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Summary

The aim of the study was to evaluate the divedditgvertebrate groups in spring wheat cultivatadiifferent crop produc-

tion systems. The field experiment was establighel®94 in experimental plot at Agricultural Expesental Station of

IUNG-PIB Kepa in Osiny. The research was conducted in 2014201 spring wheat fields in organic, conventionatla

integrated systems. At designated points in eaah gkresearch, biological material was collectaging two methods:

sweep net and pitfall traps. The number of inveatds in each order was determined and compareayedlsas the variety

of orders. Simpson's diversity index and Shannagn@yis index were used to assess their diversitgpting wheat, about
two times more spiders and pollinating insects werand in organic system than in conventional amegdrated systems.
Beetles (Coleoptera) were the dominant group ofrit@brates in spring wheat in all crop productioystems. The highest
values of the Simpson and Shannon-Wiener's diyersiiexes calculated for invertebrate orders wezeorded in the or-

ganic system, while the smallest in the integratedem.
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OCENA ROZNORODNOSCI ZGRUPOWA N BEZKREGOWCOW W PSZENICY JAREJ
UPRAWIANEJ W RO ZNYCH SYSTEMACH PRODUKCJI RO SLINNEJ

Streszczenie

Celem prowadzonych badldyta ocena rénorodndgci zgrupowa bezkegowcdw w pszenicy jarej uprawianej wemgch
systemach produkgcji sbnnej. Do przeprowadzenia badavykorzystano daviadczenie polowe zatlone w 1994 r. w RZD
IUNG-PIB Kepa w Osinach. Badania prowadzono w latach 2014-2@d folach pszenicy jarej w systemie ekologicznym,
konwencjonalnym oraz integrowanym. W wyznaczonyetktach w kadym roku bada zbierano materiat biologiczny
czerpakiem entomologicznym oraz metpdtapek ziemnych. Olileno i poréwnano liczebrsé osobnikéw bezkgowcow

w poszczegodlnych gdach, a take r&norodno¢ rzedéw. Do oceny wykorzystano wshi réznorodngci Simpsona oraz
wskanik Shannona-Wienera. W pszenicy jarej uprawiake]agicznie stwierdzono okoto dwa razyedj pajkow i owa-
dow zapylagcych ni w systemach konwencjonalnym i integrowanym. Dgagaugrupg organizmow bezkgowych

w pszenicy jarej we wszystkich systemach produkdinnej byly chrzszcze (Coleoptera). Najésze wartéci wskanikow
réznorodnaci Simpsona oraz Shannona-Wienera wyliczone dldone bezkggowcow odnotowano w systemie ekologicz-
nym, natomiast najmniejsze w systemie integrowanym.

Stowa kluczowebezkegowce, ustugi ekosystemowe, pszenica jara, systevdykcii raslinnej

1. Introduction The purpose of the study was to assess the diyerfsi
invertebrate groups in spring wheat cultivated ifffiecent

In recent years, attention has been paid to thectdi .
crop production systems.

economic benefits of biodiversity conservation. Jeée
benefits are called ecosystem services. So farstemies
have shown that higher levels of biodiversity havposi-
tive effect on the level of these services [10,, Hi]t the The field experiment was established in 1994 ati-Ag
mechanisms underlying these dependencies are paarly cultural Experimental Station of IUNG-PIBelda in Osiny
ognized. The natural protection of plants from pemtd (Lublin province) and the aim was to compare défersys-
pathogens is one of the most important ecosystewices tems of crop production. The research was conduicted
in agrocenosis. It is based on specific quantiéatalation- 2014-2016 on spring wheat fields in organic, corioeal
ships between harmful and useful organisms. Researd and integrated systems. The experiment was cordlucte
implementation programs in this area often take iat- the soil of the rye good complex. The organic systeas
count only the simple relationships between indiwidspe- represented by the following crop rotation: potatspring
cies of the victims and their natural enemiespfiears that wheat + seed — mixture of clover with grass — deagal
the effectiveness of biological control is enhantgdthe legume mixture — winter wheat + catch crop. In oiga
simultaneous interaction of the entire predator pathsi- system no synthetic mineral fertilizers, pesticidasd
toid groups, whose abundance may be affected bgahe  growth regulators were used. Organic fertilizatiocluded
plexity of farmland and management intensity [9hfdftu-  the application of compost once in rotation forgtotcrop
nately, estimation of such complex interaction ifficllt in an amount of about 30h&*. Weed control mainly con-
and rarely undertaken, especially in different t/péagri- sisted of intensive mechanical procedures. Nitrogeads
cultural landscapes [11]. of plants were primarily satisfied by the bioloditénding

2. Materials and methods
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of this ingredient by the legume plants and the posh
used once in rotation.

The conventional system was represented by 34t
tion (rape — winter wheat — spring wheat. In tlystam inten-
sive production technologies were implemented.olyén fer-
tilization was based on dose rates for yield mazation.

The integrated system of 4-field crop rotationtgbo —
wheat — faba bean — winter wheat + catch crop)cliasac-
terized by a moderate use of industrial means adywtion.
Nitrogen fertilization was lower by about 30-40%wier
than in the conventional system.

On spring wheat fields at designated points irhegar
of study, a collection of biological material waariged out
using two methods: the sweep net and the pitialisr

Invertebrates (terrestrial) were caught usinghetetps.
Traps, or plastic containers of about 10 cm in digem
were placed in a straight line along the designateusects
at a distance of about 5 m from each other. Inyefield of
area of one hectare, 5 traps were set. Traps weptiezl
every 2 weeks from about the beginning of May tovést
of the wheat for a period of three years from 2@12016.

Plant inhabiting invertebrates were grasped with
sweep net. A heart-shaped net with two straigheedgas
used in the study. The collection consisted of abti
sided swing with a scoop of about 120 degrees. Eath
lection consisted of material derived from the pagssof
two parallel transects, in which a total of 50 spgevere
made, 25 in each transect. The collection wasezhout at
a distance of about 5 m from earth traps. Invesatesrwere
caught during the growing season at the same tsnepa
graphic invertebrates were collected.

All invertebrate individuals were counted and dete
mined to order. The number of invertebrates in eacler
was determined and compared, as well as the vasfety-
ders. Shannon-Weiner's and Simpson's diversity xexle
were used to evaluate diversity of the orders [6].

The analyzed data were characterized by norméi-dis
bution. In order to assess the significance ofdifferences,
a variance analysis was performed with using ANCA/A
LSD test. Mean squares (MS) and statistic value effew
calculated. Statistical tests were performed using
STATISTICA 7, whereas diversity indexes were cadoed
using PAST 3.

3. Results and discussion

Significant differences in the number of individkian
particular orders of invertebrates between companesd
tems of spring wheat production were found (Tableld
organic spring wheat, approximately twice as mapigess
(Araneae) were recorded than in conventional and-in
grated systems. Spiders are considered as one ghdist
important groups of antagonistic organisms in fetato
pests, especially in cereals, such as cereal apbidal leaf
beetle (Oulema melanopus and Q. gallaegid@a 7, 8].
More than twice as many pollinators (Hymenoptera an
Lepidoptera) were also found in the organic fieldzn in

aother fields Numerous studies indicate that organic farming

is characterized by a greater diversity of pollimahsects
than conventional systems [1, 3]. This is mainlg do the
greater diversity of segetal plants in organic syapclud-
ing a large group of flower plants [3]. The averagenber
of invertebrates trapped with pitfall traps and spieet in
spring wheat is shown in Table 1.

Beetles (Coleoptera), flies (Diptera), bugs (Hewig)
and spiders (Araneae) were on average the mostabtun
in all management systems. Among the beetles, tirg-C
somelidae and Carabidae families constituted thget
group. Among the bugs the most abundant was thersup
family Aphidoidea. Spiders were mainly representsd
families: Lycosidae, Linyphiidae and Araneidae.

Table 1. Average number and percentage share ividodls in orders in invertebrate groups in spnmgeat cultivated in

different crop production systems (2014-2016)

Tab. 1.Srednia liczba i procentowy udziat osobnikéw posgoéieych rzdéw w zgrupowaniach bezkyowcoéw w pszenicy
jarej uprawianej w rénych systemach produkcijistonej (2014-2016)

System of crop production
Invertebrate Organic Conventional Integrated
order number of share number of share number of share
individuals % individuals % individuals %
Acari 117.3 3.2 291.0 8.2 88.3 2.5
Araneae 654.3 18.1 305.0 8.6 384.0 111
Coleoptera 957.7 26.4 979.3 27.6 1068.0 30.8
Collembola 176.7 4.9 267.0 7.5 276.0 8.0
Dermaptera 0 0 0 0 0.7 >0.1
Diptera 751.0 20.7 813.7 22.9 983.7 28.4
Hemiptera 581.7 16.1 569.7 16.0 430.3 12.4
Hymenoptera 304.7 8.4 156.0 4.4 143.3 4.1
Isopoda 0 0 0.3 >0.1 0 0
Lepidoptera 29.3 0.8 14.3 0.4 10.3 0.3
Haplotaxida 4.0 0.1 13.3 0.4 2.7 0.1
Mecoptera 0 0 0.3 >0.1 0 0
Lithobiomorpha 0 0 0.3 >0.1 2.3 0.1
Neuroptera 6.3 0.2 8.0 0.2 2.0 0.1
Opiliones 16.3 0.5 5.0 0.1 2.0 0.1
Orthoptera 3.0 0.1 2.7 0.1 5.0 0.1
Siphonaptera 1.3 >0.1 2.0 0.1 3.7 0.1
Thysanoptera 17.3 0.5 124.0 3.5 65.3 1.9
Total 3620.9 100 3551.9 100 3467.6 100

Source: own work Zrodto: opracowanie wiasne

Pawet RADZIKOWSKI, Jarostaw STALENGA, Beata FELEDYN-SZEWCZYK ,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4)

108



The Simpson and Shannon-Wiener indexes were calcaenventional and integrated systems, the differeve® not

lated on the basis of the number of individual esd&he
average values of the indicators in the two cofidaneth-
ods were compared. In spring wheat, the largestoeurof
invertebrates in the organic system were colleatdg pit-
fall traps. Samples collected from the sweep nso a@h-
cluded, on average, more invertebrates in ecolbgica
grown wheat (Table 2). The statistically signifitatiffer-
ences are presented in Tables 3 and 4.

In samples collected using both methods: sweepmt
pitfall traps, more invertebrates were found in amig
spring wheat than in the other systems (FiguréOh)aver-
age, in organic wheat 577 specimens were colldntachet
and 1085 specimens in the traps. In the convertisys
tem, an average of 330 individuals were collectethé net
and 631 in the traps. In the integrated systematreage
number of individuals was 331 in the net and 658hia
traps, and it was approximately similar to the artional
system. On the basis of one-way analysis of vagiaievas
found that the plant production system was a fadiffer-
entiating the results obtained with both methodsb(@& 3).
On the basis of the LSD test, a statistically digant dif-
ference was found between the mean of organic rayatel
the conventional and integrated systems (Table 4).

In spring wheat, a total of 18 different invertater or-
ders were identified. The number of orders rangettvéen
12 and 16 in different agricultural systems in 2@D46.
Both in vegetation and trap samples, the averageoet of
orders was the highest in the ecological systemufei 2).
In the case of samples collected from vegetatioorganic,

statistically significant. Mean values from thefalit traps
were significantly higher in organic system thanoiter
crops (Table 4). There were no significant diffeembetween
the average number of orders in traps between otiowal
and integrated system. On the basis of the reshiiéned, the
distinctness of organic farming compared to thesiotiwo
management systems (Table 1, Figures 1 and jhtidtited.
Organic farming is characterized by a higher ratibeneficial
invertebrates (Araneae, Opiliones, Hymenopterathvpiays
an important role in the provision of ecosystenvises than
other plant production systems.

The highest values of Simpson's diversity indi&ig14
= 0.80, Sip15 = 0.85, Sip16 = 0.83) and Shannon-Wiener’'s
index values (H614 = 1.78, Ho15 = 2.03, Hgis = 195)
were found in organic system. The lowest valuedioér-
sity indices at the habitat level were characteriag crops
in the integrated system (Figure 2). There werteifices
in the diversity indices between various farmingtsyns in
both sweep net and pitfall traps (Figures 3 andir)}the
samples from traps, the significantly higher valoéshe
Simpson index and the Shannon-Wiener index weradou
in the organic management system of spring wheat- co
pared to the conventional and integrated systerabl€T4).
Significantly higher values of the Simpson and Stoem
Wiener's indices were also found in samples fromfiafbi
traps between conventional and integrated productics-
tems. In the sweep net samples the differenceseestw
production systems were not significant for bottligators
(Table 4).

Table. 2. Average values of invertebrate diversitlices in spring wheat in different crop produntgystems for two col-

lecting methods (2014-2016)

Tab. 2.Srednie wartdgci wskanikow ré&norodnaici bezkegowcoéw w pszenicy jarej wadych systemach produkciision-

nej dla dwoch metod zbioru (2014-2016)

. . Number of | Number of | Simpson’s Shannon-

Method of collection Farming system L . Wiener's

individuals orders index index

Organic 577.0 7.5 0.7 1.5

Sweep net Conventional 330.4 7.1 0.7 1.3
Integrated 331.8 7.4 0.7 1.4
Organic 1084.92 10.61 0.77 1.67
Pitfall traps Conventional 631.09 9.55 0.73 1.58
Integrated 622.71 9.81 0.68 1.43

Source: own work Zrodto: opracowanie wiasne

Table 3. Results of variance analysis for 4 indimeisivertebrate diversity in spring wheat in ditfat cropping systems for

two collecting methods *

Tab. 3. Wyniki analizy wariancji dla 4 wskakéw r&norodnaci bezkegowcow w pszenicy jarej w aidych systemach
produkcji raslinnej dla dwéch metod zbioru*

Method of collection Indicator MS F p

Number of individuals 147749.1 3.90 0.024

Numer of orders 1.542788 1.06 0.351

Sweep net Simpson’s index 0.010012 135 0.265
Shannon-Wiener's index 0.050203 1.68 0.193

Number of individuals 283902.6 7.95 0.001

Pitfall traps Nlumer of o.rders 1.884776 5.55 0.005
Simpson’s index 0.003628 12.89 >0.001
Shannon-Wiener's index 0.03095 11.99 >0.0p1

* Relatively significant correlations with p <0.9&ere highlighted in red
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Table 4. Results of LSD test for 4 indices of ingbrate diversity in spring wheat in different goopgy systems for two col-

lecting methods *

Tab. 4. Wyniki testu NIR dla 4 wgki&ow r&norodnaci bezkegowcdw w pszenicy jarej wadych systemach produkciji
roslinnej dla dwoch metod zbioru*

Method . Indicator Farming system Organic Conventional Integrated
of collection
Nurmber Organic . - 0.013 0.044
of individuals Conventional 0.013 - 0.991
Integrated 0.044 0.991 -
Number Organic _ - 0.156 0.767
of orders Conventional 0.156 - 0.399
Sweep net Integra}ted 0.767 0.399 -
Simpson’s Organic _ - 0.149 0.209
index Conventional 0.149 - 0.933
Integrated 0.209 0.933 -
Shannon- Organic . - 0.074 0.346
Wiener's index Conventional 0.074 - 0.610
Integrated 0.346 0.610 -
Number Organic _ - 0.001 0.002
of individuals Conventional 0.001 - 0.955
Integrated 0.002 0.955 -
Nurmber Organic . - 0.002 0.036
of orders Conventional 0.002 - 0.493
Pitfall traps Integra_tted 0.036 0.493 -
Simpson’s Organic . - >0.001 >0.001
index Conventional >0.001 - 0.017
Integrated >0.001 0.017 -
Shannon- Organic _ - 0.041 >0.001
Wiener's index Conventional 0.041 - 0.003
Integrated >0.001 >0.003 -

* Relatively significant correlations with p <0.0&re highlighted in red
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Fig. 1. Mean and standard error for the numbendividuals collected by the sweep net method atfdlpiraps in differ-
ent spring wheat cultivation systems
Rys. 1Srednia i bid standardowy dla liczby osobnikéw zebranych metagérpaka entomologicznego i putapek ziemnych
w réznych systemach gospodarowania w uprawie pszeniey ja
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Number of invertebrate orders
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Fig. 2. Mean and standard error of the number dé of invertebrates in different spring wheat agment systems in
samples collected using sweep net and pitfall traps

Rys. 2Srednia i bld standardowy liczby edléw w rénych systemach gospodarowania w pszenicy jarejolvguh zebra-
nych za pomagczerpaka entomologicznego i putapek ziemnych
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Fig. 3. Mean and standard error of Simpson's dityeirsdex in samples from pitfall traps and sweep collected in differ-
ent spring wheat management systems

Rys. 3.Srednia i bhd standardowy wskaika ré&norodnaci Simpsona w prébach z putapek ziemnych i czerpaksmo-
logicznego, zebranych warych systemach gospodarowania w pszenicy jarej
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Fig. 4. Mean and standard error of the Shannon-&vigrdiversity index in samples from pitfall trapad sweep net in

spring wheat in different management systems

Rys. 4Srednia i bid standardowy wskaika ré&norodndgci Shannona-Wienera w probach z putapek ziemnygezerpaka
entomologicznego w pszenicy jarej wimpch systemach gospodarowania

The results indicate that the production systerm &a
greater effect on invertebrates that settle thessoface in
spring wheat than on plant-based organisms. Tlierdifce
may be due to the density of the vegetation inipddr
crops. Conventional crops are typically denselynyad and
have a better coverage of vegetation, limitingaheess of
light to the soil, indirectly influencing thermopibiinverte-
brates. According to the results, the structurehef field
vegetation resulting from the differences betwemn gys-
tems does not affect the diversity of the plantedasiver-
tebrates. Another reason for the difference betwkerim-
pact of systems on plant and terrestrial invertelsraan be
the poor efficiency of sweep net sampling in devesgeta-
tion [4].

2. The dominant group of invertebrates in springeathin
all plant production systems comprised beetles Q!
tera) They accounted for about 30% of the total inverte-
brate groups.

3. On average, the largest number of invertebratestheir
greatest diversity measured by the number of orders
found in the organic system.

4. The highest values of the Simpson and Shannan&vi
diversity indices calculated for invertebrate osdesere re-
corded in the organic system, while the lowesthia inte-
grated system.

5. The results indicate that only complete abandomrof
mineral fertilization and pesticide use in the migasystem
has a significant effect measured by higher ditgisdica-

Small differences between the conventional and-int tors values.

grated systems can be explained by the presenteeok
sive production in the integrated system (mineeatilfza-
tion, pesticides), which adversely affect bioditgrgd5].
The presence of these factors, despite their ltmitge, can
have a significant impact on invertebrate poputatibving
in the wheat cultivated in this system. The resuiticate
that only complete abandonment of mineral fertilaaand
pesticide use in the organic system has a signifieffect
measured by higher diversity indicators values.

4. Conclusions

1. In winter wheat, approximately twice as manydsps
and pollinating insects (Hymenoptera and Lepidajter
were found in organic wheat than in conventional ane-
grated systems.
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