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Impact of agricultural and tillage systems
on the main pests of winter wheat

Abstract. The intensification of agriculture has some adverse consequences, and the preservation
of land resources during their active exploitation is a vital issue today, given the ever-increasing
need to increase food supply. The world practice of organic farming shows limited regulation of
the number of pests of agricultural crops. Artificially increasing natural enemies and altering the
landscape to enhance biological control is not a popular solution and has controversial effectiveness.
The number of winter wheat entomocomplex was monitored according to generally accepted
methods on 48 plots, where 12 variants were placed in 4 repetitions during 2019-2021. This paper
presents the results of a study indicating a substantial impact of agricultural systems on the main
pests of winter wheat and the ability to control their numbers according to the ecological system at
the level of the economic threshold of harmfulness. Tillage variants did not regulate the number of
Schizaphis graminum R., Eurygaster integriceps R. and Oulema melanopus L., while chisel tillage at
20-22 cm regulated the number of Anisoplia austriaca N. and Haplothrips tritici Kurd at the level of
the control (ploughing) in all years of observations. In the case of surface cultivation of the soil to a
depth of 6-8 cm, the number of these pests increased substantially, and was on average at 2.0 and
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14 4 specimens/m?, respectively. Thus, the highlighted data confirm the effectiveness of reducing the
multiplicity of insecticidal treatments of winter wheat in the ecological system without increasing
the risks of crop loss due to pest damage to plants in combination with chisel tillage

Keywords: phytophages; chisel; ploughing; disking; ecological cultivation of winter wheat

RELEVANCE

According to the UN forecast, by 2050, pop-
ulation growth will lead to an increase in de-
mand for food, including cereals, up to 46%
(M.C. Hunter et al. 2017). The productivity of
winter wheat depends on the use of modern in-
tensive cultivation technology, where one of the
determining factors is the management of the
dynamics of harmful organisms and the use of
modern plant protection products. However, the
choice of intensive tillage and application of in-
secticides can adversely affect the functional di-
versity of soil communities and their abundance
(J.G. Zaller et al., 2016.)

Given the tendency to minimize the main
tillage and reduce the use of pesticides, there is
aneed to find new, balanced approaches to solv-
ing the problem of protecting winter wheat from
pests and increasing its productivity.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

The difficulty in making decisions regarding the
protection of crops from pests lies in the lack of
monitoring and the uneven understanding of the
economic threshold of harmfulness (ETH) ac-
cording to different phenological phases of plant
development, the effectiveness of preparations
and various natural zones (VM. Chaika et al,
2014). According to some data (S. Stankevich,
2016), the ETH of cereal aphid on winter wheat in
the earing phaseis 5-10 pcs./stem, and according
to others - 20-25 specimens/ear (VP. Omelyuta,
1986). The economic threshold of harmfulness
of the imago of a sunn pest in the phase of stem
elongation in these authors also ranges from
1 to 4 specimens/m? Therefore, agricultural
producers often introduce insecticides in re-
sponse to any potential economic threat, rather
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than as a last resort. The intensity and exces-
sive use of chemical plant protection products
creates adverse consequences for the environ-
ment, including the destruction of beneficial
entomofauna. According to the authors (Sabluk
et al, 2021), the number of the latter in the sow-
ing of crops under the organic farming system
was substantially higher than in the industrial
system, which ensured that the pest popula-
tion was reduced by half. Many field studies on
the effectiveness of the implementation of the
practice of intercropping flowering plants to
create a shelter and additional food source for
entomophages and, as a result, increase their
number and regulation of phytophages showed
somewhat inconsistent and sometimes incon-
clusive results (Schipanski et al, 2014; Gontijo
et al, 2018). Researchers (Buchanan § Hooks,
2018) found that mixed cover crops of barley and
clover did not attract entomophages and did not
regulate pest populations, while increasing the
abundance of the Carabidae family in organic
farming systems did not provide sufficient reg-
ulation of phytophagous populations (Birkhofer
et al., 2008). Research in organic crop rotation
at PE “Agroecology” shows a reduction in winter
wheat crop losses from Heteroptera bugs and
Anisoplia austriaca due to sowing with spring
wheat, the grain of which is used for fodder
(V.M. Pysarenko et al. 2020).

The results of some studies show that often
the authors do not correlate the increase in the
number of natural enemies with the decrease in
damage to plants by phytophages (Cloyd, 2020).
The study results regarding the influence of the
depth and method of soil cultivation as a factor
that can reduce the number of phytophages are
equally ambiguous. The study (0.M. Yakovenko,
2017) showed that the population of Elateridae

@



Impact of agricultural and tillage systems on the main pests of winter wheat

under the conventional tillage system was 5.2
specimens/m?, under systems with mini-till el-
ements — 8.0 specimens/m?, while the conserva-
tion tillage system reduced the number of phy-
tophages to 4.6 specimens/m?.

An analysis of 30 publications from 1990 to
2017 (Rowen et al., 2020), despite the expectation
that soil pests would be particularly sensitive to
habitat change, did not reveal any considerable
differences in pest numbers in systems with
different methods and depth of tillage, even us-
ing no-till technology. An interesting fact is that
pests whose life cycle does not pass in the soil
and most of which are r-strategists were consid-
erably inferior in numbers in systems with low
intensity of cultivation and increased the popu-
lation in conventional systems.

Understanding the specific features of the
biology of winter wheat pests allows identifying
the optimal and critical stages of their develop-
ment, which, together with crop rotation, tillage,
and greening of agriculture, enables effective
regulation of their number.

The purpose of this study was to establish
the impact of minimizing the main tillage under
various farming systems on the number of main
phytophagous winter wheat.

MATERIALS AND METHODS

The study was conducted during 2019-2021 in
the conditions of the stationary field of the De-
tached Division of the National University of Life
and Environmental Sciences of Ukraine “Agro-
nomic Research Station”. The species composi-
tion and number of pests of Linus winter wheat

were determined according to generally ac-
cepted entomological methods (V.P. Omelyuta,
1986; S. Stankevich, 2016) according to species.
Scheme of a two-factor experiment: factor A -
three farming systems: industrial, ecological,
and biological. Factor B - variants of the main
tillage of the soil: ploughing at 20-22 cm (con-
trol), tillage without shelves (chiselling at 20-
22 cm), shallow tillage at 10-12 cm (disc harrow),
surface tillage at 6-8 cm (disc harrow).

The insecticide “Pirinex Super” (chlorpy-
rifos, 400 g/l + bifenthrin, 20 g/l) was applied
in the BBCH phase 31 (first node) and BBCH
53 (30% of inflorescence emerged) at the rate
of 1 l/ha under the industrial farming system,
marginal spraying with the preparation of plots
under ecological conditions - 0.8 1/ha. The bio-
logical system of agriculture did not make provi-
sion for the introduction of chemical protection
preparations.

The soils of the experimental plots are typical
medium-loamy chernozem. The content of hu-
mus in the arable layer of the soil is 4.38-4.53%,
the pH of the salt extract ranges from 6.9 to 7.3.

The experiment was based on the method
of split areas. There were 48 sections in total,
where 12 variants were placed in 4 repetitions.
The total area of the experimental plot is 93.6 m?,
and the accounting plotis 75 m?2.

The typicality of the weather conditions of
the northern Forest-Steppe of Ukraine is de-
termined by three elements, such as the sum of
active temperatures (SAT), the amount of pre-
cipitation, and a general indicator - the hydro-
thermal coefficient (HTC) (Table 1).

Table 1. Distribution of key weather conditions indicators, 2019-2021

Average over Average multi-
Indicator 2019 2020 2017 the years of the 8
. year rate
experiment
SAT, >10°C 3,090.0 3,099.3 2,8973 3,028.8 3,007.5

Total

precipitation, 352 326 299 3256 310.3
mm
HTC 114 105 103 1 104
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RESULTS

Entomocomplexes of winter wheat are con-
stantly in a dynamic state depending on the
average annual temperature indicators, precip-
itation, farming systems, crop rotation, etc. The
analysis of HTC according to the adequacy indi-
cator (K) showed that the years of experiment
differed substantially in terms of monthly val-
ues. Specifically, the spring months of 2019 were
excessively wet (K = 17 and 0.8), which is not
typical of multi-year data, while June and Au-
gust were dry (K, = -0.2), which is optimal for this
period. April and May 2020 were excessively wet,
while K, = 0.9 and K, = 2.0 were substantially and
extremely different from the long-term norm.
The summer months were tendentiously dry
(Ki= -04;-0.3;-0.5).

The beginning of the growing season of 2021
according to HTC indicators was comparable
with 2019 with an extremely wet April (K, = 4.2),
June is tendentiously dry (K, = -0.9), while July

Thysanoptera
31,40%

Other
1,03%

Coleoptera
8,51%

Hemipterl

6,05%

and August showed optimal conditions to mul-
ti-year indicators (K, = 0.0 and 0.2).

The rate of development of the sunn pest
depends on the hydrothermal conditions of the
spring-summer period, dry summer months
can lead to the death of 75-95% of the eggs of
the Anisoplia austriaca, therefore the analysis of
weather conditions is an essential factor in pre-
venting outbreaks of pests.

The species composition of phytophages can
vary duetomigration fromotherbiotypesandvary
depending on the phase of wheat development, so
for the choice of chemical protection, it is primar-
ily important to identify constant and dominant
species that cause considerable crop losses. Ac-
cording to the study results, the main pests of win-
ter wheat in the spring and summer period were
identified as follows: wheat aphids (Schizaphis
graminumR.), sunn pest (EurygasterintegricepsR.),
cerealleaf beetle (Oulema melanopus L.), Anisoplia
austriaca N. and Haplothrips tritici Kurd. (Fig. 1).

\\ l

Homoptera
53,01%

Figure 1. The structure of the entomocomplex of the main pests of winter wheat in the Detached
Division of NULES of Ukraine “Agronomic Research Station”, 2019-2021

The analysis of the species composition
of pests shows that, in percentage terms, the
main number of phytophages belonged to the
orders Homoptera and Thysanoptera - 53.01%
and 314%, respectively. Representatives of the
Coleoptera order were less numerous - 8.51%,
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specifically 53.47% of the order was accounted
for by Oulema melanopus, the rest by Anisoplia
austriaca. The smallest number over the years
of observation was the sunn pest of the Hemip-
tera order - 6.05%. Such phytophages as Cephus
pygmeus and Zabrus tenebrioides were sparsely
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present in winter wheat crops and did not pose a
threat to the crop.

It is generally accepted that the main tillage
has a considerable impact on the regulation of
the number of pests of agricultural crops, and
tillage, as an independent agrotechnical meth-
od of controlling winter wheat phytophages, is
not used in modern crop cultivation technolo-
gy. However, farmers introduce insecticides in
response to any potential economic threat, and
not as a last resort, and systematically work to
prevent exceeding the threshold of harmfulness.
Statistical analysis of the obtained data showed

that the number of all pests was significantly
affected by agricultural systems (factor A). The
industrial model turned out to be the best farm-
ing system in terms of its impact on the number
of pest populations. The biological system showed
the inability to effectively control the population of
winter wheat phytophages (Table 2). According to
the authors’ observations, populations of natural
enemies without increasing the availability of
flowering plants, landscape diversity or the use of
cover crops are incapable of effective regulation
of insect pests, which confirms the data of other
researchers (McGuire, 2017).

Table 2. Total pest density of winter wheat under various farming systems (2019-2021)

=3 I o
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=% i3] g 9 o
) ] = g 2
g & 8 S o
) Q o
£ S o 2 | £E
Agriculture g 3 % 2 a2
system Main tillage variants (Factor B) o S'E & 9 =
(Factor A) = 8 g o ‘50
=) Y] =) a o 9
=] T (©) G o £
Q — [l ) do) @
o o o o g
= 5 o 2 5
<, S st e z
< E g 3
z Z =
Ploughing at 20-22 cm (control) 24 06 0.2 01 0.8
Chiselling at 20-22 cm 2.8 10 03 0.0 07
Industrial (c)
Shallow 12-14 cm 25 0.8 03 01 10
Surface area 6-8 cm 34 13 0.2 0.2 14
Ploughing at 20-22 cm (control) 174 16 12 06 6.3
Chiselling at 20-22 cm 16.8 19 09 08 7.8
Ecological
Shallow 12-14 cm 16.6 18 12 0.8 10.6
Surface area 6-8 cm 187 22 10 13 115
Ploughing at 20-22 cm (control) 287 31 31 23 13.2
Chiselling at 20-22 cm 329 31 30 24 130
Biological
Shallow 12-14 cm 296 29 34 24 256
Surface area 6-8 cm 345 33 31 44 30.2
LSD,, (A) 32 06 07 06 2.8

(2)
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Table 2. Continued
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There was a significant influence of the
main tillage options on limiting the number of
beetles and Thysanoptera, while the number of
Aphidoidea, Heteroptera, and cereal leaf bee-
tles for all tillage options was within random
deviations. On average, over the years of the
experiment, the number of Anisoplia austriaca
increased substantially on the variant of disc
tillage at 6-8 cm, while the variants of chiselling
and disc tillage at 10-12 cm limited its number
to 1.1 specimens/m?, which is at the control level,
with slight deviation towards increase.

The numerical advantage of aphids and
Heteroptera for surface cultivation at 6-8 cm,
without a statistically significant difference, is
explained by the increase in the mass of weeds
in this variant, which serve as a reservoir of dis-
eases and an added habitat for pests.

Analysis of data on the influence of Factor
B on the population size of Haplothrips tritici
Kurd. shows that reducing the depth of tillage
in shallow and surface tillage variants sub-
stantially increases the average pest popula-
tion to 12.4 and 14.4 specimens/m?(LSD,, = 3.2).
The use of chisel tillage proved the absence
of a statistically significant difference com-
pared to ploughing (control) and ensured the

regulation of the phytophagous population at
7.1 specimens/m2

CONCLUSIONS

According to the present study, the main tillage
considerably affects the number of Thysanop-
tera and Anisoplia austriaca H., whose females
lay eggs to the depth of the arable layer, and the
larvae of the Anisoplia austriaca H. can penetrate
the soil to a depth of 80 cm. Variants of chiselling
at 20-22 cm and shallow cultivation at 12-14 cm
showed the result at the control level, and reduc-
ing the depth of cultivation to 6-8 cm substan-
tially increased the number of Anisoplia austri-
aca H. to 2.0 specimens/m? The distribution of
Thysanoptera in the Right-Bank Forest-Steppe
zone of Ukraine was substantially affected only
by the chiselling variant, with an average pest
population of 71 specimens/m? Modern farming
lies in controlling the number of pests at a level
that does not lead to a substantial decrease in
the yield of winter wheat, and not at a level close
to zero. It is due to the reduction of the rate of in-
secticide application and merely marginal treat-
ment of the plots that the ecological farming
system appears as the best variant in terms of
the numbers of all pests below the levels of ETH.
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BnavB cucteM 3eMNepo6cTBa Ta 06pO6ITKY FPYHTY
Ha OCHOBHMUX WKigHMKIB NweHuui o3umoi

AHoTauia. [HTeHCUdIKAllig CUTBCBKOTO TOCIIOZAPCTBA Ma€ HU3KY HETaTUBHUX HACKAKIB, a
36epe’kKeHHA 3eMeNIbHUX pecypciB 3a iXHBOI aKTMBHOI eKCIUIyaTallii € BaJKJIUBUM MUTAHHAM
CBOTOJIEHHS, 3 OIVIAAY Ha AefaJi 6inpury moTpeby B 36inbIIeHH] TPomoBoIbCTBA. CBITOBA ITPaKTHKA
BeZleHHS OpTraHiyHOro 3eMJIepo6CTBa ITOKa3ye 06MEKEHICTD B PEry/II0BaHHI YMCeTbHOCTI IIKIJHUKIB
CIJTBCBKOTOCIIONAPCHRUX KYMBTYP. LIITyuHe 361/IblIeHHSA IPUPOSHUX BOPOTIiB Ta 3MiHa JaHAmadTy
IS TACHIeHHS 6ioyoriyHol 60poTh6M He € TMOMyNApHUM pillleHHAM Ta Ma€ CylepewInBy
ebeKTUBHICTh. MOHITOPUHT YK CeIbHOCTI eHTOMOKOMILIEKCY [TIIeHUITi 031IMOI ITPOBOIUBCS 3TiAHO i3
3araJbHONIPUNHATHMY MeTOOUKAaMU Ha 48 IiNAHKaX, le po3MilleHo 12 BapiaHTiB y 4 TIOBTOPHOCTAX
ynpozoBsk 2019-2021 pp. V cTaTTi HaBelleHi pe3y/ibTaTy JOCIiPKeHHS, 10 CBiYaTh IIPO iCTOTHUM
BIUIMB CUCTEM 3eMJIEpO6CTBA Ha OCHOBHUX IIKITHUKIB MIIEHUII] 03UMO] Ta 3JaTHICTb 0 KOHTPOJIIO
IXHBOI YKCEJIPHOCTI 3a €KOJIOTIYHOI CUCTEMU Ha PiBHI eKOHOMIUHOI'O ITOPOTY WIKIAJINBOCTI. BapiaHTH
06pObITKY TPYHTY He perylioBaIi YUCeNbHICTh Schizaphis graminum R., Eurygaster integriceps P.
Ta Oulema melanopus L., ToAi SIK Yu3eJbHUM 06po6iTOK Ha 20-22 cM 3a6e3MeuyBaB peryysiLiio
KizbKOCTI Anisoplia austriaca H. Ta Haplothrips tritici Kurd Ha piBHi KoHTposio (0paHKa) y BCi poRU
CIIOCTEPEIKEHE. 3a TIOBEPXHEBOT0 06p06iTKY IPyHTY Ha INMOKHY 6-8 CMUKCENTbHICThIMXIIKITHUKIB
icToTHO 36iMbIIIyBasack, Ta 6ya B cepegHBOMY Ha piBHi 2,0 Ta 14,4 er3./M% OT)Ke, BUCBITIeH] maHi
MATBEPIIKYIOTh €bEKTHUBHICTh 3MEHIIEHHA KPaTHOCTI iHCEeKTULMAHUX06POOOKIIIEHUII03UMO]
38€KOJIOTIYHOI CHCTeMU6e3NiIBUIIEHHAPU3UKIB BTPATH BPOXKAI0 Uepe3 IOMIKO[KEHHS POCIIUH
IIKITHUKAMU B [TO€OHAHH] 3 YU3eJIBHUM 06p06iTKOM IPYHTY

KniouoBi cnoBa: ditodary; ynsesns; OpaHKa; AUCKYBaHHS; €KOJIOTiYHE BUPOIIYBAHHS ITIIEHUIN
031MOI

Plant and Soil Science, (12) 4 @



