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ORGANIC CROPS AS RESERVOIR FOR BENEFICIAL EPIGEAL A RTHROPODS

Summary

The aim of the study was to conduct quantitative gunalitative analysis of epigeic arthropods (Cadd®, Staphylinidae,
Arachnida) occurring in crops within "Norfolk" roti@n in organic farming. Arthropods’ collecting waarried out in 2014

at the Experimental Research Station Swojec ofAthectaw University of Environmental and Life Sciem@nd at the or-
ganic farm located at Kamieniec Wroctawski. In blmbations ground beetles, rove beetles and arathmiere the most
numerous arthropods. The highest number of growetlés was found within oat treatment, while rogetles and arach-
nids within fodder peas. The greatest diversitgmmfund beetles species was calculated in KamieWeactawski, in case
of pea crops. It may be assumed that these cropsided by organic farming method, are optimal habfor beneficial

epigeal arthropods development.
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UPRAWY EKOLOGICZNE REZERWUAREM PO ZYTECZNYCH STAWONOGOW
NAZIEMNYCH

Streszczenie

Celem pracy byta analiza ifoiowa i jakaciowa zgrupowa stawonogow epigeicznych (Carabidae, Staphylinidaach-
nida) wysgpujgcych w uprawach ptodozmianu norfolskiego, prowagizhrmetod ekologiczg. Odlowy stawonogoéw do
putapek glebowych prowadzono w 2014 roku, w RolnicZaktadzie Déwiadczalnym Swojec, natgeym do Uniwersytetu
Przyrodniczego we Wroctawiu oraz w gospodarstwidaglicznym w Kamigeu Wroctawskim. W obu miejscaig@ach naj-
liczniejsz; grupg stawonogow byly chggzcze z rodzin biegaczowatych i kusakowatych @mezaki. Liczebn@ biegaczy
najwy:sza byta w uprawie owsa, natomiast kusakéw ¢qrakéw najwicej odtowiono w uprawie grochu pastewnego.
Najwieksze zrénicowanie gatunkowe biegaczowatych odnotowano wiékamm Wroctawskim w uprawie peluszki. Ma
przypuszczg ze wymienione uprawy prowadzone mete#ologiczp stanowi optymalne siedlisko dla rozwoju 3ytecz-
nych stawonogdéw naziemnych

Stowa kluczowerolnictwo ekologiczne, uprawy ekologiczne, staegirepigeiczne, biegaczowate, kusakowate;gaaki

1. Introduction mandatory or optional carnivorous (e&oecilus spp.,
Pterostichusspp.,Carabusspp.), less numerous group are

All management practices used in organic crop yggod hemicarnivorous, such as common in PoldPseudoo-
tion should influence the environment as littlepassible.  phonus rufipesand few herbivoresAmara spp.), feeding
For this reason, organic farming seems environniignta mainly with seed of various plants, including sef@teeds
friendly, helps in maintaining biodiversity and sequently [13, 14, 15]. These last two trophic groups of Galae
ensuring the stability of the agro-ecosystem [13]2A di- may have a significant impact on the regulationsofme
versified crop rotation is one of the basic pritespof or- weeds presence [5, 16]. Beetles, rove beetles i@uthr@ds
ganic farming. Proper selection of plants for aation are considered to be valuable bioindicators of ghann
may even increase the diversity of beneficial oigras and the environment [5, 12, 17, 18] because these aptiis
thus limit the incidence of crop pests and preweap loss easily respond to agricultural practices carrietiiowarable
[4]. fields.

Non-specialized arthropods such as ground beetles The aim of the study was to conduct quantitatine a
rove beetles and arachnids [5, 6, 7] are amongnttst im-  qualitative analysis of epigeic arthropods (Carabid
portant natural pests enemies. The biggest imgactheir  Staphylinidae, Arachnida) collected in crops wittior-
occurrence Physical and chemical soil propertigshf®e  folk" rotation in organic farming.
the biggest impacts on their occurrence. Undoupteniis-
sion of pesticides is also a key factor determirigr sur- 2. Material and methods
vival [9]. Through a diversified crop rotation aad a result
increasing the amount of organic matter in the, gbils The studies were conducted at the Experimentdbitati
possible to affect positively the abundance andispedi- Swojec belonging to the Wroctaw University of Ermorir
versity of these organisms [10, 11]. Carabidae andhental and Life Sciences, and on organic farm ia th
Staphylinidae are among the most numerous beethedyf Kamieniec Wroctawski town located 10 km from Wraeta
in Polish agricultural landscape [12]. Most aredatery The geographical coordinates of these two sites are
and feed at ground level, but some will climb péatat feed 51°07'02.4"N, 17°08'25.2"E (Swojec) and 51°05'3N,7"
on aphids, small caterpillars and other animalgokityg are  17°10'21.3"E (Kamieniec Wroctawski). Organic fargiim
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both locations lasted for 10 years. In both sites éxperi-
ment was established on sandy soil. Four diffeczaps
were cultivated in an organic way: potato (Vinetdtiear),
oat (Rajtar cultivar), fodder peas (Roch cultivand rye

cal analysis Statistica version 12.5 was chosenavad
seasonal trends influence, statistical analyse® walcu-
lated separately for each date. To compare thesiiyeas-
pects of ground beetle assemblages and to ass#ssithi-

(Dankowskie Ziote cultivar). Those crops were cultivhte larities, the following ecological indices were &eg:
on plots of area 36 78 x 4 m) each, arranged randomly in Shannon-Weaver index (H'=% p; In (p), where p= the

three replicates. Agricultural practices carried audiffer-
ent sites and treatments are presented in Tabfelbth of
the localities treatments were performed on similates.
Most of the practices were carried out in potatadprction.
Within this crop biological insecticide against @aldo po-
tato beetle was applied, i.e. Novodor SC (baseBauillus
thuringiensisvar. tenebrionis) approved for application in
organic farming. In other crops number of treatraattne
during the growing season ranged from 7 to 9.

Epigeic arthropods were collected by using pitfedbs
in the period from 12 May to 27 July 2014. The srayere
emptied weekly. These were inserted into the grosmd
that the lip was flush with the soil surface. Eaap was a
plastic container with a 9 cm diameter and 12 crapde
filled with 100% ethylene glycol used as a preseveaand
was sunk into another plastic tube. A square @agi@ns-
parent lid protected the trap against precipitatioreach of
the locations 12 traps were placed (4 in each orcéprep-
licates). In the laboratory material was taxonomhjcae-
lected in three groups: Carabidae, Staphylinidascii-
nida. All Carabidae were identified to the spedée®l, and
nomenclature was taken fromitka key (1996). Only adult
individuals were considered for analysis [19].

decimal fraction of individuals belonging to tHedpecies)
with the evenness index (E=H'/InS, where H’ is Bigan-
non index and S is the number of species). Alsaispe

diversity by Simpson index was calculated:
D= Zim(ni—1)
N(N -1)

3. Results and discussion

In total, 1100 ground beetles, 462 rove beetles 389
arachnids were collected in both localities dunvitple ex-
periment (Fig. 1). The highest number of Carabides
found in oat, both in Swojec (196 individuals), amd
Kamieniec Wroctawski (238 individuals). Less numero
beetles were recorded in fodder peas (respectiVélyin-
dividuals in Swojec and 161 in Kamieniec) and imter
rye (respectively 76 and 165 individuals). The teasner-
ous ground beetles were noted in potato treatnfesgpec-
tively 61 and 31 individuals). The probable reasdrthe
lowest number of beneficial beetles Carabidae énpthtato
was lying in the largest number of agrotechnicacfices
performed in this crop. In a research carried ¢uBvaojec

The differences between arthropods assemblages c@round beetles were significantly more numerousats

lected from different treatments through whole efcke
sampling period were checked by ANOVA variance gnal
ses with repeated measures and consequently Tulkey's
est significant difference test (post-hoc). Thengigant

level of p<0.05 was considered for all tests. For this statist

and pea cultivation in comparison to potato and hyehe
second site - Kamieniec Wroctawski, Carabidae vage
nificantly more numerous in organic cultivation @t as
compared to potato.

Table 1. The dates of agrotechnical treatments rimatte field experiment in 2014
Tab. 1. Terminy wykonania zabiegéw agrotechniczmydawiadczeniu polowym w 2014

Potato Oat Pea Winter Rye
Treatment S | i | i
Harrowing (heavy harrow) 27.0p 27.02 27.p2
Sowing 14.03 20.03| 18.03 | 20.03| 28.09 (2013)| 30.09(2013
20.03 20.03
Seedbed 12.03 3883 12.03| 27.08( 12.03 | 27.08 12.03 %88
' 29.09 29.09 '
Planting 28.04] 28.04
. | 28.03 28.03
Harrowing (weeder) 21.0% 06.05 28.04 06.05 28.04 28.03 31.03
07.05| 23.05
Ridging 23.05| 09.06
09.06 | 02.07
21.05
Cultivating 2382 05.06 07.08 07.08
) 27.06
Spraying (Cuproflow 375 SC, Novodor SC) %282 %282
Skimming (10-12 cm) 18.08 20.0805.08 | 20.08 05.08 20.08
Harrowing (medium harrow) 19.08 07.08 07.08
Collecting 10.09f 16.09 10.0B 09.08 28.07 2307 21.07 22.07
Liming (3t/ha) 19.09 19.09 19.99 19.09
Tillage (20-22 cm) 23.04 23.09 23.09 23.09

I* — organic fields in ERS Swojecuprawy ekologiczne w RZD Swojec
II** — organic fields in Kamieniec Wroctawskiuprawy ekologiczne w Kamiieu Wroctawskim
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Fig. 1. The number of epigeic arthropods caugleixiperiment

Source: Authors’ own researclfdto: opracowanie wiasne

Rys. 1. Liczebn@ stawonogéw epigeicznych odlowionych wdadczeniu

Beetles of the family Staphylinidae were the must
merous in the cultivation of fodder peas (Fig. Ih).this
case, in total 186 rove beetles were collectedth btudied
locations (128 individuals in Swojec and 58 in Kaniec).
Less numerous they were recorded within oat cditva
(126 individuals). The least numerous rove beetlese
noted in cultivation of potato and rye (respectvéb and
75 individuals). Rove beetles caught in crops irofew and
Kamieniec Wroctawski, occurred in significantly gter
number on fodder peas compared to potato and wiyer
Arthropods belonging to Arachnida, similarly to
Staphylinidae, were the most numerous in foddes.pba
both sites total number of collected arachnids 45 (304
individuals in Swojec and 143 in Kamieniec). Thegra/
less numerous within oat cultivation (total 262ivnduals),
and the least numerous in potato (35 individudigligeic
arachnids, which were caught in an experiment earout
in Swojec, occurred significantly in greater numipethe
oat cultivation as compared to potato. In Kamieniém-
ctawski, Arachnida were significantly more numerdos
fodder peas and winter rye cultivation than in pmta

Carabidae caught in both localities were idertifie 44
species (Tables 2 and 3). In organic farming in j[Savonly
24 species of ground beetles were observed, whikamie-
niec Wroctawski 40 species. In both sites the masterous
species waBseudoophonus rufip€$16 individuals in Swo-
jec and 226 in Kamieniec). It is a species commostprded
within agricultural area in Poland, which prefeight, airy
and dry soils [25]. Less numerous in the first taawas
species belonging to genBeecilus ie. P. cupreuq87) and
P. lepidus(69), while in the second localitk\gonum sex-
punctatum(85) andHarpalus affini¢58).
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Taking into account Carabidae noted in Swojec, the
highest number of species was found in organiocili-
vated fodder peas (20 species), less in rye (1épah(13),
and the least in potato (11) (Table 2). Neverttsgles the
ecological analysis of the results was noted thathighest
ground beetles species diversity was recorded @mvthter
rye field. Shannon-Weaver index value of 2.58 walslc
lated for this crop, while in fodder peas H'=2.43at field
(H'=2.05) and potato (H'=2.17) were the highestcEse
richness habitat. Similarly, the highest Pielouexdvas
noted in rye (0.41) and the lowest in oat (0.27).

In Kamieniec Wroctawski the highest number of
Carabidae species also was found in fodder peatstent
(27 species). Both in case of oat and rye 25 spegi&re
identified. The least number of ground beetles Wetsd
in potato cultivation (7). Obtained values of spscdiver-
sity calculated with Shannon-Weaver and Simpsorexnd
clearly confirmed that pea crop was the most ditrac
habitat for ground beetles in this location. Pielodex was
the highest in the cultivation of field peas andiapo (0.31).

Organic farming influence positively through inasing
biotic diversity in comparison to conventional fangn [1].
For crop rotation within organic farms this positieffect
should be taken into account. Beneficial organisup-
ported with a proper crop rotation may have a hoygor-
tance in reducing pest populations and help in taaiimg
the ecological stability of the agroecosystem. Aparly
selected crop for rotation is a key issue for whexeiron-
ment and undoubtedly has a positive effect on tilegsial-
ity. It results in the presence of numerous soidfieial
arthropods such as ground beetles, rove beetlesiraoti-
nids. In the present study rotation consisted aof folant
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species, i.e. potato, oat, fodder peas and ryeo KR et al. that the density of plants per unit area [25] mayobe of
(2008) argue that greater diversity and abundante ¢he factors determining the activity and presende o
Carabidae occurs in simplified two-year crop ratatcom- Carabidae. These authors suggest that some speaiebe
pared to four-year crop within 'Norfolk' crop ratat. Re- closely related to habitaBembidion quadrimaculaturpre-
search conducted in Swojec and Kamieniec denissthiet  ferring light and well sunlit soil [15] is good axple. This
sis by a higher number of beetles than reportedited  species is very common in potato crops and oulteesan-
work [20]. In another study there was formulatethasis firm this thesis. In both locationBseudoophonus rufipes
that greater diversity of Carabidae was determimedrops was the dominant specids is an eurytopic species occur-
rapidly covering with plants [21, 23]. These reswonfirm  ring frequently in different habitats [12, 24]. rufipesis
the dependence due to the most numerous abundaace o also hemicarnivorous, which may have impact on cetu
thropods in oat and fodder peas cultivation. Kosawend the numerous of pests. Similar beneficial influentave
Nijak [24] in their study showed that a greateredsity of  other dominant species of Carabidae in organic ifagrfb,
species occurred in cereals. In other studies & feand 12, 18].

Table 2. Species composition and number of growsdlés caughtin organic fields at swojec
Tab. 2. sklad gatunkowy i liczebiddiegaczowatych odtowionych w uprawach ekologidzmga Swojcu

. Potato Oat Pea Winter Rye
Species
N*[ % [ N| % | N| % | N %
Pseudoophonus rufipébe Geer) 18129,4| 52 |1 26,5 35| 20,3 11| 14,6
Poecilus cupreytinnaeus) 9 (14,8 40| 20,4 28 | 16,2 10| 13,2
Poecilus lepiduglLeske) 1|16 37| 18,922|12,7 9 | 11,8
Agonum sexpunctatuthinnaeus) 51 26 2| 26
Harpalus affinis(Schrank) 3149 9] 46| 11 64 86 7.9
Bembidion properanéStephens) 7 (11,5 2010224 14| 6| 7,9
Bembidion quadrimaculatuifhinnaeus) 4 | 6,6 6| 3,1 7 41 5 6,4
Anchomenus dorsali®ontoppidan) 10| 5,1 8| 4,7 8 10%
Broscus cephalotgdinnaeus) 4166| 3| 15 8| 44 2 24
Poecilus versicolofSturm) 3115 3 174 2 26
Bembidion femoraturtSturm) 41 6,6 41 2,3
Microlestes minutulugGoeze) 582 1] 05 2l 2,6
Calathus ambiguu@Paykull) 3] 1,7 0
Calathus fuscipefGoeze) 105 1| 0,6 2| 2,6
Bembidion lamprogHerbst) 41 23] 3 4
Amara similata(Gyllenhal) 1116 21 1,2
Calathus erratugSahlberg) 2 12| 11 1,3
Amara aenedDe Geer) 0 1 1,3
Clivina fossor(Linnaeus) 2|33 1] 0,6
Ophonus brevicolligAudinet-Serville) 11 0,6 2| 26
Carabus nemoraligMuiller) 11 0,6
Cicindela hybrida(Linnaeus) 2| 1,2
Stenolophus teuton§Schrank) 1|05
Calosoma inquisitofLinnaeus) 11 0,6
Unidentified 3 49 8] 41 4 28 4 53
Total 61| 100|196| 100(172| 100| 76 | 100
No. species 11 13 20 16
Simpson's Index D 0,13 0,16 0,11 0,07
Shannon - Weaver Index H' 2,17 2,05 2,4% 2,58
Pielou Index J' 0,36 0,27 0,32 0,41

* number of Carabidaeliczebng¢ Carabidae
Source: Authors’ own researctZ¥odio: opracowanie wasne
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Table 3. Species composition and number of growsdlés caught in organic fields at Kamieniec Wrasld
Tab. 3. Sklad gatunkowy i liczelddiegaczowatych odtowionych w czterech uprawachogicznych w Kamiécu Wro-

ctawskim

Species Potato Oat Pea Winter Rye
N*] % | N| % | N| %| N %
Pseudoophonus rufipéBe Geer) 8 | 25,8 105|44,1| 63 | 39,1 50 | 30,3
Poecillus cupreugLinnaeus) 6 | 25| 24| 149 3 1,8
Poecillus lepidugLeske) 291 12,4 10| 6,2 2 1,2
Agonum sexpunctatuthinnaeus) 26| 109 3 | 1,9 56| 339
Harpalus affinis(Schrank) 39| 164 14| 8,71 5 3
Bembidion properanéStephens) 3197 5| 21 8 5 5 3
Bembidion quadrimaculatuifiLinnaeus) 134191 2 | 0,8 2| 12| 1 0,6
Anchomenus dorsal{®ontoppidan) 1132 3| 13| 4| 275 1 0,6
Amara communi§Panzer) 2108 1| 0,6/ 20 12,1
Broscus cephalotgdinnaeus) 21 1,2
Poecillus versicolofSturm) 3113] 1| 0, 2 1,2
Bembidion femoratur{Sturm) 2165 1] 04 2| 1,2
Microlestes minutulu§Goeze) 2165 11 0,6
Calathus ambiguu@Paykull) 2165 1] 04 3| 19 1 0,6
Calathus fuscipefGoeze) 1104 4] 25 1 0,6
Bembidion lamprogHerbst) 21 12 1 0,6
Amara similata(Gyllenhal) 11 04| 4| 25 1 0,6
Calathus erratugSahlberg) 4 | 1,7
Dolichus halensigSchaller) 21 1,2 3 1,8
Amara aenedDe Geer) 1104 2| 1,2 1 0,6
Clivina fossor(Linnaeus) 1| 06
Carabus granulatugLinnaeus) 1| 0,4 1| 0,6 1 0,8
Amara apricaria(Paykull) 21 12 1 0,6
Anisodactylus binotatu@-abricius) 1]104 1 0,6
Dyschirius globosugHerbst) 1104 1| 0,6
Cylindera germanicgLinnaeus) 11104 1 0,6
Dyschirius intermediugPutzeys) 2 1,2
Amara equestrigDuftschmid) 2 1,2
Carabus nemoraligMuller) 1104
Amara bifrongGyllenhal) 1104
Amara aulica(Panzer) 1]104
Loricera pillicornis (Fabricius) 1104
Amara plebejgGyllenhal) 1104
Calathus melanocephalykinnaeus) 1| 06
Pterostichus vernaligPanzer) 1 0,6
Pterostichus nige(Schaller) 1| 0,6
Badister bullatugSchrank) 1| 06
Agonum mueller{Herbst) 1 0,6
Harpalus rubripegDuftschmid) 1 0,6
Trechus quadristiatuéSchrank) 1| 06
Nieoznaczone Unidentified | 0|6
Total 31| 100| 238|100 |161] 100| 165]| 100
No. species 7 25 27 25
Simpson Index D 0,24 0,24 0,18 0,22
Shannon - Weaver Index H' 1,58 1,91 2,3 2,07
Pielou Index J' 0,31 0,25 0,31 0,27

*number of Carabidaeliczebna¢ Carabidae

4, Conclusions

1. Beneficial ground beetles arthropods were the mast
merous in organic farming in oat, while rove andcanids
in the fodder pea crop. Potato cultivation was ld@st at-

tractive for epigeic arthropods

2. The greatest species diversity of ground beetles w

found in cultivation of fodder peas. Organic potatdtiva-
tion had negative influence on diversity of thegarapods.
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