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OCCURRENCE OF GROUND BEETLE ASSEMBLAGES (COLEOPTERA : CARABIDAE)
IN ORGANIC NORFOLK CROP ROTATION

Summary

The aim of the study was to perform a quantitatwe qualitative analysis of epigeic beetles assagéd of family
Carabidae recorded in different crops within Nokadrop rotation managed organically. Collecting athropods was
made using soil traps in 2014-2016, at the Expenit@eResearch Station Swojec of the Wroctaw Unityersf Environ-
mental and Life Sciences and at the organic farcatied in Kamieniec Wroctawski. In both sites thedst number and the
lowest species diversity of ground beetles wasrebdéan potato crop. In remaining crops beetlesevarlatively abundant
and numerous species were identified. On the lmddise results it may be assumed that organic meamet within Nor-
folk crop rotation creates favorable conditions tbe development of studied organisms, and as aegpence increases
their number, thus contributing to the increasdiological diversity of agroecosystems.
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WYSTEPOWANIE ZGRUPOWA N BIEGACZOWATYCH (COLEOPTERA: CARABIDAE)
W UPRAWACH EKOLOGICZNYCH PLODOZMIANU NORFOLSKIEGO

Streszczenie

Celem pracy byla analiza ifeiowa i jak@ciowa zgrupowa epigeicznych chegszczy z rodziny Carabidae wastjgcych w
réznych uprawach ptodozmianu norfolskiego, prowadzbnyetod ekologiczp. Odtowy stawonogéw do putapek glebo-
wych prowadzono w latach 2014-2016, w Rolniczymagdale Dawiadczalnym Swojec, nateeym do Uniwersytetu Przy-
rodniczego we Wroctawiu oraz w gospodarstwie ekolmym w Kamigcu Wroctawskim. W obu lokalizacjach najmnigjsz
liczebnd¢ i zr&nicowanie gatunkowe chygzczy odnotowano w uprawie ziemniaka. W pozostaljycwach biegacze wy-
stepowaty stosunkowo licznie i w ikj liczbie gatunkow. Na podstawie uzyskanych wynik@na przypuszczaze zasto-
sowanie ptodozmianu typu norfolskiego, w warunkgobpodarowania ekologicznego, stwarza sprzggjwarunki do
rozwoju badanych organizméw, a w konsekwencjikaza ich liczebnid i przyczynia & do zwgkszenia rénorodngci

biologicznej agrocenoz.

Stowa kluczowerolnictwo ekologiczne, biegaczowatezmérodndg¢ biologiczna, ptodozmian norfolski

1. Introduction

The use of properly selected crop rotation is ohthe
most important components of ecological farmingveDsi-
fication of crop plants decreases pest presenceatilde
same time increases the number of beneficial osgasi
Such action consequently contributes to increasietd
potential and improving crops quality [1].

Ground beetles are the most important beneficigrosms
significantly reducing the pest number in agroestesys. These
arthropods lead epigeic lifestyle, have no tropgipiecialization
and constitute high percentage share in total lEsrofanimals
on the agricultural landscape [2, 3]. The physical chemical
properties of the soil have the strongest impachein presence
[4]. Their abundance increases where no chemiotggiion [5]
and mineral fertilizers are used. Diversified arofation leading
to the increase in organic matter content in gadly also posi-
tively affect the abundance and species diver§itijase organ-
isms [6, 7]. Most of the ground beetles are oligatarnivores
(predators), less numerous are hemicarnivoresnfgent diver-
sified food and herbivores feeding mainly on plaaterial. The
latest feed predominantly on seeds of plants, dinedusegetal
weeds [8, 9, 10]. The two first of above mentiogenups, as
natural enemies of the pest populations, will diyeaffect their
abundance [11]. The representatives of seed-feduieyes
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have an important impact on the regulation of semeds pres-
ence [2, 12]. Ground beetles, both as whole faragyyell as
particular species, show many abilities of goodnbicators.
Also in crops, where they are more abundant, Giaeabare
successfully used in assessment of changes caysepldtech-
nical treatments [13, 14].
The aim of the study was to perform a quantitatine

qualitative analysis of ground beetles assemblegmsrded
in organically managed crops within Norfolk cropation.

2. Material and methods

The experiment was conducted in two sites located
Lower Silesia, Poland, i.e. at the Experimentalddesh Sta-
tion Swojec of the Wroctaw University of Environntehand
Life Sciences (51°07'02.4"N 17°08'25.2"E) and a& tir-
ganic farm located in Kamieniec Wroctawski (51°G573N,
17°10'21.3"E). The distance between both sitesalast 10
km. The study was carried out on crops growing digla
soil of the good-rye complex, where organic managgm
lasted for ten years. Both in Swojec and Kamiettiecfield
experiment was carried out with the identical desand
identical agrotechnical treatments performed at shene
dates. The study was made on four different crppsypo-
tato (variety Vineta), oat (variety Rajtar), fodgeza (variety
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Roch) and winter rye (variety Blowskie Ztote). The plants
were cultivated on plots of the area 36(B1x 4 m), placed
randomly in 3 replicates. Only in potato, biopadgcNo-
vodor SC reducing the occurrence of Colorado pdiatele
was applied (based d@acillus thuringiensisar. tenebrionis
registered for organic farming)

The epigeic arthropods were collected over thegeta-
tion seasons with the use of Barber's traps. Eaahthe en-
tomological material was collected with one weelerivals
from the beginning of May to the end of July. Traptwas a
plastic container with the size of 5008 cm diameter and
14 cm height) dig into the soil to its surface be middle
part of each experimental plot. There were 12 t(dpsrops
in 3 replications) in each of the site. The covethe trap
was plastic roof. To kill and preserve the arthidgpthe traps
were filled with 100 ml of 100% ethylene glycol.thme labo-
ratory the collected biological material was soed identi-
fied up to the species level according to Hurkd.[15

In the data analysis the total abundance of grdnasdles
and 10 most abundant species for each crop werelated.
Additionally beetles were classified to ecologigedups (car-
nivores, hemicarnivores, omnivores and herbivoaes)) their
share in each treatment was determined. For tlaeadalysis
the Statistica 12.5 and Microsoft Excel 2007 wesedu In or-
der to show the significant differences of beetisindance

were calculated: Shannon-Weaver [16], Pielou [1] &imp-
son [18]. Additionally, separately for each location the
species composition of the ground beetle assemblage
different crops was analyzed using the canonicateeo
spondence analysis (CCA). All species found duthmge
years of the study were included in the analysie ®rdi-
nation analysis was done using CANOCO version 4%9. [
The significance of the first canonical axis anidcahonical
axes was calculated with the Monte Carlo tes0(@5).

3. Results
3.1. The abundance and species composition

In 2014, in Swojec, 505 ground beetles were fo{irad
ble 1). These organisms were significantly morenalamt
in oat fields (196 individuals) and fodder pea (172ig-
nificantly less beetles were recorded in winter {y&) and
potato (61). The highest number of species wasdadan
fodder pea (22), in comparison to rye field (183t ¢16)
and potato (13). In all crops the most abundantispe
were: Pseudoophonus rufipes, Poecilus cupreus and P.
lepidus.In Kamieniec Wroctawski 595 beetles were caught.
Beetles were present in the greatest number irtreat-
ments (238 individuals), then in rye and fodder p&&5
and 161 respectively) and less numerous in po&ith The
differences were not significant. The number of cépe

between treatments, the analysis of variance wasl uscaught within oat, pea and winter rye fields (2%,ahd 26,
(ANOVA, p<0.05). In the case of significant differences, therespectively) was significantly higher than in potdield

post-hoc HSD Tukey test was performedQ®5). In the eco-
logical analysis of beetles’ assemblages, theiatig indices

(7). P. rufipeswas the dominant species in all the treat-
ments, the most numerous in in oat.

Table 1. The most numerous species of ground Isefetlend in different components of Norfolk cropatidn at two locali-

ties in 2014

Tab. 1. Najliczniejsze gatunki biegaczowatych oalaych w poszczegdélnych komponentach ptodozmianfolsiaego

w dwdch lokalizacjach w 2014 roku

Species Prefgrences** SWOJEC KAMIENIEC
habitat/food p* o] FP WR P (0] FP WR
Pseudoophonus rufipéPe Geer, 1774) c,p,a hz 18 52 35 11 8 105 63 50
Poecillus cupreuglLinnaeus, 1758) c,p,az 9 40 28 10 6 24 3
Poecillus lepidugLeske, 1785) c,p,axz 37 22 9 29 10 2
Agonum sexpunctatuthinnaeus, 1758) c, a,p, hz 5 26 3 56
Harpalus affinis(Schrank, 1781) c, p, a, poly 3 9 11 6 39 14 5
Bembidion properanéStephens, 1828) c,p,az 7 20 24 6 3 5 8 5
Bembidion quadrimaculatuiii.innaeus, 1761) c,p,az 4 6 7 5 13 2
Anchomenus dorsal{®ontoppidan, 1763) c,p,az 10 8 8 1 3 4
Amara communigPanzer, 1797) c, p, ph 3 20
Broscus cephalotgdinnaeus, 1758) C,PS,S,p. X% Z 4 3 8 2
Bembidion femoratur{Sturm, 1825) c, p, i, hyg, hz 4 4 2
Bembidion lamprog¢Herbst, 1784) c,p,az 4 3 2
Microlestes minutulu§Goeze, 1777) c, p, S, hz 5 2
Calathus ambiguuéPaykull, 1790) c,p,a hz 4 3
Poecilus versicolofSturm, 1824) c,a,p, hz 3 2
Calathus erratug¢C.R. Sahlberg, 1827) c, p, xer, hz 4
Amara similata(Gyllenhal, 1810) c, p, & ph 1 4
Calathus fuscipeGoeze, 1777) c, p,a, hz 4
Dolichus halensigSchaller, 1783) c,a,phz 3
Clivina fossor(Linnaeus, 1758) c,p,a hz 2
Amara equestri¢Duftschmid, 1812) c,a,p, X hz 2
Remaining species 4 10 21 13 0 16 24 17
Total 61lb** | 196a | 172 76b 31 238 161 165
No. species 13 16 22 18 7 25 27 26
Simpson - Index D 0.87 084 089 092 0.y6 0/75 10.80.78
Shannon - Weaver Index H' 2.20 209 247 2/62 15891 | 231 | 2.02
Pielou Index J' 0.60 0.52 055 0.63 056 041 0/48.43

Source: own work Zrédto: opracowanie wlasne

* Norfolk crop rotation components (p - potato, @&, fp - fodder pea, wr - winter rye)

** preferences of habitat and feeding (c - commpecses, p - pratinicolous, a - agrocenosis, pampsophilous, s - subterranean, x - xerothermopsijlou
hyg - hygrophil, ri - ripicolous, z - zoophagoug,-themizoophagous, poly - polyphagous, ph - pthagpus)

*** significant differences were marked with diffamt small letters. The differences were calculathrately for crops in Swojec and Kamieniec Wro-

ctawski (ANOVA, 1x0.05)
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Table 2. The most nhumerous species of ground Isefetlend in different components of Norfolk cropatidn at two locali-

ties in 2015

Tab. 2. Najliczniejsze gatunki biegaczowatych oalaych w poszczegdlnych komponentach ptodozmianfolsiaego

w dwdch lokalizacjach w 2015 roku

. . " SWOJEC KAMIENIEC
Species Preferences** habitat/fooe p o) P | WR P o) P WR
Pseudoophonus rufipéPe Geer, 1774) c,p,a hz 10 147 112 8% 35 214 15 179
Poecillus cupreuglLinnaeus, 1758) c,paz 5 13 54 30 33 39 a7 83
Harpalus affinis(Schrank, 1781) c, p, a, poly 3 27 26 26 8 472 24 56
Poecillus lepidugLeske, 1785) c,p,axz 3 29 19 14 4 11 42
Bembidion quadrimaculatuiiinnaeus, 1761) |c,p,a, z 13 12 19 6 7 6
Bembidion properanéStephens, 1828) c,p,az 1 7 20 5 6 35 49 22
Broscus cephalotgdinnaeus, 1758) C,ps, S, p, X Z 16 8
Anchomenus dorsal{®ontoppidan, 1763) c,p,az 20 61 30 59
Bembidion lamprog¢Herbst, 1784) c,p,az 1 8 7 5 24 42
Harpalus tardugPanzer, 1797) c, p, &, poly 6 6 10
Calathus fuscipefGoeze, 1777) c,p,a hz 10
Bembidion femoratur{Sturm, 1825) c, p, i, hyg, hz 2 5 5 20
Calathus melanocephalikinnaeus, 1758) c, a,p, hz 7
Calathus ambiguuéPaykull, 1790) c, p,a hz 6
Dolichus halensi¢Schaller, 1783) c,a,phz 5 23
Poecilus versicolofSturm, 1824) c, a,p, hz 5 20
Microlestes minutulu§Goeze, 1777) c, p, S, hz 3
Anisodactylus binotatug-abricius, 1792) c, hyg, p, hz 5
Clivina fossor(Linnaeus, 1758) c,p,a hz 4 10 19
Agonum sexpunctatuthinnaeus, 1758) c,a,p, hz 15 20 64
Amara aenedDe Geer, 1774) c, p, a ph 20
Remaining species 4 31 27 29 21 80 31 04
Total 61b** | 306a| 3028 223 133b 554a 464 648a
No. species 14 26 23 26 26 3b 30 39
Simpson - Index D 0.84 0.74 0.81 081 0.85 0.8250.8.87
Shannon - Weaver Index H' 2.14 2.05 217 2.28 2.£638| 2.30] 2.57
Pielou Index J' 056 044 048 048 0.2 0{46 0.9749

Source: own work Zrédto: opracowanie wlasne

*Norfolk crop rotation components (p - potato, @at, fp - fodder pea, wr - winter rye)

**preferences of habitat and feeding (¢ -

commorecsgs, p - pratinicolous, a -

agrocenosis, ps -mpsaphilous, s - subterranean,

x - xerothermophilous, hyg - hygrophil, ri - riploas, z - zoophagous, hz - hemizoophagous, patyyppagous, ph - phytophagous)
***significant differences were marked with differfesmall letters. The differences were calculatgohsately for crops in Swojec and Kamieniec Wro-

ctawski (ANOVA, 1x0.05)

In 2015, in Swojec, the ground beetles were signif 3.2. The ecological analysis of ground beetle asdalages

cantly more abundant in oat and in fodder pea @@6302
individuals respectively) in comparison to potaé@)( (Ta-
ble 2). The highest number of species was founthiee
crops (oat — 26, fodder pea — 23 and winter ryes)-id
comparison to potato (14p. rufipeswas again the most
abundant specigsspecially in oat and fodder pea.

In Kamieniec Wroctawski in winter rye and oat sfgn
cantly greater number of ground beetles was celtednb
comparison to potato (648, 554 and 133, respegjivéhe
number of species was quite equal in all cropsranded
from 39 (in rye) to 26 (in potato). The dominanesiesP.
rufipeswas the most numerous in oat field.

In 2016, in Swojec, the ground beetles were muostdant
in fodder pea (391 individuals), then in oat (2@ay winter
rye (176) and the least numerous in potato (9MI€T3). Tak-
ing into account the number of species, the higtiestrsity
was found in fodder pea and oat (23 and 20 resphgtiin
comparison to rye (17) and potato (16). The dontispacies

In 2014, in Swojec, the achieved values of eccdbgndices
were relatively homogenous (Table 1). The Simpsdex ranged
from 0.84 (in oat) to 0.92 (in rye). The value b&Snon-Weaver
index was between 2.62 (in rye) and 2.09 (in Qatly the Pielou
index, which indicates the uniformity of speciestrbution, was
significantly higher in rye (0.63) and potato (Q.60comparison
to fodder pea (0.55) and oat (0.52). In Kamienigodsiwski, the
Simpson species diversity index ranged from 0r754t) to 0.81
(in fodder pea). The species diversity measureld Slitannon-
Weaver index was substantially lower in potato @atd0.75 and
0.76 respectively) in comparison to rye and pegil(@nd 0.78
respectively). The Pielou index ranged from 0.4ilp{tato) to
0.56 (in oat). The next year of the study (20153 wdsstinctly
more favorable for studied arthropods (Table 2e Bimpson
index in Swojec, in potato field (0.84), fodder g@81) and rye
(0.81) was distinctly higher in comparison to daf74). The
Shannon-Weaver index ranged from 2.05 in oat ® i.@vinter

was agairP. rufipes present in the highest number within fod-rye. Slight differences were observed between @dtdt=2.14)

der pea treatments. In Kamieniec Wroctawski grobeetles
were the most abundant in rye (409 individuals) @ad(358)
in comparison to pea (284) and potato (185). Sirtriéand was
noted in the number of identified species, whicheaensid-
erably more abundant in rye and oat (30 and 2%eosisply)
in comparison to fodder pea (20) and potato (16gré& were
observed two dominant species, ire.rufipes more abundant
in rye, fodder pea and oat in comparison to poaaibHar-
palus affinis the most abundant in rye crop.
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and fodder pea (H'=2.17). In Kamieniec, the obthiBanpson
index values were very similar to each other anged from 0.82
in potato, to 0.87 in winter rye. The Shannon-Weawex was
clearly higher in winter rye and potato (2.57 a®pin compari-
son to oat and fodder pea (2.38 and 2.30 resggktive2016 the
biodiversity indices were significantly differergtiveen particular
treatments of the Norfolk crop rotation (TableIB)Swojec, the
highest Simpson index was calculated for pota@bjCand the
lowest for winter rye (0.67). The Shannon-Weavdeinvaried
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between 1.78 (in rye) to 2.21 (in potato). The hpeneity of spe- reached 0.83 for potato, 0.82 for oat and foddargpel 0.78 for
cies measured with Pielou index reached the highést in po-  winter rye. The Shannon-Weaver index ranged fr@® @ye) to
tato crop (0.55), while the lowest in fodder ped1p In Kamie-  2.21 (potato). Higher Pielou index of the specmadgeneity was
niec Wroctawski differences similar to Swojec wetiserved. in potato and fodder pea (0.52 and 0.50) in cosgario oat
However, changes of Simpson’s species diversitg \esver and  (0.48) and rye (0.42).

Table 3. The most numerous species of ground séatied in different components of Norfolk cropatimn at two localities in 2016
Tab. 3. Najliczniejsze gatunki biegaczowatych odlaych w poszczegdlnych komponentach ptodozmiarfolsidego
w dwdch lokalizacjach w 2016 roku

. o . L SWOJEC KAMIENIEC
Species Preferences** habitat/foodt p 0 FP | WR P o) P WR
Pseudoophonus rufipéBe Geer, 1774) c,p,a hz 28| 134 209 98 35 121 103 135
Harpalus affinis(Schrank, 1781) c, p, a, poly 6 26 24 6 13 8( 3y 121
Microlestes minutulu§Goeze, 1777) c, p,S, hz 16 8 8 57 25 23
Poecillus cupreuglLinnaeus, 1758) c,p,az 4 18 44 11 9 9 38
Bembidion quadrimaculatuiii.innaeus, 1761) c,p,az 12 9 9 7 20 22 9
Amara aenedDe Geer, 1774) c, p, a ph 2 7 2 12 6 53
Bembidion properanéStephens, 1828) c,p,az 12 6 8 20 19 9
Bembidion lamprog¢Herbst, 1784) c,p,az 9 18 11 10
Harpalus tardugPanzer, 1797) c, p, a, poly 2 10 13 4 5 6
Poecillus lepidugLeske, 1785) c,p,axz 2 14 11 8 5
Calathus ambiguu@Paykull, 1790) c,p,a hz 6 20 12
Anchomenus dorsali®ontoppidan, 1763) c,p,az 9 8 11 10
Bembidion femoratur{Sturm, 1825) c, p, i, hyg, hz 24 7
Broscus cephalotgdinnaeus, 1758) C,pSs, S, p, X Z 12 7 4
Agonum sexpunctatuthinnaeus, 1758) c, a,p, hz 13
Amara similata(Gyllenhal, 1810) c, p, a ph 9
Calathus fuscipefGoeze, 1777) c,p,a hz 8
Clivina fossor(Linnaeus, 1758) c,p,a hz 8
Amara apricaria(Paykull, 1790) c, p, a X ph 2
Remaining species 7 30 33 9 @ 34 25 40
Total 97 | 272| 391 176 185 358 284 409
No. species 16 20 23 17 16 25 20 30
Simpson - Index D 0.85 0.78 0.69 0.67 0,83 0.82 20.8.78
Shannon - Weaver Index H' 221 202 188 178 20QR21| 2.17, 2.06
Pielou Index J' 055 04fF 041 043 052 048 0.8%42
*Norfolk crop rotation components (p - potato, @at, fp - fodder pea, wr - winter rye) Source: own work Zrédto: opracowanie wltasne

** preferences of habitat and feeding (c - commaquecses, p - pratinicolous, a - agrocenosis, ps ampsophilous, s - subterranean,
x - xerothermophilous, hyg - hygrophil, ri - riploas, z - zoophagous, hz - hemizoophagous, patyyppagous, ph — phytophagous

Table 4. Ecological analysis of ground beetlesrabtzges
Tab. 4. Analiza ekologiczna zgrupotaiegaczowatych

Group Year SWOJEC KAMIENIEC
P* [ O] FP | WR P | O] FP[ WR
Trophic structure (%)
2014 0.41 0.61 0.56 0.58 0.55 0.21 0/34 0,07
Zoophagous 2015 0.64 0.3 045 0.33 0.71 0.835 054 0,38
2016 0.32 0.24 0.2% 0.24 0.25 0.23 0/32 0,08
2014 0.52 0.34 0.3% 0.28 0.45 0.59 052 0,75
Hemizoophagous 2015 0.31 0.55 0.43 0.49 0.24 0.53 0/39 0,48
2016 0.57 0.58 0.63 0.70 0.76 0.47 052 0,42
2014 0.05 0.06 0.08 0.12 0.00 0.17 0J09 0,04
Polyphagous 2015 0.03 0.12 0.09 0.1p 0.04 0.10 0Jj06 0.11
2016 0.09 0.14 0.10 0.06 0.08 0.24 03 0,32
2014 0.02 0.00 0.01 o0.0n 0.00 0.03 0/06 0,14
Phytophagous 2015 0.02 0.02 0.03 0.08 0.01 0.02 0/01 0,04
2016 0.02 0.04 0.03 0.0n 0.03 0.06 0/03 0,18
Habitat preferences (%)

2014 0.85 0.80 0.77 0.82 0.94 0.83 0/89 0,94
Eurytopic 2015 0.90 0.86 0.90 0.8y 0.92 091 0/93 0,87
2016 0.80 0.8 0.90 0.95 0.86 0.95 0/96 0,95
2014 0.07 0 0.02 0 0.06 0.01 0.02 0.01
Waterside 2015 0.03 0.01 0.0Z 0 0.03 0.02 0.p5 0/j01
2016 0.02 0 0 0 0.13 0.0 0.01 0.01
2014 0.08 0.20 0.19 0.18 0 0.16 0.p9 0J05
Field-meadow 2015 0.07 0.13 0.08 0.12 0.05 0.05 0Jj02 011
2016 0.18 0.13 0.10 0.0p 0.01 0.03 0/03 0,04

2014 0 0 0.01 0 0 0 0 0
Forest 2015 0 0.01 0 0.02 0 0.0 0.01 0.01

2016 0 0 0 0 0 0 0 0

*Norfolk crop rotation components (P - potato, @at, FP - fodder pea, WR - winter rye) Source: own work Zrédto: opracowanie wtasne
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During three years of the study and in all treattaeu-
rytopic species predominated (more than 80% oba#-
tles) (Table 4). Among them there were common g3ecCi
such ad. rufipes, P. cupreus, H. affinégsd the representa-
tives from Bembidion genus Significantly less abundant
group of ground beetles did species prefer grasdyjtdt.
Due to the soil moisture and crops characteribiése bee-
tles are present in oat, fodder pea and rye (espedn
Swojec). It can be observed that among the destspe-
cies, there is a small share of hygrophilous sgeaidich
were mainly found in Kamieniec Wroctawski. The goou
with the smallest share (due to the character @i)rwas
species typical for forest ecosystem. Among thdéw,nost
common are carnivores of tli@garabusand Calosomage-
nus. Very large group within the collected arthrdpovere
hemicarnivores, which are non-selective predatmurswith
the ability to reduce weeds occurrenBe.rufipes,charac-
terized by the ability of seed-feeding was commpecges
present in great number. In 2016, in the groundl®ess-

that in the annual crops cultivated in Central Ppesothe
number of ground beetle species ranged from 2(btdr3
this study the number of species in oat and winterindi-
cates the higher species diversity. The analysispeties
composition of ground beetles shows species wittlewi
range of presence. The main eurytopic species, agéh
rufipes, P. cupreus, H. affinesre widespread and common
also in other habitats in Poland [22, 23, 24, 28%0 La-
buyer et al. [25] indicat®. rufipesas the most dominant
species. These authors also state that speciesomehtin
their study are very important hemicarnivores imbde
fields and have a great impact on the decreaseeid sum-
ber within the soil environment. Despite the aboren-
tionedP. rufipes P. cupreusvasanother important species
Marrec et al. [26] proved that this species wasiigantly
more abundant in winter rape than in cereals. Apoirtant
trophic group of ground beetles constituted canm@so
which can significantly reduce pest abundance. Agnon
them small carnivores &embidion properanandB. lam-

semblages, the highest share had omnivores, whée tprosoccurred commonly attacking aphids feeding on cul-

smallest- herbivores. They were most numerous mewi
rye field in Kamieniec (18%).

tivated plants oBroscus cephaloteshose Colorado potato
beetle is main food source. Booij and Noorland@i [2di-

The CCA diagram of species assemblages in Swojezated that carnivorous species occurred more fretyuim

shows the uneven distribution of species dependinthe

year of the study (correlated with | ordinate) aedted

crops (Il ordinate) (Fig. 1). The eigenvalues foe first to

axes were 0.165 and 0.141. The Monte Carlo teswvetho
the high significance of the first canonical axi=0.002)

and all axes together (0.002). It can be seen pibi@to had
a negative impact on the presence of the most adirgt

beetles species in comparison to remaining cropstey
rye, oat and pea were positively correlated with abun-

dance of Carabidagpecies.

organic crops in comparison to conventional oneas.ti@
other hand, Melnychuk et al. [28] found that orgafairm-
ing is characterized by the higher diversity of dary
beetles. In our study the lowest number and speties-
sity of beetles were found in potato, while theHaigt in
both cereal crops. Also Kosewska et al. [29] inttidathe
highest species diversity of ground beetles inalsrdt can
be stated that potato cultivation creates unfaveranvi-
ronment for ground beetles due to the way of calidn, as
well as less shade level during the most of théwation

In Kamieniec Wroctawski the Carabidae species weréme. Gruss et al. [30] observed the negative irhpacthe

distributed fairly evenly in the gradient of tesggecies and
year of study (Fig. 2). The eigenvalues were 0.482

0.470. The Monte Carlo test showed the high sigaifce
of the first canonical axis (p=0.002) and all axegether
(0.002). The potato crop, correlated with the fostdinate,

had a negative impact on the presence of mostmfngr
beetle species. The positive effect was found énchse of
winter rye and oat. The fodder pea had the leagaainon

the ground beetles assemblages.

4. Discussion

The intensification of conventional farming is rperily
based on the increasing amount of mineral fertitmaand
pesticides used. The excessive use of some substamay
negatively affect the environment and biodiversifyor-
ganisms living in agroecosystems. Organic farmm@ne
of the ways of sustainable development. By thisnitedn
organic farming should create the optimal condgidar
fauna and flora and, in some cases, should inctéaskio-
diversity level [20]. Pffifner and Luka [2] haveqwen that
organic crops can significantly increase the numbgr
ground beetles within agrocenoses. Purtauf ea]. §tated
that the management type itself is not as imporssnthe
area surrounding the arable fields. Our studiesewar-
formed in two sites, differed between each othethaysur-
rounding. More trees and shrubs were grown in Karae
Wroctawski, thus they could create more favoralabitat
for majority of species. Thiele [9] in his reseadaibserved,
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presence of the most of mites groups living in tear-
surface layer of soil. Also springtails [31] wees$ numer-
ous in potato cultivation compared to winter ryieislalso
worth to note that winter rye and oat crop are $ypéh the
highest values of ground beetles species diversity.

5. Conclusions

1. In all years of the study, both in Swojec andri&niec,
the ground beetles were found in the greatest ntsnipe
cereals (oat and winter rye). The least favorablgitat for
studied insects was created by potato.

2. The greatest species diversity of ground beeaties
curred in rye, while the lowest number of species found

in potato. The most numerous species found in teeal
fodder pea werePseudoophonus rufipes, Poecilus cupreus
and Harpalus affinis.In potato the dominant species were:
P. rufipes, Broscus cephalotasd the species frolem-
bidion genus.

3. The most numerous species of ground beetlegyana
crops were included to hemicarnivores, which rediee
number of pests on plantation. Omnivores and herba/
were less numerous trophic groups of investigateetlé.
Therefore, it can be concluded that organic farnfangrs
the occurrence of beneficial ground beetles, captblire-
duce pests’ populations.

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3)



O- Potato
—
M.min
B.fem
B\cep
A.spp
H.lut C.nem
H.s
Blqua A, sim O.bre pp pois
d.hyb
C.fos
B.pro C.spp
C.amb P.cup C.err S.tel
2016 A.bin Podder PeapI C.ing A.sex
lep
Z.tenA'aenP-ruf 2'?)5 ?x.r(]:iom B.lam P.ver
Am.corH.tar  C.fus “ [ h Ig,&.dor
N A'allj-r C.Vn\)glter :Eéye Ia Oat
) C.ger .qua, inter

o| g 4 A.bif iH_qua

' Ptver Ptnig N.bre '

-1.0 g 1.0

N.aqu C.can A.mer

Source: own work Zrodlo: opracowanie wlasne

Figure 1. Diagram of the CCA Canonical CorrespordeAnalysis demonstrating the relationships betwienstudied

crops and Carabidae species at Swojec in 2014-2016

Rys. 1. Wykres CCA Kanonicznej Analizy Koresporjderaedstawiagcy zalenasci miedzy badanymi uprawami a biega-

czowatymi na Swojcu w latach 2014-2016

Aequ

o

— D.spp

A.com Abif

C.nem

) A.aul
Winter Rye

A A.mue 2014
D.int

Assi

C.ger C.err
B.bul

H.rub B.cep

A.sex J.qua

C.fus

C.gra P.lep

Pt.nig Lpil

A.aen

H.aff

Am.con
C.amb H |yt

Ac.dor

A.ova

B.cre

2016

A.apr
S.pum

A.spp

H.qua
d B.qua

.min

P.ryf
Ut

C.mel A.eu

C

D.atr Oat A.bi

Pt.ver
A.ple
N.aqu

Ador P.ver
D.hal P.cup

D.glo
P.bip
C.can
C.inq N.bre
Pt.mel
O.hel

H.spp

o 2015
-

ifos

pro

Podder Pea

An.con
H.tar

Potato
O.bre
B.fem
B.lam

-1.0

Source: own work Zrodlo: opracowanie wasne

Figure 2. Diagram of the CCA Canonical Correspordehnalysis demonstrating the relationships betvwberstudied
crops and Carabidae species at Kamieniec Wroctaws014-2016
Rys. 2. Wykres CCA Kanonicznej Analizy Koresporjderzedstawiagcy zalenasci miedzy badanymi uprawami a biega-

czowatymi w Kamigeu Wroctawskim w latach 2014-2016

Michat JASINSKI, Jacek TWARDOWSKI, lwona GRUSS, Marcin CIERPISZ, Ewa TENDZIAGOLSKA

151

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3)



6. References [16] Shannon C.E., Weaver W.: The Mathematical Theofyophmu-
. ) . nication. Urbana: University of lllinois Press, $93-91.
[1] Krysztoforski M., Stachowicz T.: Plodozmian w godRO  117] pielou E.C.: The measurement of diversity in différgpes
stwie ekologicznym. Wydawnictwo CDR Radom, 2008. of biological collections. Journal of Theoretical oRigy,
[2] Pfiffner L., Luka H.: Effects of low-input farmingystems on 1966, 13, 131-144.
carabids and epigeal spiders - a paired farm apprddasic  [18] Simpson. E.H.: Measurement of diversity. Naturd91963, 688.
and Applied Ecology, Research Institute of orgarjocal- [19] Ter Braak C.J.F., Smilauer P.: CANOCO reference manual
ture (FiBL), Frick, Switzerland, 2003, 4, 117-127. and CanoDraw for Windows user’'s guide: software dar
[3] Konieczna K., Melke A., Olbrycht T.: Bioz@orodndg¢ dra- nonical community ordination (version 4.5) — Micooeputer
pieznych biegaczowatych (Col., Carabidae) i kusakowatych  Power Ithaca.
(Col., Staphylinidae) zasiedigiych pole uprawne i zadrze- [20] Pfiffner L, Luka L, Jeanneret P, Schipbach B.: Hatibn
wienie srodpolne. Progress in Plant Protection, 2012, 52(2) Okomassnahmen: Biodiversitat. Effekte 6kologischers-A

340-346. gleichsflachen auf die Laufkaferfauna. Agrarforsaipu2000,
[4] Holland J.M., Luff M.L.: The effects of agriculturpractices 7,212-217.

on Carabidae in temperate agroecosystems. Integkeetl [21] Purtauf T., Roschewitz I., Dauber J., Thies C., Tsuhka T.,

Management Reviews, 2000, 5, 109-129. Wolters V.: Landscape context of organic and cotivaal
[5] Koss A.M., Jensen A.S., Schreiber A., Pike K.S. d&ny farms: Influences on carabid beetle diversity. Agiture,

W.E.: Comparison of predator and pest communities in  Ecosystems and Environment, 2005, 108, 165-174
Washington potato fields treated with broad speafrselec- [22] Olbrycht T.: Wystpowanie chraszczy biegaczowatych na

tive, or organic insecticides. Environmental Enttogy, stanowisku w drugim roku odtogowania. Progress lanf
2005, 34, 87-95. Protection, 2003, 43, 846-848.

[6] Rychcik B., Adamiak J., Wdjciak H.: Dynamics of theil [23] Szafranek P., Woszczyk K.: Biegaczowate (Coleopt€ea:
organic matter in crop rotation and long-term marce. rabidae) wysipujace w konwencjonalnej i ekologicznej
Plant, Soil and Environment, 2006, 52, 15-20. uprawie selera korzeniowegdgium graveolend. var. ra-

[7] Cassagne N., Gers Ch.: Relationships between Collembola paceum(Mill.). Vegetable Crops News, 2012, 54-55, 59-63.
soil chemistry and humus types in forest standar(@e). Bi- [24] Sadej W., Kosewska A., #lej W., Nietupski M.: Effects of

ology and Fertility of Soils, 2003, 37, 355-361. fertilizer and land-use type on soil properties gnulind bee-
[8] Aleksandrowicz O.: Biegaczowate (Carabidae). W: Fauna tle communities. Bulletin of Insectology, 2012, 65(2
Polski - Charakterystyka i Wykaz Gatunkdéw, 28-4%!. ( 239-246.
Bogdanowicz, E. Chudziaka, I. Pilipiuk, E. Skibka, eds.). [25] Labruyer S., Ricci B., Lubac A., Petit S.: Crop typeop
Muzeum i Instytut Zoologii PAN, 2004. management and grass margins affect the abundadcthe
[9] Thiele H.U.: Carabid Beetles in their Environmentsiigger- nutritional state of seed-eating carabid speciesable lands.
Verlag, 1977, 369 pp. Agriculture, Ecosystems Environment, 2016, 231,-183.
[10] Luff M.L.: Use of Carabids as environmental indigatin  [26] Marrec R., Badennhausser |., Bretagnolle V., BérgeRbn-
grasslands and cereals. Annales Zoologici Fenb896, 33, coroni M., Guillon N, Gauffre B.: Crop succession drati-
185-195. tat preferences drive the distribution and abundaot
[11] Gaspart V., Drmi¢ H., Catija Z., Grasa M., Petrak Z., Bazok carabid beetles in an agricultural landscape. Awjtice, Eco-
I., Lemic R.: Impact of environmental conditions aagro- systems Environment, 2015, 199, 282-289
technical factors on ground beetle populationsable crops. [27] Booij C.J.H., Noorlander J.: Farming systems and cinse
Applied Ecology and Environmental Research, 20173)15 predators. Agriculture, Ecosystems and Environmg@82,
697-711. 40, 25-135.

[12] Lovei G.L., Sunderland K.D.: Ecology and Behavior of [28] Melnychuk N.A., Olfer O., Youngs B., Gillot C.: Abuadce
Ground Beetles (Coleoptera: Carabidae). Annual Review o and diversity of Carabidae (Coleoptera) in differ&rtning
Entomology, 1996, 41, 231-256. systems, Agriculture, Ecosystems and Environmef032

[13] Pohl G.P., Langor D.W., Spence J.R.. Rove beetles and 95, 69-72.
ground beetles (Coleoptera: Staphylinidae, Carabidagh- [29] Kosewska A., Nietupski M., Kordan B., Mech K.: Egige

dicators of harvest and regeneration practicesestevn Ca- carabid beetles (Coleoptera: Carabidae) in strawhsanyta-
nadian foothills forests. Biological Conservation020137, tions in northeastern Poland. Baltic Journal of Cpleml-
294-307. ogy, 2012, 12(1), 77-90.

[14] Szafranek P., Woszczyk K.: Rforodndé i liczebna¢ bie-  [30] Gruss 1., Twardowski J.: Influence of potato andhtei rye
gaczowatych (Coleoptera: Carabidae) wysfacych w kon- 90-year monocultures under different fertilizatiom soil
wencjonalnych i ekologicznych uprawach burakéktowe- mites. Plant Protection Science, 2016, 46, 1-8.
go (Beta vulgarisL.). Vegetable Crops News, 2012, 54-55, [31] Gruss I., Hurej M., Twardowski J.: Wptyw diny uprawnej
107-112. na zré&nicowanie mezofauny glebowej. Progress in Plant Pro

[15] Hurka K.: Carabidaeof the Czech and Slovak Republics. tection, 2013, 53, 668-673.
Kabourek, Zlin., 1996.

Michat JASINSKI, Jacek TWARDOWSKI, lwona GRUSS, Marcin CIERPISZ, Ewa TENDZIAGOLSKA 152 ,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3)



