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Annotation. In the context of the development of organic agriculture, the introduction of
environmentally safe plant protection methods is of particular importance. The aim of this study was to
evaluate the effectiveness of biological protection of cereal crops using biopreparations and unmanned aerial
vehicles (UAVs) based on phytosanitary monitoring.

The research was conducted on demonstration fields of organic farming in the Almaty region at the
demonstration site of the Zhiembayev Kazakh Research Institute of Plant Protection and Quarantine
(KazRIPPQ). During the growing season, a total of 16 pest species were identified during surveys of wheat
crops.

On winter wheat at the tillering stage, the abundance of the cereal leaf beetle (Oulema melanopus L.)
reached 9-11 adults per m?, while the sunn pest (Eurygaster integriceps Put.) reached 0.6-0.7 adults per m?,
which was close to the economic threshold of harmfulness. At the stem elongation-heading stage, a harmful
population density of wheat thrips (Haplothrips tritici Kurd.) was recorded, reaching 7-8 adults per stem.

The application of biological preparations using unmanned aerial vehicles (UAVs) provided high
biological efficacy: up to 95.3% against the cereal leaf beetle, 91.0% against the sunn pest, and 88.5%
against wheat thrips. In addition, an increase in beneficial entomofauna was observed due to the
establishment of nectar-producing zones and artificial nesting sites.

The obtained results confirm the prospects of integrated biological plant protection in organic farming,
which contributes to reducing pest populations to a safe level while maintaining the ecological balance of
agroecosystems.

Keywords: biological plant protection, entomology, cereal leaf beetle, sunn pest, wheat thrips,
unmanned aerial vehicle.

Introduction. Global experience demonstrates that economically efficient and
environmentally safe crop production is achieved through the integrated application of
technological practices within farming systems of a planned level of intensification. These
technologies represent a unified system for managing the crop production process through crop
rotation systems, soil cultivation practices, fertilizer application, and plant protection measures
within the framework of organic farming systems [1].

In the Republic of Kazakhstan, the development of this sector is regulated by the Law of the
Republic of Kazakhstan “On the Production and Circulation of Organic Products”, which defines
the legal, economic, and organizational foundations for the production of organic products. At the
same time, an analysis of the list of registered plant protection products shows that the share of
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biological preparations accounts for only about 2%, which is insufficient for the full development of
organic farming and indicates the need to expand the range of biopreparations and to improve
mechanisms for their introduction into agricultural practice.

Plant protection in organic farming reflects significant progress in the development and
application of biological methods for controlling harmful organisms, such as the use of natural
bioregulators, beneficial microorganisms, entomophages, and agronomic practices. However,
despite the accumulated scientific and practical experience, the number of challenges is increasing,
including the growing resistance of pests, the expansion of their species diversity, and changes in
their distribution ranges. These factors complicate the adaptation of such approaches to different
agroclimatic conditions, reduce their long-term effectiveness, and hinder their optimal
implementation in organic farming systems aimed at ensuring environmentally safe agricultural
production [2]. Despite the advantages of using biopesticides in intensive and organic agriculture,
the number of biological preparations registered for use remains limited: about 300 worldwide, 50
in Russia, and only 19 in Kazakhstan. At the same time, biological plant protection systems have
been implemented in practical agriculture on only about 2% of agricultural land in the Russian
Federation [3,4]. Biological plant protection has two main directions. The first involves the use of
“living organisms against living organisms”, i.e., the application of bacteria, fungi, nematodes,
entomophages, acariphages, entomopathogenic viruses, and other biological agents that act as
antagonists of phytopathogens. Microorganisms that are antagonists of phytopathogens are
commonly used to control plant diseases. In the control of weeds, herbivorous insects are used, for
example the ragweed leaf beetle, which feeds on ragweed without damaging cultivated plants. In
addition, microorganisms causing diseases and subsequent death of weeds - known as
mycoherbicides - are also used. The second direction involves the use of preparations based on
biologically active substances of natural origin for regulating biotic environmental factors. These
include pheromones that attract pests and disrupt their mating by disorienting them, as well as
agents that facilitate the transmission of entomopathogenic organisms. There are also biorational
non-toxic pesticides that regulate the population density and development of insect pests. One of the
main advantages of the complete or partial rejection of chemical pesticides is the active
reproduction of beneficial organisms, which serve as the main regulators of the populations of many
harmful species. This process is known as natural biocenotic regulation [5].

Materials and methods. The research was conducted at the experimental fields of LLP
“Kazakh Research Institute of Agriculture and Plant Growing” located in Zhalpaksai village,
Karasai district, Almaty region, and under laboratory conditions at LLP “Kazakh Research Institute
of Plant Protection and Quarantine named after Zh. Zhiembayev”. Monitoring of pest infestation on
the demonstration plots of organic farming was carried out weekly. To study the biological
characteristics of phytophagous insect development, generally accepted methods in agricultural
entomology and plant protection were used [6—17].

Insects (the sunn pest, cereal leaf beetle, adults of ground beetles, cereal beetles, as well as
caterpillars and eggs of Lepidoptera) were counted on plots measuring 0.25 m?. Small and jumping
insects (flea beetles), with the same number of samples, were counted using a Petlyuk box covered
with gauze, with a base size of 50 x 50 cm, placed on the soil surface.

Small insects and mites in the field were assessed using two indicators: the percentage of
infested plants and the infestation score. The level of infestation was characterized using a 3-point
scale:

1 point — low infestation (individual specimens are found on the plant, not forming colonies
and occupying less than 25% of the leaf surface);

2 points — moderate infestation (1-2 colonies are found on the plant, occupying 26—50% of
the leaf surface);

3 points — high infestation (more than 2 colonies are found on the plant, occupying more
than 50% of the total leaf surface).

When necessary, small insects and mites were counted in the laboratory using a binocular
microscope.
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Sampling of concealed stem pests was carried out for damaging stages located inside plant
tissues. For this purpose, sample plants or their parts (shoots, stems) were examined, and the
number of pests and traces of their damage were recorded. Usually, 10 samples with an area of 0.25
m? each were taken.

To account for pests that live openly but are difficult to count visually due to high mobility,
excessive abundance, or dense vegetation cover, sweeping with an entomological net was used. One
sample consisted of 10—20 consecutive sweeps with the net without interruption.

Counts of the red-breasted cereal leaf beetle were conducted according to the established
methodology. During the full tillering stage, periodic field inspections were carried out, including
1-2 test sweepings with an entomological net (25 sweeps each) to determine the appearance of
cereal leaf beetles [18].

Results and Discussion. During the growing season, regular monitoring of pests through
soil excavations and population counts on wheat revealed 16 pest species causing damage of
varying degrees. These included click beetles: the common wireworm (Agriotes sputator L.), the
dark click beetle (Agriotes obscurus L.), and the broad click beetle (Selatosomus latus F.); darkling
beetles: the steppe darkling beetle (Blaps halophila M.) and the sandy darkling beetle (Opatrum
sabulosum L.); the striped flea beetle (Phyllotreta vittula R.); the red-breasted cereal leaf beetle
(Oulema melanopus L.); the wheat thrips (Haplothrips tritici Kurd.); the Moorish bug (Eurygaster
maura L.); the sunn pest (Eurygaster integriceps Put.); the greenbug aphid (Schizaphis graminum
Rond.); the English grain aphid (Sitobion avenae F.); cereal flies including the frit fly (Chlorops
pumilionis Bjer.) and the wheat meromyza (Meromyza nigriventris Mcq.); as well as the greater
cereal flea beetle (Chaetocnema aridula Gyll.) and the lesser cereal flea beetle (Chaetocnema
hortensis Geoffr.) [19,20].

During the monitoring period, 15 species belonging to 11 families and 3 insect orders were
identified. Three species of entomophagous insects listed in the Red Book of the Republic of
Kazakhstan and the Almaty Region were also recorded: the tree mantis (Hierodula tenuidentata),
the short-winged Coranus (Coranus subapterus), and the punctate lady beetle (Stethorus
punctillum).

Before the start of field trials evaluating the effectiveness of various crop protection schemes
against pests, preliminary measures were organized to ensure the timely implementation of
protective treatments at optimal periods.

At the demonstration field of organic farming, observations were carried out to monitor the
population dynamics of the main pests (the red-breasted cereal leaf beetle, the sunn pest, wheat
thrips, etc.). During these observations, the timing of development of individual stages of their life
cycle was determined. The results of phytosanitary monitoring showed that during the tillering stage
of winter wheat, the abundance of adult cereal leaf beetle (Oulema melanopus) reached 9-10
individuals per m?, while the sun pest (Eurygaster integriceps) reached 0.6—0.7 individuals per m?.

For the adult cereal leaf beetle, this indicator approached the economic threshold of
harmfulness (ETH), which, according to literature data, is 10 individuals per m? during the tillering
stage. Reaching this level serves as a signal for implementing protective measures, since exceeding
the ETH may lead to massive leaf damage, disruption of plant photosynthetic activity, and a
decrease in crop yield.

In April, field experiments were established on winter wheat against the cereal leaf beetle
and the sun pest using biological preparations. The treatments were carried out with the use of
unmanned aerial vehicles (UAVs) (Figures 1, 2,3). The data presented in Figure 1 indicate the high
biological efficacy of the applied protection schemes. Thus, with two applications of biological
preparations, the effectiveness reached 93.5-95.3% compared with the control. The use of
unmanned aerial vehicles (UAVs) ensured uniform and precise distribution of the working solution,
reduced consumption of biological preparations, and lower anthropogenic impact on the fields
(Figure 2).
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Figure 1 — Biological efficacy of biopreparations against the red-breasted cereal leaf beetle on winter
wheat crops, 2025

Figure 2 — Implementation of protective measures using UAVs at the demonstration site of Kazakh
Research Institute of Agriculture and Crop Production, 2025

In order to evaluate the effectiveness of biological preparations against the sun pest
(Eurygaster integriceps), field experiments were established. The trials were conducted under
conditions of natural pest infestation. As shown in Table 3, high biological efficiency was observed
with the application of the preparation Aktorofit 1.8 (Streptomyces avermitilis), whose
effectiveness reached 91.0%, indicating the high activity of this biological product against the sun
pest.
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Figure 3 - Biological efficacy of biopreparations against the sunn pest on winter wheat crops, 2025

On winter wheat, at the booting—heading stage, a visual inspection recorded 78 adult thrips
per stem (economic threshold of harmfulness — 8-10 individuals per stem). These indicators were
already considered an important reason for carrying out treatment (Figure 4).
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Figure 4 — Biological efficacy of biopreparations against wheat thrips on winter wheat
crops, 2025

The biological efficacy of the preparations Aktorofit 1.8 (Streptomyces avermitilis), 0.9 L/ha
+ Extrasol (Bacillus subtilis Ch-13), 2.0 L/ha, applied using unmanned aerial vehicles (UAVs)
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against wheat thrips on wheat crops demonstrated high biological effectiveness, reaching 88.5% on
the seventh day after treatment.

In this regard, the application of biological preparations based on entomopathogenic
microorganisms and biologically active substances was a scientifically justified and timely measure.
These treatments made it possible to reduce pest populations to a safe level and maintain the
phytosanitary well-being of agricultural crops.

The biological preparations used differ from chemical plant protection products by their
environmental safety—they do not harm the environment, including beneficial insects such as
pollinators. For this reason, they are particularly suitable for ecological (organic) farming, which is
becoming increasingly popular. In addition, biological products do not cause pest resistance or
pathogen tolerance, allowing them to be effectively used for many years without the need to
increase the dosage of the active ingredient.

To study the development of beneficial insects and evaluate the effectiveness of
entomophages, as well as to attract them, a field rack (stand) was installed. Nectar-producing plants
were sown around the rack, which helped attract various species of entomophages (Figure 5).

Entomophages such as predatory beetles, hoverflies, parasitoid wasps, and other insects
require additional nutrition, especially during periods when their prey is less abundant. Nectar and
pollen help them survive, reproduce, and actively prey on pests. The advantage of sowing
nectariferous plants is the increase in biodiversity, which contributes to reducing the need for plant
protection treatments using pesticides.

v

Figure 5 — Rack for the release of entomophages in the demonstration field of organic farming,
Kazakh Research Institute of Crop Production and Agriculture, 2025

Within the framework of the research conducted at the demonstration site of organic farming,
a comprehensive monitoring of the population dynamics of harmful organisms and the activity of
natural entomophages was carried out. The obtained data indicate the significant role of bioagents
and beneficial insects in maintaining the phytosanitary condition of agrocenoses.

Thus, the monitoring results confirm the effectiveness of the biological plant protection
system, based on the use of a complex of natural entomophages and colonized bioagents. This
approach ensures the sustainable suppression of pest populations at a level that does not require the
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use of chemical plant protection products and contributes to maintaining the ecological balance
within the agrocenosis.

The selection of biological plant protection agents, including biological products,
entomophages, and pheromone traps, with the determination of the optimal timing and application
rates considering the distribution and harmfulness of pests, is a key stage in the effective and
environmentally safe protection of agricultural crops. The assessment of the biological efficiency of
the selected methods makes it possible to reduce pest populations below the economic threshold of
harmfulness, while minimizing losses and contributing to the sustainable development of
agroecosystems.

Conclusion. The conducted studies confirmed the high efficiency of the biological protection
system for cereal crops when using modern monitoring technologies and the application of
biological preparations with the help of unmanned aerial vehicles (UAVs). Phytosanitary control
made it possible to timely detect the approach of pest populations to the economic threshold of
harmfulness and promptly carry out protective measures. The use of biological preparations ensured
a significant reduction in the population of key pests without negative effects on beneficial
entomofauna. Creating conditions for attracting entomophages further enhanced the natural
regulatory mechanisms within the agrocenosis. This integrated approach contributes to the
sustainable phytosanitary condition of crops and corresponds to the principles of organic farming.
The results demonstrate the prospects of integrating biological methods and digital technologies for
environmentally safe and economically efficient grain production.

Financing. This research was carried out within the framework of Budget Program 267
“Increasing the accessibility of knowledge, scientific research and activities” under the scientific
and technical program BR22885418 “Scientific support of technological development of organic
production of agricultural products in the Republic of Kazakhstan,” funded by the Ministry of
Agriculture of the Republic of Kazakhstan for 2024-2026.
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KA3AKCTAHHBIH OHTYCTIK-IIBIFBIC )KAFJAMBIHIA YYA KOJJAHY APKBLIBI
KY3IK BUJAWIBIH HETI3I'T 3USIHKECTEPIHE KAPCHI BUONIPEIIAPATTAP/IBIH
THIMJLTICTH BAFAJIAY

Myxamaaues H.C.!, 61010rus FBUIBIMIAPHIHBIH KaHIUAATHL, Ipodeccop
Yagunosa A.M'.
Mengai6aesa I'.7K."", PhD, kaysiMaacTeIpbUIFal mpogeccop
Husz6exo 7K.B.!, aybu1 mapyaibuibIFbl FHUTBIMAAPBIHBIH KaH AT
Koiireabauna A.E.!, PhD, kaybsIMaacTeIpbUIFan npodeccop
Casimosa H. JI.%, aybu1 mapyaiubulbIFbl FUIBIMIAPBIHBIH KAHIMIATH, KaybIMIACTHIPhLIFaH IPodheccop

'K, JKuembaes amwvinoazv Kaszax ocimoix Kopeay scone Kapanmui eoliblMi - 3ePMmey UHCHUmMYmoly
KUIC, Anmamur K., Kazaxcman
2 ”K- . . . . () . "
a3ax e2iHWINIK JICoHe OCIMOIK Wapyaulblibizbl evlieimu-sepmmey uncmumymst” KIIC, Anmamer K.,
Kazaxcman

Angarna. OpraHuKaiblK eTiHIIUTIKTIH JaMybl JKaFJaiblHIa ©CIMIIKTEePAi KOPFayAblH SKOJIOTHSIIBIK
Kayinci3 oJiCTepiH €Hri3y epeKile MaHbpl3fa Hue. 3epTTeyJiH MakKcaThl (UTOCAHWUTAPIIBLIK MOHHTOPHHT
HeTi3iHAe Ouompenaparrap MEH YIIKBIIICH3 Yoy anmapaTtapblH (¥ ¥A) KojjaHy apKbUIbI J9HI
JMaKbUIAApABl OMOJOTHSUIBIK KOPFAyIbIH THIMILUIITIH Oaramay Oonmel. 3eprreyiep AnMaThl OOJBICHIHIA
OpPraHMKAJNIBIK ETIHIIUTK JEeMOHCTpalWsUIbIK — ankanrapbiaaa, «Kaszak —Eriamimik  xoHe  Ocimaik
mapyansuibirsl F31» XKIIC neMoHCTpaIUsUIbIK HOIMIOHBIH/A KYPTI3iIIi.

Bereranusislk ke3eH OapbIichiHAa Ouaail erictepiH 3eprrey Kesinge 16 3usSHKeC Typi aHBIKTAJIIBI.
Ky3nik OumaiinsiH TynTeHy da3achiHIa KbI3bUT KeY eI aCTRIKTHIH CYJIiKIe KOHBI3BIHBIH (Oulema melanopus
L.) canbl 9-11 umaro/m?-re, ai 3usiHIbI OAKaIIbIK KaHIaNaChIHbIH (Eurygaster integriceps Put.) cansi 0,6-0,7
MMaro/M2-re JKeTill, 3KOHOMHKAJBIK 3USHIBUIBIK IIETIHE >KaKbIHAambl. TYTIKKE IIBIFY — MacaKTaHy
¢azaceiana Oupait Tpurnciniy (Haplothrips tritici Kurd.) 3ustHOBI caHbl Tipkenim, Oip cabakra 7-8 mmaro
AHBIKTAJIJIEL.

Buonpenapartapapl ¥¥A KoljaHy apKbUIbl MIAITY YKOFapbl OMOJIOTHSUIBIK THIMIUTIKTI KaMTaMachl3
€TT1 aCTBIKTBIH CYIIKIIEe KOHBI3bIHA Kapchl — 95,3%, 3usHpl Oakambikka Kapcesl — 91,0%, an Ougaii Tpuricine
Kapchl — 88,5%. CoHbIMEH KaTap, HEKTapJibl 6CIMAIKTEp alMaKTapblH JKOHE JKacaHIIbl Y Cally OpBIHAAPBIH
YUBIMIACTBIPY HOTIKECIHAE TMaiaaisl SHTOMOGAYHAHBIH OCJCEeHIUITT apTKaHbl OalKanabl. AJBIHFaH
HOTHIKEJICp OPraHMUKAJBIK ETIHIIUIIKTE OCIMIIKTEepIi KEIIeHI OHOJOrHSUIBIK KOpFrayblH OoJamarbl 30p
eKeHiH monenzen . byn Tocin 3usiHKecTep CaHbIH Kayilci3 IeHTrenre AeiiH TOMEHIETIN, arpoieH031apabiH
9KOJIOTUSJIBIK TEIe-TEHIrH caKTayFa MyMKIHIIK Oepei.
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Tipek ce3aep: eciMaikTepai OMOIOTHUSIIBIK KOPFay, SHTOMOJIOTHS, KBI3BII KEYACIi aCTHIKTHIH CYJIIKIIE
KOHBI3bI, 3USTH]IBI OAKAIIBIK, TPHIIC, YINKBIIICHI3 YTy alnapaThl.

OHEHKA 50@PEKTUBHOCTH BUONIPETAPATOB NPOTUB OCHOBHbIX BPEJIUTEJIEA
O3UMOMU INIIEHULBI ITPU TPUMEHEHUWU BILJIA B YCJIOBUSX IOI'O-BOCTOKA
KA3AXCTAHA

Myxamanues H.C.!, kanauaar 61M0I0ru4eckux HayK, mpogeccop
Yagunosa A.M.!
Menui6aesa I'.JK."", PhD, accoumupoBanHblii mpogeccop
HusizoexoB K.B.!, kanauaat cenbckoxo03siCTBEHHBIX HayK
Koiireasauna A.E.!, PhD, accouunpoBanmblii mpodeccop
Casimosa H.JI.!, kanauat ceabCKOX03sMHCTBEHHBIX HAYK, aCCOLMUPOBAHHBIN Ipodeccop

'TOO «Kasaxcxuii HUU 3awumul u kapanmuna pacmenuii um. K. Kuembaesay, Anmamol, Kazaxcman
’TOO «Kazaxckuil HAYYHO-UCCAe008AMENbCKULL UHCTNUNY M 3eMle0eNus U pacmeHue8o0cmeay, Aimamet,
Kazaxcman

AHHOTauus: B ycloBusiX pa3BUTUS OPraHMYECKOTO 3eMIIeAETHs 0coboe 3HadeHue NpuodpeTaer
BHEJIPEHHE SKOJIOTHYECKH 0€30TIaCHBIX METOJIOB 3alIUThl pacTeHui. Llenbio nccnenoBanus sSBIsIach OLEHKA
3G GEKTUBHOCTH OHMOJIOTHYECKON 3aIlUTBHl 3€PHOBBIX KYJNBTYP C HCHOJB30BAaHHEM OHONpEnapaTtoB H
OecryIoTHBIX JeTatenbHbIX ammapatoB (BILJIA) Ha ocHOBe duTocanuTapHOro MOoHUTOpHUHTA. MccnenoBanus
MPOBOJMIUCH HA JEMOHCTPAIIMOHHBIX TIOJNAX OPraHW4YecKoro 3emJyelesius B AJNMAaTHHCKOW OOJIacTH Ha
nemoHcTpannonHoMm Tmomurone TOO «KasHMM3uP». B TedeHwe BereTalMoOHHOTO TMEpUOAa TIpU
o0cieToBaHNH TIOCEBOB TIIICHHUITH BBIsABIIEHO 16 BUIOB BpenuTeneii. Ha o3umoii mmenwnie B (haze KymeHus
YHCIIEHHOCTh KpacHOTpyaon xiebHoi mbsiBumbl (Oulema melanopus L.) mocturama 9-11 mmaro/m?, kiom
BpenHoii uepenamiku (Eurygaster integriceps Put.) — 0,6-0,7 wumaro/m?, 4TOo TUpPUOIMKAIOCH K
SKOHOMHYECKOMY TOPOTY BpEAOHOCHOCTH. B ¢aze BbIxoma B TpyOKy — KoJomIieHHs 3apUKCHpPOBaHA
BPEIOHOCHAS YHCICHHOCTH MmennyHoro Tpurca (Haplothrips tritici Kurd.) 7-8 umaro Tpurica Ha ctebenb.

[Mpumenenne OwonpenaparoB ¢ ucnonb3oBanueM BIIJIA obecriednsno BBICOKYIO OHOJIOTHYECKYIO
s dexTrBHOCTE: 10 95,3% npoTtus nbsiBuLEL, 91,0% mpoTHB BpeaHOo# depenamku U 88,5% mpoTuB TpHIica.
JIONOJHUTENFHO OTMEYEHAa aKTHBU3ALMS IOJIE3HONW 3HTOMO(ayHbl Ojarogapsi CO3JaHHI0 HEKTApOHOCHBIX
30H M HMCKYCCTBEHHbIX THe31oBHHA. IlodydeHHble pe3ynbTaTbl MOATBEPKAAOT MNEPCIEKTHBHOCTb
KOMIUIEKCHOH OWOJOrMYecKoil 3alUThl pPacTeHH B OPraHUYECKOM 3eMIICJICNTUH, CHOCOOCTBYIOIIEH
CHIKCHHIO YHMCJICHHOCTH BpeauTeNleil 10 Oe30macHOro YpOBHS IPU COXPAHEHHUH 3KOJIOTHYECKOro
paBHOBECHS arpoLeHO30B.

KiaoueBbie cioBa: Ouonormyeckas 3alUTa pacTeHHH, IHTOMOIIOTHS, KpacHOTpyZas XyeOHas
MBSIBUIIA, BpEIHAS Yeperalika, TPHIIC, OECITMIOTHBIN JIeTaTeNbHBIN anmapaT
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