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EVALUATION OF THE DIVERSITY OF INVERTEBRATES ASSEMBLAGES IN SPRING
WHEAT CULTIVATED IN DIFFERENT CROP PRODUCTION SYSTEMS

Summary

The aim of the study was to evaluate the diversity of invertebrate groups in spring wheat cultivated in different crop produc-
tion systems. The field experiment was established in 1994 in experimental plot at Agricultural Experimental Station of
IUNG-PIB Kepa in Osiny. The research was conducted in 2014-2016 on spring wheat fields in organic, conventional and
integrated systems. At designated points in each year of research, biological material was collected, using two methods:
sweep net and pitfall traps. The number of invertebrates in each order was determined and compared, as well as the variety
of orders. Simpson's diversity index and Shannon-Wiener's index were used to assess their diversity. In spring wheat, about
two times more spiders and pollinating insects were found in organic system than in conventional and integrated systems.
Beetles (Coleoptera) were the dominant group of invertebrates in spring wheat in all crop production systems. The highest
values of the Simpson and Shannon-Wiener’s diversity indexes calculated for invertebrate orders were recorded in the or-
ganic system, while the smallest in the integrated system.
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OCENA ROZNORODNOSCI ZGRUPOWAN BEZKREGOWCOW W PSZENICY JAREJ
UPRAWIANEJ W ROZNYCH SYSTEMACH PRODUKCJI ROSLINNEJ

Streszczenie

Celem prowadzonych badan byla ocena roznorodnosci zgrupowan bezkregowcow w pszenicy jarej uprawianej w roznych
systemach produkcji roslinnej. Do przeprowadzenia badan wykorzystano doswiadczenie polowe zatozone w 1994 r. w RZD
IUNG-PIB Kepa w Osinach. Badania prowadzono w latach 2014-2016 na polach pszenicy jarej w systemie ekologicznym,
konwencjonalnym oraz integrowanym. W wyznaczonych punktach w kazdym roku badan zbierano material biologiczny
czerpakiem entomologicznym oraz metodq pulapek ziemnych. Okreslono i porownano liczebnosc osobnikow bezkregowcow
w poszczegolnych rzedach, a takze roznorodnosé rzedow. Do oceny wykorzystano wskaznik roznorodnosci Simpsona oraz
wskaznik Shannona-Wienera. W pszenicy jarej uprawianej ekologicznie stwierdzono okoto dwa razy wiecej pajgkéw i owa-
dow zapylajqcych niz w systemach konwencjonalnym i integrowanym. Dominujgcg grupg organizmow bezkregowych
w pszenicy jarej we wszystkich systemach produkcji roslinnej byly chrzgszcze (Coleoptera). Najwyzsze wartosci wskaznikéw
roznorodnosci Simpsona oraz Shannona-Wienera wyliczone dla rzedow bezkregowcow odnotowano w systemie ekologicz-
nym, natomiast najmniejsze w systemie integrowanym.

Stowa kluczowe: bezkregowce, ustugi ekosystemowe, pszenica jara, systemy produkcji roslinnej

1. Introduction The purpose of the study was to assess the diversity of

In recent years, attention has been paid to the direct invertebrate groups in spring wheat cultivated in different

economic benefits of biodiversity conservation. These ben-
efits are called ecosystem services. So far few studies have
shown that higher levels of biodiversity have a positive ef-
fect on the level of these services [10, 11], but the mecha-
nisms underlying these dependencies are poorly recognized.
The natural protection of plants from pests and pathogens is
one of the most important ecosystem services in agroceno-
sis. It is based on specific quantitative relationships be-
tween harmful and useful organisms. Research and imple-
mentation programs in this area often take into account only
the simple relationships between individual species of the
victims and their natural enemies. It appears that the effec-
tiveness of biological control is enhanced by the simultane-
ous interaction of the entire predator and parasitoid groups,
whose abundance may be affected by the complexity of
farmland and management intensity [9]. Unfortunately, es-
timation of such complex interaction is difficult and rarely
undertaken, especially in different types of agricultural
landscapes [11].
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crop production systems.

2. Materials and methods

The field experiment was established in 1994 at Agri-
cultural Experimental Station of IUNG-PIB Kgpa in Osiny
(Lublin province) and the aim was to compare different sys-
tems of crop production. The research was conducted in
2014-2016 on spring wheat fields in organic, conventional
and integrated systems. The experiment was conducted on
the soil of the rye good complex. The organic system was
represented by the following crop rotation: potato — spring
wheat + seed — mixture of clover with grass — cereal and
legume mixture — winter wheat + catch crop. In organic
system no synthetic mineral fertilizers, pesticides and
growth regulators were used. Organic fertilization included
the application of compost once in rotation for potato crop
in an amount of about 30 t-hat. Weed control mainly con-
sisted of intensive mechanical procedures. Nitrogen needs
of plants were primarily satisfied by the biological binding
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of this ingredient by the legume plants and the compost
used once in rotation.

The conventional system was represented by 3-field rota-
tion (rape — winter wheat — spring wheat. In this system inten-
sive production technologies were implemented. Nitrogen fer-
tilization was based on dose rates for yield maximization.

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

On spring wheat fields at designated points in each year
of study, a collection of biological material was carried out
using two methods: the sweep net and the pitfall traps.

Invertebrates (terrestrial) were caught using earth traps.
Traps, or plastic containers of about 10 cm in diameter,
were placed in a straight line along the designated transects
at a distance of about 5 m from each other. In every field of
area of one hectare, 5 traps were set. Traps were emptied
every 2 weeks from about the beginning of May to harvest
of the wheat for a period of three years from 2014 to 2016.

Plant inhabiting invertebrates were grasped with an
sweep net. A heart-shaped net with two straight edges was
used in the study. The collection consisted of a double-
sided swing with a scoop of about 120 degrees. Each col-
lection consisted of material derived from the passage of
two parallel transects, in which a total of 50 sweeps were
made, 25 in each transect. The collection was carried out at
a distance of about 5 m from earth traps. Invertebrates were
caught during the growing season at the same time as epi-
graphic invertebrates were collected.

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

The analyzed data were characterized by normal distri-
bution. In order to assess the significance of the differences,
a variance analysis was performed with using ANOVA and
LSD test. Mean squares (MS) and statistic value F were
calculated. Statistical tests were performed using
STATISTICA 7, whereas diversity indexes were calculated
using PAST 3.

3. Results and discussion

Significant differences in the number of individuals in
particular orders of invertebrates between compared sys-
tems of spring wheat production were found (Table 1). In
organic spring wheat, approximately twice as many spiders
(Araneae) were recorded than in conventional and integrat-
ed systems. Spiders are considered as one of the most im-
portant groups of antagonistic organisms in relation to
pests, especially in cereals, such as cereal aphid, cereal leaf
beetle (Oulema melanopus and Q. gallaeciana) [2, 7, 8].
More than twice as many pollinators (Hymenoptera and
Lepidoptera) were also found in the organic fields than in
other fields. Numerous studies indicate that organic farming
is characterized by a greater diversity of pollinator insects
than conventional systems [1, 3]. This is mainly due to the
greater diversity of segetal plants in organic crops, includ-
ing a large group of flower plants [3]. The average number
of invertebrates trapped with pitfall traps and sweep net in
spring wheat is shown in Table 1.

Beetles (Coleoptera), flies (Diptera), bugs (Hemiptera)
and spiders (Araneae) were on average the most abundant
in all management systems. Among the beetles, the
Chrysomelidae and Carabidae families constituted the larg-
est group. Among the bugs the most abundant was the su-
perfamily Aphidoidea. Spiders were mainly represented by
families: Lycosidae, Linyphiidae and Araneidae.

Table 1. Average number and percentage share of individuals in orders in invertebrate groups in spring wheat cultivated in

different crop production systems (2014-2016)

Tab. 1. Srednia liczba i procentowy udzial osobnikéw poszczegdlnych rzedéw w zgrupowaniach bezkregowcow w pszenicy
Jjarej uprawianej w réznych systemach produkcji roslinnej (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 11.1
Coleoptera 957.7 26.4 979.3 27.6 1068.0 30.8
Collembola 176.7 4.9 267.0 75 276.0 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 0.8 143 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 35 65.3 1.9
Total 3620.9 100 3551.9 100 3467.6 100
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The Simpson and Shannon-Wiener indexes were calcu-
lated on the basis of the number of individual orders. The
average values of the indicators in the two collected meth-
ods were compared. In spring wheat, the largest number of
invertebrates in the organic system were collected using pit-
fall traps. Samples collected from the sweep net also in-
cluded, on average, more invertebrates in ecologically
grown wheat (Table 2). The statistically significant differ-
ences are presented in Tables 3 and 4.

In samples collected using both methods: sweep net and
pitfall traps, more invertebrates were found in organic
spring wheat than in the other systems (Figure 1). On aver-
age, in organic wheat 577 specimens were collected in a net
and 1085 specimens in the traps. In the conventional sys-
tem, an average of 330 individuals were collected in the net
and 631 in the traps. In the integrated system, the average
number of individuals was 331 in the net and 658 in the
traps, and it was approximately similar to the conventional
system. On the basis of one-way analysis of variance, it was
found that the plant production system was a factor differ-
entiating the results obtained with both methods (Table 3).
On the basis of the LSD test, a statistically significant dif-
ference was found between the mean of organic system and
the conventional and integrated systems (Table 4).

In spring wheat, a total of 18 different invertebrate or-
ders were identified. The number of orders ranged between
12 and 16 in different agricultural systems in 2014-2016.
Both in vegetation and trap samples, the average number of
orders was the highest in the ecological system (Figure 2).
In the case of samples collected from vegetation in organic,

conventional and integrated systems, the difference was not
statistically significant. Mean values from the pitfall traps
were significantly higher in organic system than in other
crops (Table 4). There were no significant differences between
the average number of orders in traps between conventional
and integrated system. On the basis of the results obtained, the
distinctness of organic farming compared to the other two
management systems (Table 1, Figures 1 and 2) is highlighted.
Organic farming is characterized by a higher ratio of beneficial
invertebrates (Araneae, Opiliones, Hymenoptera) which plays
an important role in the provision of ecosystem services than
other plant production systems.

The highest values of Simpson's diversity indices (Sizo14
= 0.80, Si2015 = 0.85, Si2016 = 0.83) and Shannon-Wiener’s
index values (H'2014 = 1.78, H'015 = 2.03, H'o016 = 1.95)
were found in organic system. The lowest values of diversi-
ty indices at the habitat level were characterized by crops in
the integrated system (Figure 2). There were differences in
the diversity indices between various farming systems in
both sweep net and pitfall traps (Figures 3 and 4). In the
samples from traps, the significantly higher values of the
Simpson index and the Shannon-Wiener index were found
in the organic management system of spring wheat com-
pared to the conventional and integrated systems (Table 4).
Significantly higher values of the Simpson and Shannon-
Wiener’s indices were also found in samples from pitfall
traps between conventional and integrated production sys-
tems. In the sweep net samples the differences between
production systems were not significant for both indicators
(Table 4).

Table. 2. Average values of invertebrate diversity indices in spring wheat in different crop production systems for two col-

lecting methods (2014-2016)

Tab. 2. Srednie wartosci wskaznikéw réznorodnosci bezkregowcow w pszenicy jarej w réznych systemach produkcji roslin-

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 15
Sweep net Conventional 330.4 7.1 0.7 1.3
Integrated 331.8 7.4 0.7 14
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 / Zrédto: opracowanie wlasne

Table 3. Results of variance analysis for 4 indices of invertebrate diversity in spring wheat in different cropping systems for

two collecting methods *

Tab. 3. Wyniki analizy wariancji dla 4 wskaznikow réznorodnosci bezkregowcow w pszenicy jarej w réznych systemach

produkcji roslinnej dla dwoch metod zbioru*

Method of collection Indicator MS F p
Number of individuals 147749.1 3.90 0.024
Sweep net N.umer of o.rders 1.542788 1.06 0.351
Simpson’s index 0.010012 1.35 0.265
Shannon-Wiener’s index 0.050203 1.68 0.193
Number of individuals 283902.6 7.95 0.001
pitall traps N.umer 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 >0.001

* Relatively significant correlations with p <0.05 were highlighted in red
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Table 4. Results of LSD test for 4 indices of invertebrate diversity in spring wheat in different cropping systems for two col-
lecting methods *

Tab. 4. Wyniki testu NIR dla 4 wskaznikéw réznorodnosci bezkregowcéw w pszenicy jarej w réznych systemach produkcji
roslinnej dla dwoch metod zbioru*

Method . Indicator Farming system Organic Conventional Integrated
of collection
Number 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 Integrgted 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 -
Numb Organic - 0.001 0.002
of iy o | Conventional 0.001 - 0.955
Integrated 0.002 0.955 -
Number Organic . - 0.002 0.036
of orders Conventional 0.002 - 0.493
pitfall traps Integre_lted 0.036 0.493 -
Simpson’s Organic . - >0.001 >(.001
index Conventional >0.001 - 0.017
Integrated >0.001 0.017 -
Shannon- Organic i - 0.041 >(.001
Wiener’s index Conventional 0.041 - 0.003
Integrated >0.001 >0.003 -

* Relatively significant correlations with p <0.05 were highlighted in red
Source: own work / Zrédlo: opracowanie wlasne
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Fig. 1. Mean and standard error for the number of individuals collected by the sweep net method and pitfall traps in differ-
ent spring wheat cultivation systems

Rys. 1. Srednia i blgd standardowy dla liczby osobnikéw zebranych metodq czerpaka entomologicznego i pulapek ziemnych
w réznych systemach gospodarowania w uprawie pszenicy jarej
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Fig. 2. Mean and standard error of the number of orders of invertebrates in different spring wheat management systems in
samples collected using sweep net and pitfall traps

Rys. 2. Srednia i blgd standardowy liczby rzedéw w réznych systemach gospodarowania w pszenicy jarej w prébach zebra-
nych za pomocq czerpaka entomologicznego i pulapek ziemnych

Simpson's diversity index
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Fig. 3. Mean and standard error of Simpson's diversity index in samples from pitfall traps and sweep net collected in differ-
ent spring wheat management systems

Rys. 3. Srednia i blgd standardowy wskaznika réznorodnosci Simpsona w prébach z pulapek ziemnych i czerpaka entomo-
logicznego, zebranych w réznych systemach gospodarowania w pszenicy jarej
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Fig. 4. Mean and standard error of the Shannon-Wiener’s diversity index in samples from pitfall traps and sweep net in

spring wheat in different management systems

Rys. 4. Srednia i blgd standardowy wskaznika réznorodnosci Shannona-Wienera w prébach z pulapek ziemnych i czerpaka
entomologicznego w pszenicy jarej w roznych systemach gospodarowania

The results indicate that the production system has a
greater effect on invertebrates that settle the soil surface in
spring wheat than on plant-based organisms. The difference
may be due to the density of the vegetation in particular
crops. Conventional crops are typically densely planted and
have a better coverage of vegetation, limiting the access of
light to the soil, indirectly influencing thermophilic inverte-
brates. According to the results, the structure of the field
vegetation resulting from the differences between the sys-
tems does not affect the diversity of the plant-based inver-
tebrates. Another reason for the difference between the im-
pact of systems on plant and terrestrial invertebrates can be
the poor efficiency of sweep net sampling in dense vegeta-
tion [4].

Small differences between the conventional and inte-
grated systems can be explained by the presence of inten-
sive production in the integrated system (mineral fertiliza-
tion, pesticides), which adversely affect biodiversity [5].
The presence of these factors, despite their limited use, can
have a significant impact on invertebrate populations living
in the wheat cultivated in this system. The results indicate
that only complete abandonment of mineral fertilization and
pesticide use in the organic system has a significant effect
measured by higher diversity indicators values.

4. Conclusions
1. In winter wheat, approximately twice as many spiders
and pollinating insects (Hymenoptera and Lepidoptera)

were found in organic wheat than in conventional and inte-
grated systems.
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2. The dominant group of invertebrates in spring wheat in
all plant production systems comprised beetles (Coleop-
tera). They accounted for about 30% of the total inverte-
brate groups.

3. On average, the largest number of invertebrates and their
greatest diversity measured by the number of orders were
found in the organic system.

4. The highest values of the Simpson and Shannon-Wiener
diversity indices calculated for invertebrate orders were
recorded in the organic system, while the lowest in the inte-
grated system.

5. The results indicate that only complete abandonment of
mineral fertilization and pesticide use in the organic system
has a significant effect measured by higher diversity indica-
tors values.
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