantojot programmu SPSS 22.0. Ar
vienam lamatam iegltie raditdji (vabolu dinamiskais blivums, reciprokalais
Simpsona indekss) tika izmantoti ka viens atkartojums.
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Rezultati

Skrejvabolu sugu sabiedribas atSkirigi apsaimniekotos kvieSu
séjumos. Visos tris p&tijuma gados, kopa skaitot, parauglaukumos konstateti
113 946 skrejvabolu individi no 75 sugam. Novéroto individu skaits svarstijies
pa petijuma sezonam. Pirmaja sezona lamatas tika notvertas 25 369 skrejvaboles,
otraja sezona — 60 024 skrejvaboles, bet tresaja sezona — 28 563 skrejvaboles.
Dala sugu parauglaukumos bija sastopamas tikai viena vai divos p&tijuma gados.
Lidz ar to 2012. gada novérotas 66 sugas, 2013. gada — 57 sugas un 2014. gada
— 45 sugas.

Gada summaras biezak sastopamo jeb domingjoSo skrejvabolu sugu
sabiedribas visas pétijuma sezonas lielakoties veidoja vienas un tas pasas sugas.
Tacu bija noverojamas So sabiedribu atSkiribas gan starp dazadi
apsaimniekotajiem parauglaukumiem vienas p&tijjuma sezonas ietvaros, gan arl
starp dazadam pétjjuma sezonam. 2012. gada sezona neviena no
parauglaukumiem netika novérotas eidominantas sugas. Divas sugas — Loricera
pilicornis un Bembidion guttula — bija visdomingjosakas sugas visos
parauglaukumos. Neatkarigi no prieckSauga L. pilicornis bija visbiezak sastopama
suga diskotajos parauglaukumos, bet B. guttula — artajos parauglaukumos. V&l
seSas sugas — Bembidion obtusum, Poecilus cupreus, Harpalus rufipes,
Pterostichus melanarius, Pterostichus niger un Amara plebeja — sasniedza
vismaz subdominantu stavokli parauglaukumos ar vismaz vienu augsnes
pamatapstrades panémiena un prickSauga kombinaciju (3. att.).

2013. gada sezona biezak sastopamo skrejvabolu sugu sabiedribas
parauglaukumos veidoja gandriz visas tas paSas sugas, kuras 2012. gada, tacu
dominances struktiira bija butiski atSkiriga. Piecas sugas — H. rufipes, P. niger,
P. melanarius, P. cupreus un B. guttula — sasniedza vismaz subdominantu
ipatsvaru visos parauglaukumos, bet L. pilicornis bija subdominanta visos
parauglaukumos, iznemot tos, kuriem bija arta augsne un ziemas kviesi
priekSaugs (4. att.). H. rufipes ievérojami domingja par citam sugam visos
parauglaukumos, bet visizteiktat tas bija vérojams jau mingtajos parauglaukumos
ar artu augsni un ziemas kvieSiem ka priekSaugu, kur H. rufipes sasniedza
eidominantu stavokli. Salidzinot ar 2012. gada sezonu, Tpatsvars ievérojami bija
pieaudzis arT abam Pterostichus sugam, ka ar7 P. cupreus. Turpreti B. guttula un
L. pilicornis ipatsvars bija ievérojami samazindjies. Abas sugas sp&ja sasniegt
maksimums subdominantu stavokli. Savukart A. plebeja un B. obtusum 2013.
gada sezona neviena parauglaukuma nesasniedza pat subdominantu Itmeni, lai
arT to dinamiskais blivums bija salidzinosi liels.

2014. gada sezona tikai piecas skrejvabolu sugas — P. melanarius, P.
niger, H. rufipes, P. cupreus un B. guttula sasniedza vismaz subdominantu Iimeni
parauglaukumos ar vismaz vienu priekSauga un augsnes pamatapstrades veida
kombinaciju. Dominances struktiira parauglaukumos ar diskotu augsni un
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3. att. Skrejvabolu sugu dominances struktiiras ziemas kvieSu parauglaukumos ar
atskirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2012. gada
A — diskota augsnes, vasaras kvie$i priek$augs; B — arta augsnes, vasaras kviesi
priekSaugs; C — diskota augsnes, ziemas kviesi priekSaugs; D — arta augsnes, ziemas
kviesi priekSaugs; E — diskota augsnes, rapsis prick$augs; F — arta augsnes, rapsis
priekSaugs; Dom. — dominantas sugas, Subdom. — subdominantas sugas, Rec. —
recedentas sugas.

Fig. 3. Dominance structure of ground beetles in differently tilled and pre-cropped
winter wheat sample plots in 2012
A — harrowed soil, spring wheat as pre-crop; B — ploughed soil, spring wheat as pre-
crop; C — harrowed soil, winter wheat as pre-crop; D — ploughed soil, winter wheat as
pre-crop; E — harrowed soil, rapeseed as pre-crop; F — ploughed soil, rapeseed as pre-
crop; Dom. — dominant species; Subdom. — subdominant species, rec. — recedent
species.
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4. att. Skrejvabolu sugu dominances struktiiras ziemas kvieSu parauglaukumos ar
atSkirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2013. gada
A — diskota augsnes, ziemas kviesi priekSaugs; B — arta augsnes, ziemas kviesi
pricksaugs; C — diskota augsnes, rapsis prieckSaugs; D — arta augsnes, rapsis prick$augs;
Eidom. — eidominantas sugas, Dom. — dominantas sugas, Subdom. — subdominantas
sugas, Rec. — recedentas sugas.

Fig. 4. Dominance structure of ground beetles in differently tilled and pre-cropped
winter wheat sample plots in 2013
A —harrowed soil, winter wheat as pre-crop; B — ploughed soil, winter wheat as pre-
crop; C — harrowed soil, rapeseed as pre-crop; D — ploughed soil, rapeseed as pre-
crop; Eidom. — Eudominant species; Dom. — dominant species; Subdom. — subdominant
species, rec. — recedent species.

ziemas kvieSiem ka priekS8augu no dominances struktiram pargjos
parauglaukumos atskiras viskrasak. Sajos parauglaukumos P. melanarius bija
eidominanta suga, H. rufipes — dominanta suga, bet P. niger — subdominanta
suga. Pargjo sugu Ipatsvari Sajos parauglaukumos atbilda recedentam vai
subrecedentam statusam. Pargjos parauglaukumos trTs minétas sugas sasniedza
dominantu stavokli, bet P. cupreus bija subdominanta. Savukart B. guttula
sasniedza subdominantu Itmeni tikai parauglaukumos, kuros priekSaugs bija
rapsis neatkarigi no augsnes pamatapstrades panémiena (5. att.).

Skrejvabolu dinamiskais blivums un Iidz ar to ar1 to individu 1patsvars
sugu sabiedriba var bitiski svarstities starp dazadiem gadiem. To tieSi un
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5. att. Skrejvabolu sugu dominances struktiiras vasaras kvieSu parauglaukumos ar

atskirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2014. gada
A — diskota augsnes, ziemas kviesi priekSaugs; B — arta augsnes, ziemas kviesi
priekSaugs; C — diskota augsnes, rapsis priekSaugs; D — arta augsnes, rapsis priekSaugs;
Eidom. — eidominantas sugas, Dom. — dominantas sugas, Subdom. — subdominantas
sugas, Rec. — recedentas sugas.

Fig. 5. Dominance structure of ground beetles in differently tilled and pre-cropped
spring wheat sample plots in 2014
A —harrowed soil, winter wheat as pre-crop; B — ploughed soil, winter wheat as pre-
crop; C — harrowed soil, rapeseed as pre-crop; D — ploughed soil, rapeseed as pre-
crop; Eidom. — Eudominant species; Dom. — dominant species; Subdom. — subdominant
species, rec. — recedent species.

netieSi ietekmé& meteorologiskie apstakli. 2012. gada sezona, salidzinot ar
pargjam divam, bija vésaka un lietainaka. Ja ir daudz nokris$nu, tad agrocenoze
var bit vairak sastopamas higrofilas skrejvabolu sugas, pieméram, B. guttula.
Nokri$ni arT veicina lielaku kolembolu (Collembola) blivumu augsnes virskarta,
bet kolembolas ir L. pilicornis galvena baribas baze. Gaisa temperatiira var
ietekmét skrejvabolu vairo$anas ciklus. Lielaks P. niger un P. melanarius
populacijas blivums ir novérojams p&c salidzinosi vésakam vasaram.

Vairaku skrejvabolu sugu ipatsvaru ietekm&ja pétitie agroekologiskie
faktori. L. pilicornis ipatsvars pirmajas divas sezonas bija redzami lielaks diskota
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augsné. P. niger ievérojami biezak bija sastopama parauglaukumos, kur tiek
veikta laukaugu maina, savukart P. melanarius ipatsvaram bija tendence bt
lielakam parauglaukumos bez augu mainas. Pirmaja pétijuma sezona B. guttula
deva prieksroku artai augsnei, bet A. plebeja — diskotai augsnei kombinacija ar
priekSaugu vasaras kviesi, bet citos parauglaukumos bija noveroti atseviski $Ts
sugas individi. Lielais A. plebeja ipatsvars veidojas parauglaukumos, kuros arl
péc herbicidu smidzinasanas saglabajas salidzino$i bliva nezalu vegetacija. Ari
2013. gada liels §1s sugas individu daudzums bija novérojams parauglaukumos,
kuru apsaimniekoSanas rezims (diskota augsne, ziemas kviesi priekSaugs)
veicindja ieveérojami blivaku nezalu vegetaciju, tacu citu sugu krasais dinamiska
blivuma picaugums nelava A. plebeja sasniegt vismaz subdominantu Iimeni sugu
sabiedriba.

Var secinat, ka augsnes pamatapstrades panemiens un priekSaugi ietekme
skrejvabolu sugu sabiedribu kvieSu s€jumos. Tapéc tai ir potencials biit par JAA
indikatoru, tacu tam vel ir nepiecieSami papildus petijumi, jo ar citi vides faktori,
pieméram, meteorologiskie apstakli var atstat butisku ietekmi uz domingjoso
sugu Ipatsvaru.

Skrejvabolu dinamiska blivuma atkariba no priekSauga un augsnes
pamatapstrades panémiena fenologiska griezuma. P&tijuma no visa novéroto
skrejvabolu sugu kopskaita tika izdalitas biezak sastopamas sugas, kuru individu
Tpatsvars vismaz viena septinu dienu pétijjuma perioda sasniedza subdominantu
vai augstaku [imeni parauglaukumos ar vismaz vienu augsnes pamatapstrades un
priekSauga kombinaciju. Pavisam tris gadu laika sadiem krit€rijiem atbilda 25
sugas (1. tab.). Desmit skrejvabolu sugu — Notiophilus aestuans, N. germinyi,
Bembidion quadrimaculatum, Acupalpus meridianus, Platynus assimilis,
Poecilus versicolor, Amara familiaris, A. ovata, A. similata un A. apricaria —
dinamiskos  blivumus neietekmga neviens no abiem pétitajiem
agroekologiskajiem faktoriem. No §Tm sugam tikai A. meridianus atbilda biezak
sastopamo sugu krit€rijiem visas tris petijuma sezonas, bet pargjas sugas Siem
kriterijiem atbilda tikai viena sezona.

Divu sugu — B. guttula un P. niger dinamiskais blivums salidzinosi
konsekventi reaggja uz agroekologiskajiem faktoriem visas tris sezonas. Tapéc
§is sugas ir ieteicams izmantot par IAA indikatoriem kvieSu s€jumos. Abam
sugam ir nepiecieSami vid&ji mitri vides apstakli, tapéc to dinamiskais blivums
butiski lielaks ir bijis parauglaukumos, kuru apsaimnickos$anas rezims veicina
blivaku kvie$u vegetaciju.

B. guttula dinamisko blivumu pozitivi ir ietekm&jusi gan augsnes arSana,
gan priekSaugs rapsis. Izneémums bija 2014. gada sezonas sakums, kad vairak §Ts
sugas individu tika novérots diskotajos parauglaukumos, jo tajos p&c vasaras
kvieSu ies€Sanas attistijas butiski blivaka nezalu vegetacija. Tacu tas pasas
sezonas otraja dala lielaks B. guttula dinamiskais blivums atkal bija novérojams
artajos parauglaukumos (6. att.). Lidz ar to B. guttula dinamiskais blivums ir
izmantojams ka IAA pozitivais indikators gan ziemas, gan vasaras kvieSu
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s€jumos. Piemérotakais sezonas periods, kad veikt §Is sugas novérojumus, ir
julijs.

P. niger dinamisko blivumu lielakoties ir ietekm&jis prick3augs. ST suga
ir centusies izvairities no parauglaukumiem, kuros nav veikta augu maina.
Pirmaja pétijjuma sezona noverota arT augsnes arSanas pozitiva ietekme uz P.
niger dinamisko blivumu (7. att.). Tapéc ari §1 suga izmantojama par TAA
pozitivo indikatoru gan ziemas, gan vasaras kvieSu s€jumos. Piemérotakais
sezonas periods, kad veikt P. niger novérojumus, ir jalijs.

1. tabula
BieZak sastopamas skrejvabolu sugas, tas ietekméjusie agroekologiskie faktori un
to izmantojamiba par IAA indikatoriem
Table 1
The most frequent ground beetle species, agro-ecological factors significantly
affecting their frequency and availability to use them as indicators of IPM

Suga / Species Ietekméjusais Izmantojamiba par IAA indikatoru /
faktors(i) Availability as indicator of IPM
2012./2013./2014.
gada /

Affecting factor(s)

in 2012/2013/2014
Nebria brevicollis P/P/— Izmantojama / Available
Notiophilus aestuans —/—/— Nav izmantojama / Not available
Notiophilus germinyi —/—/— Nav izmantojama / Not available
Loricera pilicornis T/T,P/T Nav izmantojama / Not available
Carabus cancellatus —/P/— Iesp&jami izmantojama / Possibly available
Bembidion —~/—/— Nav izmantojama / Not available
guadrimaculatum
Bembidion lampros —/P/— Nav izmantojama / Not available
Bembidion properans T/T/T Iespgjami izmantojama / Possibly available
Bembidion guttula T/T,P/T,P Izmantojama / Available
Bembidion obtusum T/P/— Iespgjami izmantojama / Possibly available
Trechus quadristriatus T,P/T,P/— Iesp&jami izmantojama / Possibly available
Harpalus affinis —/P/P Iespgjami izmantojama / Possibly available
Harpalus rufipes —/P/P Nav izmantojama / Not available
Acupalpus meridianus —/—/— Nav izmantojama / Not available
Platynus assimilis —/—/— Nav izmantojama / Not available
Anchomenus dorsalis —/P/— Iesp&jami izmantojama / Possibly available
Poecilus cupreus T/P/T,P Nav izmantojama / Not available
Poecilus versicolor —/—/— Nav izmantojama / Not available
Pterostichus melanarius P/T,P/T,P lesp&jami izmantojama / Possibly available
Pterostichus niger T,P/P/P Izmantojama / Available
Amara familiaris —/—/— Nav izmantojama / Not available
Amara ovata —/—/— Nav izmantojama / Not available
Amara similata —/—/— Nav izmantojama / Not available
Amara apricaria —/—/— Nav izmantojama / Not available
Amara plebeja T,P/T,P/— Izmantojama / Available

T — augsnes pamatapstrades panémiens, P — priekSaugs.
T — main soil treatment; P — pre-crop.
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6. att. Vidgejais Bembidion guttula dinamiskais blivums kvieSu parauglaukumos ar
atSkirigu augsnes pamatapstrades panémienu 2012. gada un atSkirigu augsnes
pamatapstrades panémienu un dazadiem priekSaugiem 2013. un 2014. gada

- - - — vidgjais dinamiskais blivums; priekSaugi: m — ziemas kviesi, m — rapsis; augsnes
pamatapstrade: m un —¢— — diskosana, = un — ar$ana; * — statistiski biitiska
prieksauga ietekme, "~ — statistiski biitiska augsnes pamatapstrades panémiena ietekme (p
<0.05).

Fig. 6. Mean activity density of Bembidion guttula in wheat sample plots with different
main soil treatment in 2012 and in sample plots with different main soil treatment and
pre-crops in 2013 and 2014

- - - —mean activity density; pre-crops: m — winter wheat, m — rapeseed; main soil
treatment: m and —¢— — harrowing, = and — ploughing; * — statistically
significant effect of pre-crop, * — statistically significant effect of main soil treatment (p
<0.05).
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7. att. Vidgjais Pterostichus niger dinamiskais blivums kvieSu parauglaukumos ar
dazadiem priekSaugiem un atskirigiem augsnes pamatapstrades panémieniem

2012. gada un atSkirigiem priekSaugiem 2013. un 2014. gada

- - - —vidgjais dinamiskais blivums; priekSaugi: m — vasaras kviesi, m un —e— — ziemas
kviesi, m un —m— — rapsis; augsnes pamatapstrade: m — diskoSana,
statistiski biitiska priekSauga ietekme, ~ — statistiski biitiska augsnes pamatapstrades
pan€miena ietekme (p < 0.05).

Fig. 7. Mean activity density of Pterostichus niger in wheat sample plots with different
main soil treatment and pre-crops in 2012 and in sample plots with different pre-crops

in 2013 and 2014

- - - —mean activity density; pre-crops: m — spring wheat, m and —e— — winter wheat, m
and —m— — rapeseed; main soil treatment: m — harrowing,
statistically significant effect of pre-crop, * — statistically significant effect of main soil
treatment (p < 0.05).

— ploughing; * —
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Vel divu sugu — Nebria brevicollis un A. plebeja — dinamiskos blivumus
var izmantot par TAA indikatoriem ziemas kvieSu sjumos. N. brevicollis
dinamiskais blivums pozitivi reagéja uz augu mainu. Pirmajas divas p&tijjuma
sezonas butiski vairak §1s sugas individu tika nov@roti parauglaukumos ar
priekSaugu rapsi (8. att.). TreSaja sezona, kad parauglaukumos bija ieseti vasaras
kviesi, tajos tika noveroti tikai atseviski N. brevicollis individi. Ari citviet Eiropa
veiktos petijumos ir konstatets, ka §1 suga gandriz nemaz neapdzivo vasarajus,
jo, iespgjams, to s€jas laika iet boja N. brevicollis kapuri, kuri ziemo uz lauka.
Lidz ar to N. brevicollis ir izmantojama par pozitivo IAA indikatoru ziemas
kvie$u s€jumos. Piemerotakais audz€$anas sezonas periods, kad veikt sugas
noveérojumus, ir jlinijs.
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8. att. Vidgjais Nebria brevicollis dinamiskais blivums ziemas kvie$u
parauglaukumos ar dazadiem priekSaugiem 2012. un 2013. gada
PriekSaugi: —#— — vasaras kvie$i, —e— — ziemas kvie§i, —m— — rapsis; * —
statistiski butiska priekSauga ietekme, (p < 0.05).

Fig 8. Mean activity density of Nebria brevicollis in winter wheat sample plots with
different pre-crops in 2012 and 2013
Pre-crops: —e— — spring wheat,—e— — winter wheat,—m— — rapeseed; * —
statistically significant effect of pre-crop (p <0.05).
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A. plebeja bitiski reaggja uz abu faktoru kombinaciju. 2012. gada butiski
lielaks tas dinamiskais blivums bija diskotajos parauglaukumos ar vasaras
kviesiem ka priekSaugu, bet 2013. gada — diskotajos parauglaukumos ar ziemas
kviesiem ka priekSaugu (9. att.). Abos pirmajos pétijuma gados §T suga deva
priekSroku parauglaukumiem, kuru apsaimniekoSanas rezims neatbilda IAA
principiem un bija lavis attistities salidzino$i blivai daudzgadigu nezalu
vegetacijai. TreSaja pétijuma gada §is nezales tika iznicinatas, izmantojot
glifosatu saturo$u herbicidu, tapéc ar A. plebeja parauglaukumos bija parstavéta
ar atseviskiem individiem. ST suga ir izmantojama ka IAA negaftivais indikators
ziemas kvieSu s€jumos. Piemérotakais audz€Sanas sezonas periods, kad veikt
noveérojumus, ir julijs.

Vel septinu sugu — Anchomenus dorsalis, Bembidion properans, B.
obtusum, Carabus cancellatus, Harpalus affinis, P. melanarius un Trechus
quadristriatus — dinamiskais blivums butiski reag€ja uz pétitajiem
agroekologiskajiem faktoriem. Tacu atseviskos gadijumos reakcija nebija pilniba
izskaidrojama ar 1idz§ingjam zina$anam par $o sugu ekologiju. Tapéc pagaidam
§ts sugas var uzskatit par potencialiem IAA indikatoriem, par kuriem v&l
nepiecieSami papildus p&tijumi. Gan A. dorsalis, gan C. cancellatus var&tu but
pozitivi augu mainas indikatori, jo to dinamiskais blivums bija bitiski lielaks
parauglaukumos ar rapsi ka priekSaugu. Tacu $ada sakariba tika noverota tikai
otraja pétijuma sezona. Visticamak, ka abas $is sugas bitiski ietekm& vél citi
ekologiskie faktori, par kuriem pagaidam ir maz zinasanu. B. properans vargtu
biit piemérots negativais IAA indikators, nemot vera §is sugas prasibas pret vidi
un vadoties péc pétijuma otras un tre$as sezonas rezultatiem, kad §is sugas
dinamiskais blivums bija bitiski lielaks diskota augsné. Tacu pétijuma pirmaja
sezona §Ts sugas atkariba no augsnes pamatapstrades panémiena nebija tik skaidri
izteikta, un tai bija pretgja tendence — lielaks dinamiskais blivums arta augsné.
Iesp&jams, ka par IAA pozitivo indikatoru ir izmantojama B. obtusum. Pirmajos
divos pétijuma gados tika noskaidrots, ka §1s sugas dinamisko blivumu batiski
var ietekmét gan augsnes pamatapstrades panémiens, gan priek3augi. ST suga
deva prieksroku parauglaukumiem ar artu augsni un/vai priekSaugu rapsi. Tacu
pétijuma tre$aja gada parauglaukumos tika novérots salidzino$i neliels B.
obtusum individu skaits. ST paradiba pagaidam nav izskaidrojama, jo p&tfjuma
parauglaukumi ir pirma Baltijas valstu regiona zinama atradne, kur B. obtusum
ir viena no domingjo$am sugam kviesu agrocenozg. Ari Latvijas kaiminvalstis §T
suga ir reti sastopama, bet par vasaraju sé€sanas ietekmi uz tas dinamisko blivumu
dati nav pieejami. Lidz ar to nav iesp&jams pateikt, vai B. obtusum nelielais
individu blivums vasaras kvieSu cenozg ir saistits ar vasarajiem specifiskiem
agrotehniskajiem apstakliem, vai arT tam ir kads cits iemesls, kas So sugu varétu
ietekmét arT ziemas kvieSu s€jumos. Otras un tre§as pétijjuma sezonas rezultati
paradija, ka H. affinis varétu bit negativais IAA indikators, jo §1 suga
actmredzami deva priekSroku parauglaukumiem, kuros netiek veikta augu
maina. Tacu pirmaja sezona

22



6 .
2012. gads / 2012

w
I

EN
I

(S
I

—_
I

Individi vienas lamatas (7 dienas) /
Individuals per trap (7 days)
W

. .

July 3 July 10 July 17* July 24* July 31*

(=]

18 - 2013. gads / 2013

S oo 9

Individi vienas lamatas (7 dienas) /
Individuals per trap (7 days)

0 . . " r ]
July 2* July 9* July 16* July 23* July 30*

9. att. Vidgéjais Amara plebeja dinamiskais blivums ziemas kvieSu parauglaukumos
ar dazadam priekSaugu un augsnes pamatapstrades panémienu kombinacijam
2012. un 2013. gada
Faktoru kombinacijas: —m— — diskota augsne, vasaras kviesi prickSaugs, —e— — arta
augsne, vasaras kviesi priekSaugs, —m— — diskota augsne, ziemas kviesi prickSaugs, —
e — arta augsne, ziemas kviesi priekSaugs, —m— — diskota augsne, rapsis priekSaugs,
—e— — arta augsne, rapsis priekSaugs; * — statistiski biitiska faktoru kombinacijas

ietekme (p < 0.05).

Fig. 9. Mean activity density of Amara plebeja in winter wheat sample plots with
different combinations of main soil treatment and pre-crop in 2012 and 2013
Combinations of factors: —m— — harrowed soil, spring wheat as pre-crop, —e— —
ploughed soil, spring wheat as pre-crop, —s— — harrowed soil, winter wheat as pre-
crop, —e— — ploughed soil, winter wheat as pre-crop, —m— — harrowed soil, rapeseed
as pre-crop, —e— — ploughed soil, rapeseed as pre-crop; * — statistically significant
effect of combination of factors (p < 0.05).

statistiski butiskas dinamiska blivuma atskiribas starp parauglaukumiem ar
dazadiem priekSaugiem netika konstatétas, lai ari H. affinis dinamiskais blivums
bija pietiekami liels. Iesp&jams, ka So paradibu var izskaidrot ar pirmas sezonas
salidzino$i v€so un lietaino laiku, bet pagaidam tas ir tikai pieneémums. Potenciali
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par IAA negativo indikatoru ir izmantojama arT P. melanarius. Divas pétijuma
sezonas §1 suga deva prieksroku parauglaukumiem bez augu mainas un ar diskotu
augsni. TaCu viena sezona tas dinamiskais blivums bija butiski lielaks
parauglaukumos ar rapsi ka priekSaugu. T. quadristriatus ir potencials pozitivais
IAA indikators. Pirmajas divas sezonas §is sugas dinamiskais blivums bija
batiski lielaks parauglaukumos ar artu augsni un rapsi ka priekSaugu. Tacu
treSaja sezona ST suga parauglaukumos gandriz nemaz nebija sastopama, un Sis
faktors nav izskaidrojams ar lidz§ingjam zinasanam par sugas ekologiju. Lidz ar
to pagaidam nav pilnigas parliecibas par to, ka augsnes pamatapstrades
pan€miens un priekSaugi ir vienigie ekologiskie faktori, kuri varétu butiski
ietekm@t T. quadristriatus kviesu s&jumos.

Cetras skrejvabolu sugas, kuru dinamiskais blivums bitiski reaggja uz
pétitajiem agroekologiskajiem faktoriem, nevar izmantot par IAA indikatoriem.
Tas ir Bembidion lampros, H. rufipes, L. pilicornis un P. cupreus. B. lampros
dinamiskais blivums uz pé&titajiem faktoriem biitiski reag€ja tikai otraja pétijuma
sezona. Tacu tad §1 suga deva priekSroku parauglaukumiem ar rapsi ka
priekSaugu, kas ir pretruna ar lidz§ingjam zinasanam par §is sugas ekologiju. H.
rufipes uz pétitajiem agroekologiskajiem faktoriem vai nu nereaggja, vai ari §i
reakcija bija pretruniga vienas sezonas ietvaros — sezonas sakuma lielaks
dinamiskais blivums bija parauglaukumos ar vienu priekSaugu, turpindjuma — ar
citu prieksaugu, bet beigas — atkal ar pirmo priekSaugu. Lidz ar to var secinat, ka
augsnes pamatapstrades panémiens un augu maina visticamak nav limitgjosie §1s
sugas ietekméjosie faktori kvieSu s&jumos. L. pilicornis dinamiskais blivums
pirmajas divas sezonas bija bitiski lielaks diskota augsng, salidzinot ar artu
augsni, bet tresaja sezona tika noverota pretgja sakariba. Turklat otraja p&tijjuma
sezona §1s sugas dinamisko bltvumu pozitivi ietekmgja rapsis ka priekSaugs. Tas
nozimé, ka vienas sezonas gaita suga pozitivi reag€ uz augsnes pamatapstrades
pan€mienu, kur§ nav uzskatams par labu [AA praksi, un uz augu mainu, kas ir
uzskatama par labu IAA praksi. Lidziga situacija tika noverota ar P. cupreus
dinamisko blivumu, kuru pozitivi ietekmgja rapsis ka priekSaugs un diskota
augsne.

Par IAA indikatoriem nav izmantojams skrejvabolu kopgjais dinamiskais
blivums, jo tas uz augsnes pamatapstrades panémieniem un priekSaugiem reaggja
neviennozimigi. Pirmas sezonas gaita atseviSskos pétijuma periodos tika
konstat&ta priekSauga bitiska ietekme uz skrejvabolu kopgjo dinamisko blivumu,
tacu ne visos Sajos periodos viens un tas pats priekSaugs veicinaja lielako
skrejvabolu aktivitati. Otra sezona bija vieniga, kad visa tas laika rapsis ka
priekSaugs veicingja bitiski lielaku skrejvabolu kop&jo dinamisko blivumu, neka
ziemas kviesi ka priekSaugs. TreSaja sezona biitisku ietekmi radija augsnes
pamatapstrades panémiens, bet priekSaugi summaro dinamisko blivumu
neietekm&a. Nemot vera rezultatus par atsevisku biezak sastopamo sugu
dinamiska blivuma atkaribu no agroekologiskajiem faktoriem, jasecina, ka
summara dinamiska blivuma konsekventa reakcija uz kadu no faktoriem drizak
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ir uzskatama par nejauSibu. Kopgjais dinamiskais blivums uz faktoru reaggs
tapat, ka reagés domingjosas sugas ar nosacijumu, ka domingjo$as sugas uz
faktoriem reage vienadi. ST pasa iemesla d& par IAA indikatoru nav izmantojams
dazadu skrejvabolu ekologisko grupu summarais dinamiskais blivums. Pétjjuma
ietvaros tika analizéta abu agroekologisko faktoru ietekme uz mazajam
skrejvabolem (kermena garums Iidz 5 mm) un vid&jam un lielajam skrejvabolem
(kermena garums virs 5 mm) 2012. gada. Tika konstatets, ka mazo skrejvabolu
kopgjais dinamiskais blivums ir biitiski lielaks artos parauglaukumos, bet vidgjo
un lielo skrejvabolu — diskotajos parauglaukumos. Tacu, kad tika konstatéts, ka
vienas un tas pasas ekologiskas grupas sugas uz augsnes pamatapstrades
panémieniem un priekSaugiem reagé atSkirigi, skrejvabolu ekologisko grupu
kop€ja dinamiska blivuma analiz&$ana netika turpinata.

Kvie§u séjumu augsnes pamatapstrades panémiena un priekSaugu
ietekme wuz skrejvabolu sugu daudzveidibu. Visas pé@tjjuma sezonas
parauglaukumos tika konstat€ta augsnes pamatapstrades panémiena un
prickSaugu ietekme uz skrejvabolu sugu daudzveidibu. Tacu ne vienmér
noverota ietekme bija vienada visos tris gados. 2012. gada vislielaka sugu
daudzveidiba tika nov@rota parauglaukumos ar divam abu faktoru
kombinacijam: arta augsne un rapsis prickSaugs, kas veicina blivaku kviesu
vegetaciju (1), diskota augsne un vasaras kviesi priekSaugs, kas veicinaja vajaku
kvie$u vegetaciju, kuru kompensgja blivaka nezalu vegetacija (2). Abos
gadfjumos parauglaukumu vegetacija skrejvabolém ir veicingjusi lielakus
pasléptuvju un baribas resursus, piesaistot fitofagos bezmugurkaulniekus vai
veicinot nezalu seklu klatbutni. Pargjos parauglaukumos sugu daudzveidiba bija
butiski zemaka. Nav izskaidrojams, kapéc viszemaka sugu daudzveidiba tika
konstatéta diskotajos parauglaukumos ar rapsi ka priekSaugu (10. att.).

2013. gada lielaku skrejvabolu sugu daudzveidibu visos parauglaukumos
veicindja rapsis ka priekSaugs. Tacu statistiski biitiska atSkiriba tika noverota
tikai artajos parauglaukumos. Diskota augsne kombinacija ar ziemas kvieSiem
ka priekSaugu, pateicoties blivajai nezalu vegetacijai, veicinaja lidzvertigu
skrejvabolu sugu daudzveidibu, ka priekSaugs rapsis neatkarigi no augsnes
apstrades. ArT augsnes pamatapstrades panémiens, neatkarigi no priekSaugiem,
butiski ietekmé&ja sugu daudzveidibu. Pétijuma otraja gada diskota augsné tika
konstateta lielaka skrejvabolu daudzveidiba neka arta augsné (11. att.). Tas
skaidrojams ar to, ka 2013. gada nezalu ierobezoSana ar herbicidiem nebija tik
sekmiga ka gadu iepriekS. Visos diskotajos parauglaukumos péc herbicida
smidzinasanas nezalu blivums nesamazinajas, bet vairakos parauglaukumos tas
ieverojami pieauga.
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10. att. Skrejvabolu sugu daudzveidiba ziemas kvieSu parauglaukumos ar
atskirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2012. gada
Prieksaugi: V. k. — vasaras kvie$i, Z.k. — ziemas kviesi, R. — rapsis.

Fig. 10. Diversity of ground beetles in winter wheat sample plots with different main

Skrejvabolu sugu daudzveidiba, 1/Ds /

11. att. Skrejvabolu sugu daudzveidiba ziemas kvieSu parauglaukumeos ar
atSkirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2013. gada
PriekSaugi: Z.k. — ziemas kviesi, R. — rapsis; augsnes pamatapstrades panémieni: D. —

Diversity of ground beetles, 1/Ds
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TreSaja petijuma sezona parauglaukumos tika Istenota intensivaka nezalu
ierobezosana. Pirms vasaras kvieSu sg€jas, izmantojot glifosatu saturosu
preparatu, tika iznicinata daudzgadigo nezalu vegetacija, kura vislabak bija
attistijusies parauglaukumos bez augu mainas un ar diskotu augsni. Arl
audze€Sanas sezonas laika herbicidu smidzinasana bija efektiva. Pec tas nezalu
blivums visos parauglaukumos bija Iidzigi neliels. Ta rezultata vislielaka
skrejvabolu sugu daudzveidiba tika novérota parauglaukumos ar rapsi ka
priekSaugu, bet augsnes pamatapstrades pan€mienam Sajos parauglaukumos
nebija butiskas ietekmes. Parauglaukumos ar ziemas kvieSiem ka priekSaugu
butiski lielaka skrejvabolu daudzveidiba tika konstat€ta, ja augsne bija arta
(12. att.).

Skrejvabolu sugu daudzveidiba varétu but piemerotaks IAA indikators
neka sugu sabiedriba. Petfjums apliecinaja, ka starp parauglaukumiem ar dazadu
apsaimniekoSanas reZimu pastavéja biitiskas skrejvabolu sugu daudzveidibas
atSkirtbas. Tacu pagaidam pastav viens nozimigs kaveklis sugu daudzveidibas
izmantoSanai par indikatoru. Pirmie divi p&tfjuma gadi apliecinaja, ka augstaka
sugu daudzveidiba ir novérojama gan parauglaukumos, kuri tiek apsaimniekoti
atbilstosi labai IAA praksei, gan parauglaukumos, kuru apsaimnickoSana
neatbilst IAA principiem, bet augsto skrejvabolu sugu daudzveidibu tajos
nodrosina ilgstosi pastavéjusi nezalu vegetacija. ST iemesla dél nepieciesami
papildus pétijumi par skrejvabolu sugu daudzveidibu kvieSu sgjumos ar atskirigu
augsnes pamatapstrades panémienu un dazadiem priekSaugiem. Viens no
papildus pétijumu virzieniem varétu biit sugu daudzveidibas analize fenologiska
griezuma. Sadi varétu parbaudit, vai atseviskos vegetacijas sezonas periodos
kvie$u s€jumos, kuri tiek apsaimniekoti atbilstosi IAA principiem, skrejvabolu
sugu daudzveidiba ir biitiski atSkiriga no citiem s€jumiem, kuros laba [AA prakse
netiek Tstenota, bet nezalu ierobezo$anas sekmes tajos neatstdj ietekmi uz
skrejvabolem.
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12. att. Skrejvabolu sugu daudzveidiba vasaras kvieSu parauglaukumos ar
atskirigiem augsnes pamatapstrades panémieniem un priekSaugiem 2014. gada
PriekSaugi: Z.k. — ziemas kviesi, R. — rapsis; augsnes pamatapstrades pané€mieni: D. —
diskoSana, A - arSana.

Fig. 12. Diversity of ground beetles in spring wheat sample plots with different main
soil treatments and pre-crops in 2014
Pre-crops: W.w. — winter wheat, R. — rapeseed; main soil treatments: H. — harrowing,

P. — ploughing.
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Secinajumi

Petitajos kviesu s€jumos skrejvabolu sugu sabiedribu veidoja 75 sugas, no
kuram domingjosakas bija Bembidion guttula, Loricera pilicornis,
Harpalus rufipes, Poecilus cupreus, Pterostichus melanarius un P. niger.
Atskirigi augsnes pamatapstrades pan€mieni un dazadi priekSaugi kviesu
s€¢jumos ietekmgja skrejvabolu sugu sabiedribas. Atkariba no
agroekologisko faktoru izpausmes sugu Ipatsvars vargja butiski mainities,
tacu galvenas domingjosas sugas lielakoties saglabajas vienas un tas pasas
neatkarigi no kviesu s¢jumu apsaimnieko$anas rezima.

Viens vai abi egroekologiskie faktori bitiski ietekmé&ja dinamisko blivumu
piecpadsmit skrejvabolu sugam: Amara plebeja, Anchomenus dorsalis, B.
guttula, B. lampros, B. properans, B. obtusum, Carabus cancellatus,
Harpalus affinis, H. rufipes, L. pilicornis, Nebria brevicollis, P. cupreus,
P. melanarius, P. niger un Trechus quadristriatus. Abu faktoru
kombinacija ietekmg&ja vienas sugas — A. plebeja — dinamisko blivumu.
Augsnes pamatapstrades panémiens un priekSaugi kviesu s€jumos bitiski
ietekmé&ja skrejvabolu sugu daudzveidibu. Lielaku sugu daudzveidibu
veicingja divi kvieSu s€jumu apsaimniekoSanas reZimi: augsnes ar$ana un
prieksaugs rapsis (1), augsnes diskoSana un augu mainas neveikSana (2).
Otra apsaimniekoSanas rezima gadijjuma augsta skrejvabolu sugu
daudzveidiba bija nov€rojama, ja s€umos pietickami sekmigi netika
ierobeZota nezalu vegetacija.

Cetru sugu — B. guttula, P. niger, A. plebeja un N. brevicollis — dinamiskos
bltivumus ir iesp&jams izmantot par IAA indikatoriem kvieSu sgjumos. A.
plebeja un N. brevicollis izmantojamas par indikatoriem tikai ziemas kvie$u
s€jumos, bet pargjas divas sugas izmantojamas gan ziemas, gan vasaras
kvieSu s€jumos.

Potenciali par IAA indikatoriem kvieSu s€umos varétu izmantot
skrejvabolu sugu sabiedribu, skrejvabolu sugu daudzveidibas indeksu un
septinu sugu — A. dorsalis, B. obtusum, B. properans, C. cancellatus, H.
affinis, P. melanarius un T. quadristriatus — dinamiskos blivumus. Sugu
daudzveidibas indekss varétu biit piemerotaks indikators neka sugu
sabiedriba. Tacu par Siem parametriem nepiecieSami papildus petjjumi.
Skrejvabolu summarais dinamiskais blivums, dazadu skrejvabolu sugu
ekologisko grupu summarais dinamiskais blivums, ka arT ¢etru sugu — B.
lampros, H. rufipes, P. cupreus un L. pilicornis — dinamiskie blivumi nav
izmantojami par IAA indikatoriem kvieSu s€jumos.
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Introduction

Integrated Pest Management is a practical tool allowing to significantly
decrease the usage of chemicals, but at the same time maintaining a high crop
productivity. Thus, it is possible to significantly decrease the agricultural load on
environment. Though IPM was started already at the beginning of the 20th
century and its first definition was published in 1959 (Stern, Smith, van den
Bosch et al., 1959), in practice it has been implemented quite slowly and
ponderously. In Latvia, according to the Law on Plant Protection,
implementation of IPM in farms is mandatory since January 1 2014. This
requirement applies to professional users of plant protection products using
protection products of the second registration class or who use services provided
by professional plant protection products’ users.

One of the IPM elements is natural enemies of various organisms harmful
to crops, including ground beetles (Carabidae). Beetles of this family inhabit all
terrestrial ecosystems, are ecologically related to topsoil and are economically
significant suppressor of harmful invertebrates and weeds in different
agrocenoses. Studies in Europe and elsewhere in the world have shown that
ground beetles — activity density of their populations, species diversity, number
of species and other parameters — react significantly to various changes of
environmental factors, including agrotechnical activities in agrocenoses. Thus, it
can be considered that ground beetles are able to indicate different IPM events,
as IPM is a complex of various purposeful agronomic activities.

Topicality of the Doctoral Thesis. The necessity to determine IPM
indicators derives from a number of political documents. OECD, whose member
state since 2016 is also Latvia, has agreed on this on an international level. This
organization has defined two IPM indicator groups: uptake indicators and impact
indicators. Usage ratio of biological methods for the control of harmful species
have been mentioned as one of the IPM intensity indicators. However, IPM
impact indicators are various environmental parameters, including biological
diversity indicators. Essential features determined for potential indicators are
simplicity (understandable), comparability, low costs, related to IPM definition,
applicable to all countries, etc. At present, IPM indicators have not been
developed yet; however, the main target of OECD is to develop impact indicators
that should include terrestrial biological diversity indicators. Ground beetles as
IPM elements and a part of biological diversity can be used as both IPM intensity
indicators and impact indicators. Moreover, they possess most characteristics
determined for the indicators.

In Latvia, the development of IPM indicators is indirectly determined in
the Order No. 146 ‘On the action plan for sustainable use of plant protection
products for the period 2013-2015" issued on 12.04.2013 by the Cabinet of
Ministers of the Republic of Latvia. This document provides determination of
risk indicators for the usage of plant protection products. As the main objective
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of IPM is the decrease of risk caused by plant protection products, IPM indicators
might be used as low risk plant protection products indicators. Such indicators
have not been developed neither in Latvia nor in Europe, therefore it is suggested
in the Order issued by the Cabinet of Ministers to use biological diversity
indicators as determined in Regulations No. 175 ‘Regulations on National
Environmental Indicators’ issued by the Cabinet of Ministers of the Republic of
Latvia on 24.02.2009. From the indicators mentioned in the list sustainable use
of plant protection products is better characterized by rural bird index and
amphibian species index. However, these indicators depend not only on plant
protection products but also on general load on environment created by
agriculture. As ground beetles in agrocenoses react specifically on the usage of
plant protection products, their structure of species assemblage, species diversity
and other parameters might potentially be a better indicator of the sustainable use
of pesticides.

The novelty of the Doctoral Thesis. IPM indicators have not been
developed neither in Latvia, nor elsewhere in Europe. Therefore, for the first time
within the framework of this research IPM indicators will be determined for
wheat sowings.

Hypothesis of the Doctoral Thesis. Ground beetles can be used as IPM
indicators in wheat sowings.

The objective of the Doctoral Thesis. To determine how and how
significantly do various parameters related to ground beetles — species
assemblage, activity density and species diversity — react on different main soil
treatment methods and different crop rotation regimes in wheat sowings.

Soil treatment and crop rotation are among the most important IPM
elements in agriculture, therefore these agro-ecological factors were chosen for
the study. Wheat sowings as research environment were chosen, as there is no
need to use insecticides in these agrocenoses in Latvian conditions. Thus, wheat
sowings are a suitable environment for this study, as the obtained data is not
directly affected by the usage of plant protection products.

Tasks of the Doctoral Thesis:

1) To calculate ground beetle dominance structures and species diversity,
as well as to determine activity densities of species populations in
differently managed sample plots;

2) To determine how significantly are the parameters related to ground
beetles affected by the different main soil treatment methods and
winter wheat pre-crops;

3) To determine the potential IPM indicators in wheat sowings.

Provable Theses:

1) Different main soil treatment methods and pre-crops significantly
influence species assemblage of ground beetles in wheat sowings;

2) Different main soil treatment methods and pre-crops significantly
influence the total ground beetle activity density, the activity density
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of the most commonly occurring species and the activity density of
species ecological groups in wheat sowings;

3) Different main soil treatment techniques and pre-crops significantly
influence ground beetle species diversity in wheat sowings.

Doctoral study was carried out within the framework of two projects:

1) State Research program project ‘Sustainable Use of Local
Agricultural Resources for the Development of High Nutritive Value
Food Products’ sub-project 3.1. ‘Sustainable Use of Soil as the Main
Resource for the Production of Safe and Qualitative Food and Feed
from the Main Agricultural Crops’ (2012-2013).

2) State Research program ‘Agricultural Resources for Sustainable
Production of Qualitative and Healthy Foods in Latvia’ project
‘Sustainable use of soil resources and abatement of fertilisation risks’
(since 2014).

Approbation of research results. The results of this research have been
presented in seven reports in international scientific conferences and in three
reports in Latvian scientific conferences. Four articles have been published in
scientific magazines, indexed in Scopus or Thomson Reuters Web of Science
databases, two articles in other scientific magazines and one article in popular
science magazine, as well as theses of eight scientific conferences.
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Research conditions and methodology

Description of research location and conditions. Research was carried
out during 2012-2014 at stationary of agronomic trials located in Jelgava region
Platone municipality, LLU Research and Study Farm (RSF) ‘P&terlauki’ near
Poki village, 14 km South of Jelgava (56°30°39.38°’N; 23°41°30.15”’E).
Stationary of Agronomic trials was established in 2009 for different researches
of good agricultural practice in the most popular crop sowings in Latvia.
Stationary consisted of 24 rectangular sample plot grid. The size of each sample
plot was 30 x 85 m, but area 0.25 ha. Sample plot grid was enclosed by
conventionally treated arable land, but 30 m to South a narrow (35 x 510 m)
forest zone was located, made up of about 60 years old deciduous wood that
developed on former agricultural land. The nearest buildings were located 120 m
to West from the research sample plot grid. Sample plots were separated from
both each other and from surrounding fields with 2.5 m wide land zones covered
with wild herbaceous plant vegetation. Since the establishment of the stationary
all activities, e.g., soil treatment, field crop sowing, usage of fertilizers and
pesticides, harvesting, etc., was carried out in accordance with the principles of
conventional agricultural practice, using a traditional agricultural techniques as
it would have been done in any commercial field.

The upper layer of the research land was Endogleyic Calcisol (GLu) with
pH KCl1 6.8 and low humus content — 20 g kg'!. Two different main soil treatment
methods are used to all sample plots. Since the establishment of the grid, 12
sample plots were ploughed with mould-board plough every autumn. Depth of
ploughing 0.22—0.23 m. In other 12 sample plots, the topsoil was not overturned.
Their main soil treatment was harrowing at a 0.10-0.11 m depth using disc
harrows (hereinafter — harrowing). Other soil treatment activities of the sample
plots were carried out according to traditional agricultural practice as in any other
commercial field.

In 2012 and 2013, the research was carried out in six ploughed and six
harrowed sample plots sown with winter wheat (variety ‘Zentos’). However, in
2014 spring wheat (variety ‘Taifun”) was sown in the 12 sample plots, as winter
wheat was destroyed by frost during winter 2013/2014. Other sample plots of the
stationary were sown with other field crops each year. Thus, during each research
year, several agroecological two-factor combinations formed: main soil
treatment type and pre-crop. Spring wheat, winter wheat and spring rapeseed
were pre-crops for winter wheat in every two harrowed and ploughed sample
plots in 2012. Thus, six both-factor combinations formed in this vegetation
season. Four both-factor combinations formed in 2013, when spring rapeseed
was a pre-crop for winter wheat in four ploughed and four harrowed sample plots,
but in two ploughed and two harrowed sample plots — it was winter wheat. Five
both-factor combinations formed in 2014, when winter wheat and spring and
winter rapeseed were pre-crops in spring wheat sample plots. In this study, the
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results of 2014 are analysed within the frameworks of four combinations: two
ploughed and two harrowed sample plots with winter wheat as a pre-crop, as well
as four ploughed and four harrowed sample plots with rapeseed as a pre-crop
(Fig.1).

After harvesting, straw and other plant remains were left on sample plots
as fertilizer, however, each year mineral fertilizers were used for soil fertilization.
Each year, herbicides, fungicides and growth regulators registered in Latvia were
used in the study sample plots sown with wheat. Insecticides and other plant
protection products were not used to control undesirable organisms of wildlife.
All plant protection products were used if necessary, when determined by the
results of weed and plant disease monitoring.

Red dead-nettle (Lamium purpureum), wall speedwell (Veronica
arvensis), cleavers (Galium aparine) and knotgrass (Polygonum aviculare) were
the most commonly detected weed species in all sample plots. However, in the
harrowed sample plots, where wheat followed wheat each year, also loose silky-
bent (Apera spica—venti) was among the most dominating weed species. Total
weed density in sample plots was twice assessed during each study year. The first
accounting was carried out during the first decade of May in 2012 and 2013, on
3rd and 10th May, respectively. However, the first weed accounting of 2014 was
carried out during the third decade of May — on May 22. The second weed
accounting was carried out during the first decade of July in 2012 and 2013, on
8th and 9th July, respectively, but in 2014 — during the 3rd decade of July, on
July 24. Each year, approximately one week after the first weed accounting, weed
control using herbicides was carried out. However, in 2014, sample plots were
sprayed with herbicide (glyphosate-containing) also before spring wheat sowing.
Weed chemical control was successful in 2012 and 2014, weed density decreased
significantly in sample plots. However, in 2013, after the use of herbicide weed
density decreased minimally in some sample plots, but increased significantly in
most sample plots (Fig. 1).

During each study year, the average daily temperature and the amount of
precipitation was registered in sample plots, using the Davis Vantage Pro2
meteorological station located 100 m from the study stationary. The dynamics of
meteorological factors is shown in Fig. 2.

Methods of ground beetle collection, processing and data analysis.
Ground beetles were collected using the Barber pitfall trap — transparent plastic
glasses dug into soil up to the upper edge. The trap-opening diameter was 65
mm, but the capacity was 200 cm?3. Ten traps in a diagonally drawn transect were
installed in every sample plot; distance between the traps was 3 m. Traps were
half-filled with 4-5% acetic acid solution to which several drops of detergent
were added for ground beetle fixing. During the first two study years, trap
exhibition was started in spring, when the first active ground beetles were
observed. It happened on April 17 2012 and on April 23 2013, respectively.
During the third research year (2014) trap exhibition was started on April 22 or
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three days after the destroyed by frost winter wheat oversowing with spring
wheat. The trapped beetles were removed and traps were filled with fresh acetic
acid every seven days. Trap exhibition was finished on July 31 2012, July 30
2013 and on July 29 2014, respectively. During the first two research years, it
was two and four days, respectively, before winter wheat cutting. Whereas,
during the third year trap exhibition was finished 25 day before spring wheat
cutting. Such decision was made, as it was not possible to obtain data for this 25-
day period from the first two research years.

The material of trapped ground beetles is appropriately labelled and stored
in 70% solution of ethyl alcohol at the LLU Faculty of Agronomy Institute of
Soil and Plant Sciences in Jelgava, Strazdu Street 1. Ground beetle species were
determined using Central European beetle species identification key. Species
names in this Doctoral Thesis have been used according to the check-list of
Latvian beetles.

Ground beetle species assemblages were analysed by calculating species
dominance structure according to the scale suggested by H.-D. Engelmann.
According to this scale, species are divided into five groups depending on their
proportion of individuals in species assemblage: eudominant species (40.0 —
100.0 %), dominant species (12.5 — 39.9 %), subdominant species (4.0 — 12.4
%), recedent species (1.3 — 3.9 %) and subrecedent species (<1.3 %). Both the
summary and phenological calculation of dominance structure were carried out
for each main soil treatment technique and pre-crop combination for each
research year. In order to calculate the annual summary proportion of each
species in sample plots with the corresponding agroecological factor
combination, the number of individuals of a specific species and the number of
all ground beetle individuals, who were trapped during the whole research season
in all soil traps exhibited in corresponding sample plots, was used. For the
phenological calculation, the number of individuals of each species and the
number of all ground beetle individuals, who were trapped in all each factor
combinations’ sample plot traps during each seven-day research period, was
used. Annual total estimates were made to analyse the effect of both
agroecological factors on ground beetle species assemblages; however, the
phenological calculations were made to determine the most commonly found
species in wheat sowings during the vegetation season. Verification of activity
density dependence on both agroecological factors and their combinations was
performed on species that reached subdominant or higher status during at least
one research period in at least one agroecological factor combination.

The total activity density dependence on both agroecological factors of
the most common and all species was analysed using analysis of variance
(ANOVA). If, while analysing, it was determined that the pre-crop statistically
significantly (p<0.05) affected the ground beetle activity density or the number
of observed species during the season of 2012, or the both-factor combination
during any research season, Scheffé’s post-hoc test was used. The test
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determined, under which conditions created by pre-crop or factor combination
the studied ground beetle parameters were significantly different. ANOVA and
post-hoc test, if necessary, was performed for each research period, obtaining a
picture of phenological factor effect on ground beetle activity density.

Ground beetle species diversity was determined by calculating the
Simpson’s index (Ds):

D. = Zni(ni_l) (1)

S N(N-1)
where:  n; — the number of indexed ground beetle species individuals in traps;
N — the number of all ground beetle individuals in traps.
The bigger the species diversity, the smaller the numeric value of Simpson’s
index. Therefore, for a better transparency, the reciprocal Simpson’s index
(1/Ds), whose numeric value increases with increasing species diversity, was
used in this study. The index was determined for all 120 traps used in every
research season. Annual summary data of each trap was used for the index
calculation — annual summary number of each ground beetle species individuals
and annual summary number of all ground beetle individuals. Coherence
between ground beetle species diversity and researched agroecological factors
was evaluated by calculating Spearman’s rank correlation coefficient (rs) with a
two-tailed significance test. For each research season, correlation was calculated
in seven different versions for the season of 2012 and in six different versions
for the other two seasons:
1) between species diversity and main soil treatment method, regardless
the pre-crop;
2) between species diversity and pre-crop, regardless the main soil
treatment method;
3) between species diversity and pre-crop in harrowed soil;
4) between species diversity and pre-crop in ploughed soil;
5) between species diversity and main soil treatment method, if pre-crop
is rape;
6) between species diversity and main soil treatment method, if pre-crop
is winter wheat;
7) between species diversity and main soil treatment method, if pre-crop
is spring wheat (only for the 2012 season).
The correlation strength was determined on such scale:
Irs] = 0.00-0.19 — very weak correlation;
[rs] = 0.20-0.39 — weak correlation;
[rs] = 0.40-0.59 — moderate correlation;
[rs] = 0.60-0.79 — strong correlation;
[rs] = 0.80-1.00 — very strong correlation.
All statistic calculations were performed using SPSS 22.0. Indices
(beetles’ activity density, reciprocal Simpson index) obtained with one trap were
used as one replication.
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Results

Ground beetle species assemblages in differently managed wheat
sowings. During all three research years, cumulatively, 113 946 ground beetle
individuals from 75 species were observed in sample plots. The number of
observed individuals varies over the research seasons. During the first season,
25 369 ground beetles were caught in traps, during the second season — 60 024
ground beetles, and during the third season — 28 563 ground beetles. Part of the
species in sample plots were observed only during one or two research years.
Thus, in 2012, 66 species were observed, in 2013 — 57 species and in 2014 — 45
species.

Annual summary the most common or dominant ground beetle species
assemblage formed mostly the same species during all research seasons.
However, differences in these assemblages were observed between both
variously managed sample plots within one research season and between various
research seasons. During the season of 2012, eudominant species were not
observed in any sample plot. Two species — Loricera pilicornis and Bembidion
guttula — were the most dominant in all sample plots. Regardless of pre-crop, L.
pilicornis was the most commonly observed species in harrowed sample plots,
but B. guttula — in ploughed sample plots. Another six species — Bembidion
obtusum, Poecilus cupreus, Harpalus rufipes, Pterostichus melanarius,
Pterostichus niger and Amara plebeja — reached at least a subdominant state in
sample plots with at least one main soil treatment method and pre-crop
combination (Fig. 3).

In 2013, the most common ground beetle species assemblages in sample
plots were formed by almost the same species as in 2012; however, the
dominance structure was significantly different. Five species — H. rufipes, P.
niger, P. melanarius, P. cupreus and B. guttula — reached at least subdominant
status in the sample plots, but L. pilicornis was subdominant in all sample plots,
except those with ploughed soil and winter wheat as pre-crop (Fig. 4). H. rufipes
dominated significantly over other species in all sample plots, but it was most
evident in the already mentioned sample plots with ploughed soil and winter
wheat as pre-crop, where H. rufipes reached an eudominant state. Compared to
the season of 2012, the proportion has increased significantly also for both
Pterostichus species, as well as for P. cupreus. Whereas, the proportion of B.
guttula and L. pilicornis had significantly decreased. Both species were able to
reach the maximum subdominant state. However, A. plebeja and B. obtusum did
not reach even a subdominant state in 2013 in any sample plot, though its activity
density was comparatively high.

During the season of 2014, only five ground beetle species — P.
melanarius, P. niger, H. rufipes, P. cupreus un B. guttula reached at least
subdominant state in sample plots with at least one combination of pre-crop and
main soil treatment method. The dominance structure in sample plots with
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harrowed soil and winter wheat as pre-crop differed the most from other
dominance structures in other sample plots. P. melanarius was an eudominant
species in these sample plots, H. rufipes — a dominant species, but P. niger — a
subdominant species. The proportions of other species in these sample plots
corresponded to recedent or subrecedent status. The mentioned three species
reached a dominant status in other sample plots, but P. cupreus was subdominant.
However, B. guttula reached subdominant level only in sample plots with
rapeseed as pre-crop, regardless the main soil treatment methods (Fig. 5).

Ground beetle activity density and their proportion of individuals in
species assemblage can vary significantly between different years. It is
influenced directly and indirectly by meteorological conditions. The season of
2012, if compared to the other two, was colder and rainier. If there is a large
amount of precipitation, more specimens of hygrophilic ground beetles can be
found in agrocenoses, e.g., B. guttula. Precipitation also contributes to a higher
density of springtails (Collembola) at top soil, yet springtails are the main feed
for L. pilicornis. Air temperature can affect the reproduction cycles of ground
beetles. The highest P. niger and P. melanarius population density is observed
after comparatively cooler summers.

The proportion of several ground beetle species was affected by
researched acroecological factors. The proportion of L. pilicornis during the first
two seasons was remarkably higher in harrowed soil. P. niger was more
commonly found in sample plots with crop rotation, but the proportion of P.
melanarius had the tendency to be higher in sample plots without crop rotation.
During the first research season, B. guttula preferred ploughed soil, but A. plebeja
— harrowed soil in combination with spring wheat as a pre-crop; however, in
other sample plots only some individuals of this species were observed. High
proportion of A. plebeja formed in sample plots, where rather dense weed
vegetation remained even after spraying with herbicides. Also in 2013, a large
number of these individuals were observed in sample plots whose management
regime (harrowed soil, winter wheat as a pre-crop) contributed to a significantly
denser weed vegetation, however, the sharp increase of activity density of other
species did not allow A. plebeja to attain at least a subdominant level in species
assemblage.

It can be concluded that the main soil treatment method and pre-crop
affect ground beetle species assemblage in wheat sowings. Therefore, it has the
potential to be an IPM indicator; however, an additional study is needed, as other
environmental factors, e.g., meteorological conditions, can have a significant
impact on the proportion of the dominant species.

Ground beetle activity density dependence on pre-crop and main soil
treatment method from phenological point of view. The most occurring
ground beetle species, whose proportion of individuals reached a subdominant
or higher level in at least one seven-day period in sample plots with at least one
combination of main soil treatment method and pre-crop, were separated from
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the total amount of observed species in the research. During the three research
years, total of 25 species correspond to such criteria (Table 1). Activity densities
of 10 ground beetle species — Notiophilus aestuans, N. germinyi, Bembidion
quadrimaculatum, Acupalpus meridianus, Platynus assimilis, Poecilus
versicolor, Amara familiaris, A. ovata, A. similata and A. apricaria — were not
affected by any of both studied agroecological factors. From these species, only
A. meridianus corresponded with the most commonly observed species criteria
during all three research seasons, other species, however, corresponded with the
criteria only during one season.

The activity density of two species — B. guttula and P. niger reacted
comparatively consistently to agroecological factors during all three seasons.
Therefore, it is recommended to use these species as IPM indicators in wheat
sowings. Both species need moderately moist environmental conditions,
therefore, their activity density is significantly higher in sample plots whose
management regime contributes to a denser wheat vegetation.

The activity density of B. guttula is positively affected by both ploughing
and rapeseed as a pre-crop. Exception is the beginning of season 2014, when
many individuals of this species were observed in harrowed sample plots, as the
weed vegetation developed denser after sowing of spring wheat. However,
during the second part of the same season, higher activity density of B. guttula
was observed in the ploughed sample plots (Fig. 6). Thus, the activity density of
B. guttula can be used as a positive IPM indicator in both sowings of winter and
spring wheat. The most suitable period for observation of this species is July.

The activity density of P. niger was mainly affected by the pre-crop. This
species has tried to avoid sample plots without crop rotation. During the first
research season, positive effect of soil ploughing on the activity density of P.
niger was also observed (Fig. 7). Therefore, this species can also be used as a
positive IPM indicator in both sowings of winter and spring wheat. The most
suitable period for P. niger observation is July.

The activity densities of other two species — Nebria brevicollis and A.
plebeja — can be used as IPM indicators in winter wheat sowings. The activity
density of N. brevicollis reacted positively to crop rotation. During the first two
research seasons, significantly more individuals of this species were observed in
sample plots with rapeseed as a pre-crop (Fig. 8). During the third season, when
spring wheat was sown in sample plots, only some individuals of N. brevicollis
were observed. Studies elsewhere in Europe show that this species almost never
inhabits sowings of spring cereals, as the larvae of N. brevicollis, who overwinter
on field, most probably perish during the sowing of spring crop. Thus, N.
brevicollis can be used as a positive IPM indicator in winter wheat sowings. The
most suitable period for species observation is June.

A. plebeja reacted significantly to both factor combination. In 2012, its
activity density was significantly higher in harrowed sample plots with spring
wheat as a pre-crop, but in 2013 — in harrowed sample plots with winter wheat
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as a pre-crop (Fig. 9). During both first research years, this species preferred
sample plots whose management regime did not correspond to IPM principles
and had allowed the development of rather dense perennial weed vegetation.
During the third research year, these weeds were destroyed using a glyphosate
containing herbicide, therefore, also A. plebeja was represented by separate
individuals in sample plots. This species can be used as a negative IPM indicator
in winter wheat sowings. The most suitable period for observations is July.

The activity density of other seven species — Anchomenus dorsalis,
Bembidion properans, B. obtusum, Carabus cancellatus, Harpalus affinis, P.
melanarius and Trechus quadristriatus — reacted significantly to studied
agroecological factors. However, reaction could not be fully explained with
current knowledge about ecology of these species. Therefore, for now these
species can be considered potential IPM indicators that need additional research.
Both A. dorsalis and C. cancellatus might be positive crop rotation indicators, as
their activity density was significantly higher in sample plots with rapeseed as
pre-crop. However, such coherence was observed only during the second
research season. Most likely other ecological factors that are less known affect
both these species. B. properans might be suitable as a negative IPM indicator,
taking into account the environmental requirements of these species and
following the results of second and third season, when the activity density of this
species was significantly higher in harrowed soil. However, during the first
season of the research, the dependence of this species on main soil treatment
method was not clearly expressed and had an opposite tendency — higher activity
density in ploughed soil. It is possible that B. obtusum can be used as a positive
IPM indicator. During the first two research years, it was found that the activity
density of this species can be significantly affected by both main soil treatment
method and pre-crops. This species preferred sample plots with ploughed soil
and/or rapeseed as a pre-crop. However, during the third year of the research,
rather small number of B. obtusum individuals was observed in sample plots.
This phenomenon cannot be explained yet, as the research sample plots are the
first known locality in the Baltic region, where B. obtusum is one of the
dominating species in wheat agrocenosis. This species is rare also in
neighbouring countries of Latvia, but there is no data on the effect of spring crop
sowing on its activity density. Thus, it is impossible to say, whether the low
density of B. obtusum in spring wheat cenosis is related to specific agrotechnical
conditions of spring crops, or there is another reason that might affect this species
also in winter wheat sowings. The results of the second and third season showed
that H. affinis might be a negative IPM indicator as this species preferred sample
plots without crop rotation. However, during the first season, statistically
significant differences in activity density between sample plots with different
pre-crops were not found, though, the activity density of H. affinis was
sufficiently high. It is possible that this phenomenon can be explained with the
comparatively cold and rainy conditions of the first season, however, for the time
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being it is only an assumption. P. melanarius can also be used as a negative IPM
indicator. In two research seasons, this species preferred sample plots without
crop rotation and with harrowed soil. However, in one season, its activity density
was significantly higher in sample plots with rapeseed as a pre-crop. T.
quadristriatus is a potentially positive IPM indicator. During the first two
research seasons, the activity density of this species was significantly higher in
sample plots with ploughed soil and rapeseed as a pre-crop. However, during the
third season, this species was almost not observed in sample plots, and this factor
cannot be explained with current knowledge on species ecology. Thus, for the
time being it is uncertain whether main soil treatment method and pre-crops are
the only ecological factors that might significantly affect T. quadristriatus in
wheat sowings.

The four ground beetle species, whose activity density reacted
significantly to the researched agroecological factors, cannot be used as IPM
indicators. The species are: Bembidion lampros, H. rufipes, L. pilicornis and P.
cupreus. The activity density of B. lampros reacted significantly to the
researched factors only during the second season. However, then this species
preferred sample plots with rapeseed as a pre-crop, which is contrary to the
present knowledge about the ecology of this species. H. rufipes either did not
react to the researched agroecological factors, or the reaction was contradictory
in the context of one season — at the beginning of season, the activity density was
higher in sample plots with one pre-crop, in the sequel — with another pre-crop,
but in the end — again with the first pre-crop. Thus, it can be concluded that main
soil treatment and crop rotation is unlikely a limiting factors affecting this species
in wheat sowings. The activity density of L. pilicornis during first two seasons
was significantly higher in harrowed soil, if compared to ploughed soil, but
during the third season, opposite coherence was observed. Moreover, during the
second season the activity density of this species was positively affected by
rapeseed as pre-crop. It means that during one season the species reacts positively
to main soil treatment method, which is not considered a good IMP practice, and
to crop rotation, which is considered a good IPM practice. A similar situation
was observed with the activity density of P. cupreus, which was positively
affected by rapeseed as a pre-crop and harrowed soil.

Total ground beetle activity density cannot be used as IPM indicator, as it
reacted ambiguously to main soil treatment methods and pre-crops. During the
first season, significant effect of pre-crop to the total ground beetle activity
density was observed in separate periods, however, not during all these periods
the same pre-crop contributed to greater activity of ground beetles. The second
season was the only one, when rapeseed, and not winter wheat, as a pre-crop
contributed to a significantly higher total activity density of ground beetles
throughout the whole season. During the third season, main soil treatment
method created a significant effect, but pre-crops did not affect the total activity
density. Taking into account the results of the dependence of some most
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commonly found species activity density on agroecological factors, it should be
concluded that the consistent reaction of total activity density to any of the factors
is rather accidental. Total activity density will have the same reaction to a factor
as the dominant species would react, with the precondition that the dominant
species react equally to the factors. Due to this also the total activity density of
different ground beetle species ecological groups cannot be used as IPM
indicator. The effect of both agroecological factors on small ground beetles (body
length 5 mm) and medium and large ground beetles (body length >5 mm) was
analysed within the research in 2012. It was found that the total activity density
of small ground beetles is significantly higher in ploughed sample plots, but that
of medium and large ground beetles — in harrowed sample plots. However, when
it was found that the species of the same ecological group reacted differently on
the main soil treatment methods and pre-crops, the analysis of total activity
density of ground beetle ecological groups was not continued.

The influence of the main soil treatment method and pre-crop in
wheat sowings on ground beetle species diversity. During all research seasons,
the influence of main soil treatment method and pre-crop on ground beetle
species diversity in sample plots was observed. However, the observed effect
was not always the same during all three years. In 2012, the highest species
diversity was observed in sample plots with two both factor combinations:
ploughed soil and rapeseed as a pre-crop contributing to a denser wheat
vegetation (1), harrowed soil and spring wheat as a pre-crop contributing to a
weaker wheat vegetation compensated by a denser weed vegetation (2). In both
cases, the sample plot vegetation has contributed to increased resources of
shelters and food for ground beetles by attracting phytophagous invertebrates or
promoting the presence of weed seeds. Species diversity was significantly lower
in other sample plots. The lowest species diversity in harrowed sample plots and
rapeseed as a pre-crop cannot be explained (Fig. 10).

In 2013, rapeseed as pre-crop contributed to a higher species diversity in
all sample plots. However, a statistically significant difference was observed only
in ploughed sample plots. Harrowed soil in combination with winter wheat as a
pre-crop contributed to an equal ground beetle species diversity due to dense
weed vegetation, as did rapeseed as pre-crop, regardless of main soil treatment.
The main soil treatment method, regardless of pre-crops, also significantly
affected species diversity. During the second year of the research, higher species
diversity was found in harrowed soil than in ploughed soil (Fig. 11). This can be
explained with a less successful weed control using herbicides in 2013 than in a
previous year. Weed density did not decrease in all harrowed sample plots after
spraying with herbicides; however, in several harrowed sample plots it increased
significantly.

During the third research season, a more intense weed control was
performed in sample plots. Perennial weed vegetation, which was better
developed in sample plots without crop rotation and harrowed soil, was destroyed
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before sowing of spring wheat using glyphosate-containing preparation.
Herbicide spraying was also effective during growing season. Weed density was
similarly low in all sample plots after it. As a result, the highest species diversity
was observed in sample plots with rapeseed as a pre-crop, but main soil treatment
method had no significant effect in these sample plots. Significantly higher
species diversity in sample plots with winter wheat as a pre-crop was observed
if soil was ploughed (Fig. 12).

Ground beetle species diversity might be a more suitable IPM indicator
than species assemblage. The study showed that significant differences of ground
beetle species diversity existed between sample plots with various management
regimes. However, one significant obstacle for the use of species diversity as an
indicator exists yet. The first two research years showed that the higher species
diversity is observed in both sample plots that are managed according to the good
IPM practice and in sample plots whose management does not correspond to a
good IPM practice principles; yet, the high ground beetle species diversity was
secured with a long-lasting weed vegetation in them. Due to this reason,
additional research on ground beetle species diversity in wheat sowings with
diverse main soil treatment method and different pre-crops is needed. One of the
addition research directions might be analysis of species diversity from
phenological aspect. Thus it might be possible to verify, whether the ground
beetle species diversity significantly differs during separate vegetation season
periods among wheat sowings that are managed according to a good IPM practice
and other sowings, where good IPM practice is not implemented, and weed
control does not leave an effect on ground beetles.
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Conclusions

Ground beetle species assemblage in researched wheat sowings was formed
by 75 species, of which the most dominant were Bembidion guttula,
Loricera pilicornis, Harpalus rufipes, Poecilus cupreus, Pterostichus
melanarius and P. niger.

Ground beetle species assemblages were affected by diverse main soil
treatment methods and different pre-crops in wheat sowings. Species
proportion might change significantly depending on the manifestation of
agroecological factors, however, the main dominant species mostly
remained the same regardless of wheat sowing management regime.

One or both agroecological factors significantly influenced activity density
of fifteen ground beetles species: Amara plebeja, Anchomenus dorsalis, B.
guttula, B. lampros, B. properans, B. obtusum, Carabus cancellatus,
Harpalus affinis, H. rufipes, L. pilicornis, Nebria brevicollis, P. cupreus,
P. melanarius, P. niger and Trechus quadristriatus. Both factor
combination influenced the activity density of one species — A. plebeja.
The main soil treatment method and pre-crops significantly influenced
ground beetle species diversity in wheat sowings. Two wheat sowing
management regimes contributed to a higher species diversity: ploughed
soil and rapeseed as a pre-crop (1), harrowed soil and no crop rotation (2).
In the case of second management regime, high species diversity was
observed if weed control was insufficiently successful in wheat sowings.
The activity density of four species — B. guttula, P. niger, A. plebeja and N.
brevicollis — can be used as IPM indicators in wheat sowings. A. plebeja
and N. brevicollis can be used as indicators only in winter wheat sowings,
but other two species can be used in both winter and spring wheat sowings.
Potentially, ground beetle species assemblage, ground beetle species
diversity index and the activity density of seven species — A. dorsalis, B.
obtusum, B. properans, C. cancellatus, H. affinis, P. melanarius and T.
quadristriatus, might be used as IPM indicators in wheat sowings. Species
diversity index might be a more suitable indicator than species assemblage.
However, additional research on these parameters is needed.

The total activity density of ground beetle species, the total activity density
of various ground beetle species ecological groups, as well as the activity
densities of four species — B. lampros, H. rufipes, P. cupreus and L.
pilicornis — cannot be used as IPM indicators in wheat sowings
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