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Food as a factor determining ===
the physiological state |
of populations of the
phytopagous pests

of agricultural crops

ABSTRACT
Relevance. Trophic relationships along with competition and mutualism are the most basic and significant
interactions in ecosystems. To develop, survive, and multiply, insects need to consume a certain amount of
nutrients at a certain ratio. Food products are complex mixes of nutrients and non-nutritive substances (some-
times toxic ones): macronutrients (proteins, carbohydrates, and I_ilpids), micronutrients (vitamins and miner-
als), and water. Some nutrients are essential; insects lack the ability to synthesize them in their bodies and
must obtain them from their diet or through symbiosis with beneficial organisms. Identification mechanisms
being well developed in the system “phytophagous insect - plant” allow insects to successfully spread, mul-
tiply, and feed on certain plant species. The complex of hydrolytic enzymes in the insect intestine is one of the
main tar?ets for plant defense responses because these enzymes determine the availability of structural com-
ounds for pmophagous insects. For this reason, enzymes in the insect intestine play a ke_g_role in the adap-
tion of insects to the pest resistance of fodder plants. For instance, when proteinase inhibitors are synthe-
sized in a fodder plant as the result of induced insect resistance the complex of enzymes in an insect intes-
tine might change negating the effect of these inhibitors. The development of co-adaptations due to interac-
tions among species in food chains depends on a complicated constellation of conflicting relationships
between consumers and food objects. The mechanisms of this influence may be rooted in the allelochemical
interactions in the system “phytophagous insect — plant recipient”. Allelopathic interactions are among the
most comﬁlex interactions because they are constituted by direct and indirect effects. Plants when damaged
by phytophagous insects activate defense responses, which incorporate several mechanisms, including an
increase in the concentration of secondary metabolites, many of which are phenolic compounds.
The aim of the work is to describe the mechanisms of relationships in the system “phytophage-plant”.
Conclusion. Mana?ement of processes of intra-water divergence of insect-phytophages in agrobiocoenoses
in order to prevent the emergence of races and populations of pests adadpted to live on initially resistant to
them plant forms is possible in compliance with the transition to a targeted selection of agricultural crops for
resistance to a complex of pests.
KEYWORDS: o o ) )
phytophagous insect, plant, food, agroecosystem, digestive enzymes, allelopathic interactions, coevolution,
coadaptation

[nLLa kak pakTop, onpenensioLLmin
dU3NONOrMyecKoe CoCToaHNE
nonynauu putodaros-BpeauTenen
CENbCKOX03ACTBEHHbIX KYIbTYP

PE3IOME

AkTtyanbHocTb, Tpodiudeckue OTHOLLEHMSA, HAPSAY C KOHKYPEHLME 1 MyTyan13MoM, ABNsIOTCA Hanbonee
0bLMMM 1 3HAYUMBIMK B IKocUCTEMAX. [iNA pa3BUTYS, BbIKMBAHMA W BbIBEAEHUS NOTOMCTBA HACEKOMbIM
HeobxognMo nonyyath onpepeneHHbIe KONMYECTBa W COOTHOLIEHNA NUTaTeNbHbIX BewecTs. MpoaykTh
NUTaHMS HACEKOMbIX NPEACTABNAOT COOOM CMOXHbIE CMECH MUTaTENbHBIX U HeNMUTaTemNbHbIX (MHONAA TOK-
CMYHbIX) COBAMHEHNIA: MaKpPO3NeMeHTbI (6enku, yrneBoAbl M NMNUABI), MUKPO3reMeHTbI (BUTaMUHBI M MUHeE-
panbi) v Bogy. HekoTopble U3 NUTaTenNbHbIX BELLECTB ABNAIOTCA He3aMEHUMBIMM, HaCeKOMbIe NNLLEHbI Crio-
COBHOCTM CHHTE3MPOBATL X CAMOCTOATENLHO W JOIMKHbI MOJTyUaTh UX C MULLEN UMK U3 NONEe3HbIX CUMOHOH-
T0B. B cucTeme «dmTodhar-pacTeHre» XopoLLo pasBuTbI MexaHU3MbI pacno3HaBaHus, NO3BONIALLME Hace-
KOMbIM YCreWHO PaccenaThbes, Pa3MHOKATLCA M NUTATLCA Ha KOHKPETHbIX BUaax pacTeHuid, Komnneke ma-
PONUTUYECKNX (HEPMEHTOB KULLEYHMKA HACEKOMBIX SIBNAETCS OFHOM M3 OCHOBHLIX MULLEHel AnA [encTeuns
3aWMTHBIX PeaKLyii pacTeHms, T.K. MIMEHHO 3TMMM hepMeHTaMM onpeaensieTcs JOCTYMHOCTb CTPYKTYPHbIX
BeLyecTs Ana utodparos. Moaromy hepmeHThI kKULLEYHMKA huTOaros UrparoT oaHY M3 BeAyLMX porei B
MeXaHU3Max afanTaLym HaceKOMbIX K 3HTOMOPE3UCTEHTHOCT/ KOPMOBLIX PACcTEHMi, B 4aCTHOCTM, MK CUH-
Te3e B KOPMOBbIX PaCTEHNSX MHIVGUTOPOB NPOTEMHA3 B pe3ynbTaTe MHAYLMPOBaHHON 3HTOMOPE3UCTEHTHO-
CTH, B KULLEYHMKE HACEKOMOrO MOXET U3MEHATLCA COCTaB (hepMEHTOB, YTO MPUBOAWT K YXOpY OT AeiCTBUS
3TUX MHrM6UTOPOB. Mpn B3aUMOAENCTBUN BUOB B NULLEBLIX LiensX BOHUKHOBEHWE KOMNIEKCa B3auMo-
NpUCNOCOBNEHNIA HaXOAUTCA B 3aBUCUMOCTH OT CIIOXHON KOHCTENNALMM NPOTMBOPEYUBLIX OTHOLLEHWIA,
CBA3bLIBAIOLLMX NOTPeOUTENEN U NULLEBbIe 00beKTLI. MexaHn3MbI Takoro BIIMSHWS MOTYT Nexatb B 06nacTi
annenoxX1MNYECKuX B3aUMOOTHOLLEHNIA B cHCTeMe «cpuTodhar — pacTeHue-peLvnueHT». Annenonatiuyeckue
B3aMMOOTHOLLIEHSA — OfHM U3 Hanboree CMOXHbIX, Tak Kak B AaHHOW (hopMe TECHO NepenneTaoTcs npsMoe
1 OMOCPeACTBOBaHHOE BNnsAHMe. PacteHns npu noBpexaeHnn dutodharamn akTMBUPYHOT 3aLUMTHBIE peak-
guu, KOTOpbIE COCTOAT M3 HECKONBKMX MeXaHU3MOB, BKITH0Yas YBENVUYEHNe KOHLIEHTPaLKM BTOPUYHBIX MeTa-

ONUTOB, MHOTVE M3 KOTOPbIX ABNSOTCA (heHOMbHLIMM COEANHEHNAMM.

Lleneto paGoThi ABRAETCA ONMCaH1e MexaHM3MOB B3aMOOTHOLLIEHWI B cucTeMe «chutodhar-pacteHuen.
3aknioueHve. YnpasneHve npoleccamu BHYTPUBOLOBON AUBEPreHLMU HaceKOMbIX-thutocharos B arpobu-
OLIeHO3aXx B LieNsX NpeAoTBpaLLEeHus NOSBNEHNUSA pac 1 NonynALMA BpeauTenen, afanTupoBaHHbIX k 06uTa-
HUIO Ha NepPBOHAYaNILHO YCTONYMBLIX K HUM (hopMax pacTeHr BO3MOXHO Npu COBMIoAeHNM nepexopa K
LienleHanpaBrieHHON CeNeKLMM CenbCKOXO3ANCTBEHHBIX KyNbTYp Ha YCTOMYMBOCTL K KOMNMEKCY BpeauTe-

nen.
KMOYEBbIE CNOBA:

chuTodbar, pacTeHye, NULLa, arpo3KoCUCTeMa, NuLLeBapUTeNbHbIE thepMeHTbI, annenonatiyeckoe B3aumMo-
[LieiiCTBMe, KO3BOMIOLMS, KoaaanTauus
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Introduction

he phytosanitary destabilization of the Russian agriculture,

which began in the 1990s, has become long-term and systemic
and been contributing greatly to yield losses. Due to the deterioration
of the phytosanitary conditions, millions of tons of grain, potato, and
root vegetables are lost every year. Failures to comply with the tech-
nologies for crop cultivation and to maintain agroecosystem struc-
tures are among the main causes of such high losses. The phytosani-
tary destabilization of agricultural lands are especially noticeable when
the structure of these lands is disrupted [1]. A decrease in the number
of rotations and crops used, and even more so the total neglect of
crop rotation lead to an unacceptable level of phytosanitary destabi-
lization in agroecosystems. In these conditions, the outbreaks of
some pest arthropods, plant pathogens, and weeds become more
frequent. These species have high ecological plasticity, are optimally
adapted to an anthropogenically transformed environment, and have
the status of dominant and super-dominant harmful objects, such as
Acridoidea pests, the Colorado potato beetle, the Sunn pest, the beet
webworm, the European corn borer, and the pathogenic agents of
brown rust, potato blight, etc. [2]. Itis known that the synergetic effect
of the combined adverse impact of diseases, pests, and weeds leads
to a significant yield loss worldwide, which may amount to 50% in par-
ticular years [1]. Additionally, the cost efficiency of plant protection
products has been rapidly increasing due to the more intensive and
well-balanced application of fertilizers and the employment of new
innovative agricultural techniques, which could improve the yield of
the main agricultural crops. Growing resistant varieties is one of these
techniques. A high number of studies were dedicated to the influence
of resistant varieties on insect pests. This paper reviews several of
these studies.

1. Plant immunity to phytophagous insects

The system “phytophagous pest - plant recipient” is viewed by
modern science as a result of the co-adaptation and co-evolution of
phytophagous animals and fodder plants [3]. An important character-
istic of the evolution of these systems is the ability of phytophagous
insects to actively and intentionally search for optimal feeding and
reproductive conditions [4]. In particular, many insect species are
adapted to feeding and reproduction on certain plant organs and tis-
sues at certain stage of their ontogeny. Searching for suitable fodder
plants, feeding on plant tissues, digesting, absorbing hydrolyzed food
have a significant metabolic cost [5]. Thus, plant recipients acquired a
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number of specific (morphological, physiological, etc.) traits, which
prevent phytophagous insects from colonizing plant tissues [6].
Nowadays the term “plant immunity” or “phytoimmunity” means the
development and expression of plant protective properties against
consumers [7]. The first classification of the plant barrier properties
that prevent heterotrophs from feeding on plants was suggested by
N.I. Vavilov in his work “Problems of the immunity of cultivated plants”
[8]. Plant immunologists distinguish two forms of innate immunity —
passive and active immunity. Passive immunity is inherent in plants
irrespective of pathogens, active immunity is induced by virus entry.
Anatomical-morphological and physiological-biochemical properties
of plants constitute the basis of passive immunity. Active immunity is
comprised by the plant protective properties that are brought into
action by the entry of an infectious agent or the damage caused by a
pest. They are aimed at localizing and eliminating infections such as
cicatrisation, wounding, hypersensitive response, the synthesis of
phytoalexins, and etc. According to phytoimmunologist B.A. Rubin,
the main idea of phytoimmunity is that immunity cannot be considered
an individual isolated chemical or a single physical or morphological
trait of an organism. Numerous studies have demonstrated that the
ability of plants to respond to damage in a certain way serves as the
expression of the dynamic properties of protoplasts, cells, organs,
and organism as a whole [9].

There are several conventionally distinguished forms of plant
responses to phytophagous insects:

o Antixenosis — negative responses resulting in the inability of phy-
tophagous insects to use plants for feeding and/ or reproduction [10].

o Antibiosis — an adverse effect produced by a fodder plant on a
phytophagous insect during feeding. Antibiosis is attributed to the
damaging effect of physiologically active compounds in plants or to
the inability of phytophagous insects to digest and absorb food poly-
mers from plant hosts due to the lack of necessary digestive enzymes
[111.

e Plant tolerance to the pathogenic impact of an animal agent is
expressed as the ability of a given plant to preserve its biological pro-
ductivity (yield) without a significant loss when there is no adverse
effect on the pathogen [12].

A number of researchers have established that plants have consti-
tutional and induced immunogenetic barriers [13,14,15]. The consti-
tutional barriers are the protective barriers conditioned by the speci-
ficity of the morphological constitution that provides plant immunity
(external and internal structure of plants and the characteristics of the
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metabolism and vital functioning that influence the ontogeny and mor-
phogenesis of insects). This category of barriers includes atretic, mor-
phological, growth, physiological, metabolic, and ontogenetic barriers
[16].

The atretic (depolymerizing) barrier is determined by structural dif-
ferences in plant proteins, lipids, and carbohydrates and reduces their
susceptibility to and destruction by the enzymes of phytophagous
insects (the insufficient depth and rate of the depolimerization of pro-
teins, lipids, and carbohydrates are a significant immunity factor [17].
The basis of this effect lies in the molecular incompatibility between the
enzymes of phytophagous insects and the plant biopolymers targeted
by them. This barrier is a property of immune plant varieties. When a
phytophagous insect feeds on such plants its nutritional and energy
needs are not completely satisfied, which leads to dystrophy — malnutri-
tion and even death (because the energy costs of the search for food,
feeding, and the digestion and absorption of food are not fully covered)
[18]. The morphological barrier depends on the genetic differences in
the differentiation and constitution of plant organs, tissues, and cells.
These differences might make it difficult and even impossible for phy-
tophagous insects to use plants as a food source and habitat [19]. The
growth barrier is conditioned by differences in the growth rates of veg-
etative and reproductive plant organs and plant organisms as a whole.
This barrier plays an important role because the high growth rates of
various plant parts can hinder the normal development of eggs laid by
phytophagous insects on rapidly growing plant organs and reduce the
contact between their larvae and plant tissues (substrate) thus facilitat-
ing the natural cleaning of the latter [20]. The physiological-metabolic
barrier depends on the differences between immune and non-immune
plants in terms of physiological parameters and the characteristics of
metabolism [21]. The ontogenetic barrier is conditioned by differences
in the life cycle of immune and nonimmune plants and discrepancies in
the timing of the diachronic parameters of their individual development
(periods, stages, and phases) [22]. The constitutional barriers of phy-
toimmunity are aimed at thoroughly and consistently protecting plants
against harmful organisms at all levels from molecular to organismal
one [23]. The induced barriers of phytoimmunity are activated when a
plant is damaged. The aim of induced barriers is to localize harmful
agents, isolate them from well-functioning unharmed tissues, and sub-
sequently eliminate the pathogenic objects with the withering of dam-
aged tissues. Induced barriers include necrogenic, repairing, gall-form-
ing, oxidative, and inhibitory ones [24]. The necrogenic barrier, which is
especially effective against some leaf-miner and sucking phytophagous
insects, is manifested as the death of individual cells, cell complexes,
tissues, and individual organs induced by injuries and leading to the spa-
tial isolation of phytophagous insects from non-damaged plant parts
and thus hindering their feeding on host plants [25]. The repairing bar-
rier is the formation of new homologous organs that morphologically
and functionally replace the damaged and destroyed ones (for exam-
ple, the replacement of one shoot with another or several leaves with
newly formed ones, etc.) [26]. The gall-forming and teratogenic barriers
are manifested as pathological neoplasms - galls and parasitic terato-
morphs —in plant hosts [27]. The oxidative barrier is the oxidation of sec-
ondary metabolites occurring when phytophagous insects damage
plant tissues. This leads to an increase in the toxicity of secondary
metabolites or to the synthesis of compounds interfering with the nor-
mal functioning of insects and even causing their death [28]. The
inhibitory barrier is the synthesis of compounds with inhibitory functions,
which suppress the activity of hydrolytic (amylases, proteases, etc.) and
other enzymes, in the plant recipients damaged by phytophagous
insects [29,30,31].

Thus, the reviewed immunological barriers developed in plant
recipients in the course of their evolution to counteract the adaptation
of various phytophagous insects [32,33,34].

2. Influence of food quality on the

physiological state of phytophagous insects

Despite the well-developed morphological, physiological, and
behavioral mechanisms allowing phytophagous insects to consume
adequate nutrition, they still have to face some challenges such as fluc-
tuations in the external supply of plant nutrition over time and in space
(the quantity, balance, and availability of nutrients) [35]. Moreover, the
nutritional needs of insects are not constant and change depending on
what stage of growth, development, and reproduction they are at. If a
phytophagous insect cannot respond to the challenge of balancing the
ever-changing proportion of what it needs to what fodder plants pro-
vide, the insect has to suffer the consequences such as arrested devel-
opment, a decrease in fecundity, and even premature death.
Therefore, studying the compensatory mechanisms used by insects to
balance this proportion plays a key role in understanding the relation-
ships between insects and plants. This is also important for pest man-
agement and relevant to the optimal foraging theory [36].

In its turn, the nutritional value of plant recipients deeply influ-
ences the ecology, behavior, and physiology of phytophagous
insects and is determined by numerous factors such as the quanti-
ty and quality of different nutrients, leaf roughness, the water con-
tent, and the composition of secondary metabolites [37]. Plants dif-
fer considerably in the composition and concentration of nutrients.
Proteins and carbohydrates are the two macronutrients that are the
most often referred to in scientific papers on the feeding ecology of
phytophagous insects with special attention paid to their influence
on the productiveness and selection of feed [38, 39]. It has been
suggested that the recipient selection models used by phy-
tophagous insects might have affected the content of macronutri-
ents in their host plants in the process similar to the coevolution of
insects with the defense allelochemical compounds generated by
plants [40, 41]. The concentration of nutrients in proportion to
unused mass such as cellulose is a component of variability in feed-
ing and plays a certain role in the process [42,43]. It has been
reported that phytophagous insects sometimes avoid plant parts
containing a high dose of structural compounds [44, 45]. However,
there is no definitive interpretation because the structural com-
pounds might affect not only the concentration of nutrients but also
the roughness of leaves [46]. Additionally, the experiments that dif-
ferentiated the mechanical effect from the effect of diluting the vol-
umetric components of plants by prescribing artificial diets showed
that phytophagous insects were able to compensate for the dilution
of nutrients by increasing the amount of digested food [36]. The
same was observed for plant tissues [47]. In general, insects need
to obtain a certain quantity of nutrients at a certain ratio to develop,
survive, and multiply [48]. It might be challenging to find and gain
access to the right combination of nutrients in the wild because
food recourses often differ significantly in their chemical and nutri-
tional profiles and do not provide a reliable nutritional profile, which
could satisfy the needs of an insect completely [49].

Insects, which cannot change the nutritional content of identified
food recourses, compensate the differences in the chemical compo-
sition by relying on diversity. For example, it is well known that the flo-
ral diversity provides the constant availability of resources allowing
insects to regularly digest a great quantity of food and to increase
the amount of accumulated food resources [50]. The diversity can
improve the nutritional value of food (for example, by diluting toxic
plant compounds [51, 52]. However, a large number of plant recipi-
ents does not automatically mean high food quality [50], because an
important role is also played by the composition. A diet with the ideal
composition of nutrients can be the most easily found in an environ-
ment with a high diversity of resources. In these conditions, animals
can feed on various plant species with a different content of nutrients
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as have been shown by Trinkl et al. [54]. The authors have analyzed
the nutritional composition of the larval feed obtained from bee
colonies located in various environments with floral diversity. They
have shown that the proportion of beneficial fatty acids and the pro-
portion P:L increase with the improvement of plant species abun-
dance both in the larval feed and in the environments. These results
have pointed out the importance of biological diversity in an environ-
ment for the adaptability and survival of many phytophagous insect
species.

Insects are the main food source for some higher trophic levels
(for example, birds), and the advantages offered by the diversity of
resources on a lower trophic levels might lead to an increase in the
population size of species on higher trophic levels. It is well known
that insects choose food depending on the quality content of nutri-
ents. For instance, Grund-Mueller et al. [55] have shown that adding
protein and amino acids to a sucrose diet is not sufficient to extend
the lifespan and to ensure the reproduction of adult bumblebees (B.
terrestris). To maintain physiological functioning, other nutrients are
required (such as lipids and microelements). Additionally, a number
of studies have demonstrated that species specific proportions of
micro- and macronutrients are crucial for the health and adaptability
of animals in general [56] and insects in particular [57]. However,
there are no extensive data on the food needs and the levels of toler-
ance to differences in the optimal intake of nutrients for the majority
of insect species. It has not been conclusively studied how trophic
interactions, social organization, and changes in the environment
affect the desired ratio of nutrients.

Morimoto and Lihoreau [58] and Crumiure et al. [59] have highlight-
ed the importance of the further development of existing concepts in
studies on nutrition such as the geometric framework for nutrition [60].
The latter came to be an extremely useful instrument for evaluating the
influence on the proportion of nutrients (for example, P:L) in insects in
particular and animals in general. Morimoto and Lihoreau [58] propose
open access to GFN data as the basis for the development of compar-
ative analyses and provide a template for structuring these data to sim-
plify meta-analyzes employing quantitative methods [58].

The observed variance in the chemical composition of resources
requires the insects that consume these resources to be able to evalu-
ate their chemical/ nutritional profiles (for instance, by tasting) and
make appropriate decisions on feeding. Numerous behavioral studies
have shown that [61] underlying physiological and neural mechanisms
are not sufficiently studied especially the ability to distinguish non-sugar
macronutrients (for example, oil or protein). It has been recently shown
that bumblebees (B. terrestris) can sense all the amino acids that have
the polar functional group in addition to the amino-and carboxyl groups
specific to aminoacids [56]. Additionally, bees distinguish not only dif-
ferent aminoacids but also different concentrations of the same amino
acid [56]. Interestingly, bumblebees do not distinguish pure pollen and
the pollen enriched with amino acids [61]. This indicates that their deci-
sions on pollen gathering can be influenced by nutritional compounds
other than amino acids. Infact, enriching pollen with fatty acids (instead
of amino acids) allowes bumblebees to distinguish between the pure
pollen and the supplemented one [62]. This means both amino and
fatty acids are important but the signal of fatty acids is prioritized. The
priority of fatty acids over aminoacids has been also confirmed by
Vaudo et al. [63] who have shown that Bombus impatiens prefers to
feed on plants with pollen rich in protein and oil. The prioritized sensitiv-
ity to a crucial food component not only increases the chance of survival
and therefore the chance of reproduction but also reduces the energy
cost. This is a part of a complicated strategy adopted by generalist
species for an effective use of various resources by rapidly evaluating
the food quality at a low energy cost. This strategy allows insects to max-
imize the benefits of diversity.

AGROCHEMISTRY, SOIL SCIENCE, PLANT PROTECTION AND QUARANTINE

Thus, the food recourses of insects are complex mixes of nutrition-
al and non-nutritive (sometimes toxic) compounds. Usually these
compounds include macronutrients (proteins, carbohydrates, and
lipids), microelements (vitamins and minerals), and water, all of which
directly participate in the physiological functioning of insects [64].
Some nutrients are essential and insects lack the ability to synthesize
them in their bodies and must obtain them from food or through sym-
biosis with beneficial organisms. Others such as nutritional additives
(stabilizers, preservatives, and dry compounds) and token stimulators
(secondary plant metabolites) do not have a nutritional function.

3. Evolutionary relationships between

phytophagous insects and plants

The tritrophic system “plant — phytophagous insect - ento-
mophagous animal” is one of the most significant subsystems within
an agroecosystem [65]. Analyzing this three-element system allows
us to distinguish the main components in the chain of organisms inter-
acting with each other. These components facilitate the main flow of
energy, matter, and information. Phytophagous insects are divided
into several categories based on their feeding specialization [66]: 1)
host specificity resulting in the ability of insects to survive and normal-
ly function only on plant recipients from certain systemic groups; 2)
topical specificity affecting the ability of species to normally develop
only on specific parts of plant recipients; 3) ontogenetic specificity lim-
iting insects to develop only on plant organs at specific growth stages
and in a certain morphological and physiological state [65](Vilkova
and Ivashchenko). According to N.A. Vilkova et al. [67], the adaptabil-
ity of arthropod species to intraspecific forms of fodder plants (vari-
eties, hybrids, and lines) should also be distinguished within the host
specificity. The main doctrine of ecology states there is an interaction
between a given system and its environment and this interaction is
determined by the responses of its inner components to external con-
ditions. The reported phenomena of plant resistance to consumers
assigned to different taxonomic ranks allow researchers to review and
broadly characterize the immunogenetic system of plants [68].

There are profound differences in the interactions of micro- and
macroorganisms with fodder plants [69]. These differences influence
many aspects of the vital functioning of organisms. Most notably, they
manifest in how arthropod pests actively choose fodder plants com-
pared to microorganisms. Most phytophagous insects live
autonomously and come into contact with plants at certain ontogenet-
ic stages. Among invertebrates, insects achieved the highest level of
anatomical development, and first of all, the development of the
organs of senses and movement. The advanced sensory system of
insects allows them to perceive and decode information from the envi-
ronment and respond accordingly. The ability of insects to choose
fodder plants actively depends on this factor [70]. Today the term
“plantimmunity” or phytoimmunity is used to denote the manifestation
of plant defense mechanisms against consumers [71].

Trophic relationships along with competition and mutualism are the
most basic and significant interactions in ecosystems. The patterns of
the formation and maintenance of trophic relationships in insect com-
munities within ecosystems are one of the most important fundamen-
tal problems in agroecology [72]. The characteristics of insects facili-
tating their rapid spread, reproduction, and adaptation to new environ-
mental conditions create the possibility of numerous trophic interac-
tions both within a given insect community and with other groups of
organisms, with plants in particular. Agroecosystems do not have the
same stability as natural ecosystems, the ecological groups and their
interactions with each other change constantly; new trophic relation-
ships develop. Phytophagous pests and entomophagous generalists
establish such relationships most actively [73]. Both phytophagous
pests and entomophagous generalists expand the population size by
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expanding their fodder resources. The nutritional needs of a phy-
tophagous insect is the basis for the interactions between this insect
and fodder plants. These needs are reflected in the unique feeding
specialization and adaptation of insects allowing them to use plant food
most effectively. The feeding specialization of phytophagous insects is
determined by the physiological and biochemical characteristics of
both plant recipients and phytophagous insects themselves [74]. Plant
resistance to phytophagous insects depends primarily on specific fac-
tors of plantimmunity that play the role of barriers limiting the number of
plant species and plant organs and tissues suitable for the feeding of
insects and mites. In contrast to animals, the phylogeny of plant
immunogenetic system has not been thoroughly studied. The factors
that determine plant resistance to arthropod pests have been
researched the least. Modern science views the system “phytophagous
insect - plant recipient” as a result of the coadaptation and coevolution
of phytophagous animals and fodder plants [75]. An important evolu-
tionary characteristic of these systems is the ability of phytophagous
insects to actively and intentionally search for optimal conditions for
feeding and reproduction (Burov et al., 2005). In particular, many
insects are adapted to feeding and reproduction on certain plant
organs and tissues at certain ontogenetic stages. Identification mecha-
nisms are well developed in the system “phytophagous insect - plant”
and allow insects to successfully spread, multiply, and feed on suitable
plant species. Searching for fodder plants, feeding on and digesting
their tissues, absorbing hydrolyzed food have a significant metabolic
cost [71]. Thus, plant recipients possess a number of specific traits
(morphological, physiological, etc.) that prevent phytophagous insects
from colonizing plant tissues. An act of insect feeding is a process with
a high metabolic cost, a chain of consecutive actions in the process of
nutrition-seeking activity [76]. The complex of hydrolytic enzymes in the
insect intestine is one of the main targets for plant defense responses
because these enzymes determine the availability of structural com-
pounds (proteins, sugars, and lipids) for phytophagous insects. For this
reason, the digestive enzymes of phytophagous insects play a key role
in the adaptation of insects to the pest resistance of fodder plants. For
instance, the synthesis of proteinase inhibitors in fodder plants as a
result of induced pest resistance might change the composition of
enzymes in the insect intestine. This terminates the effect of the
inhibitors. For example, feeding Colorado potato beetles the potato
leaves that were treated with jasmonic acid (the imitation of induced
resistance to insects) increases the expression of cysteine proteinases
in the intestines of the beetles. Asparagine proteinase inhibitors were
synthesized in the treated leaves [77]. Plant xenobiotics are trans-
formed in insect bodies primarily by the detoxification system [78]. For
example, the activity of esterases increases in the intestines of Myzus
persicae when these insects feed on tobacco plants with a high content
of niacin compared to feeding on pepper plants [79]. Esterase activity
increases in Spodoptera litura when fodder plants are rich in phenols
[80]. An increase in GST activity (an enzyme of the detoxification sys-
tem) was detected in the intestines of Spodoptera frugiperda and
Trichoplusia ni when they fed on a substrate with glucosinolates [81].
Glucose oxidase from the saliva of Helicoverpa zea larvae reduces the
synthesis rate of nicotine in Nicotiana tabacum plants as a response to
the acceleration of the nicotine synthesis induced by insect damage
[82]. In our opinion, the causes of the development of feeding special-
ization in phytophagous insect species are a question for discussion. It
is necessary to re-examine the needs of phytophagous insects as first-
order consumers because they define the character of their interac-
tions with fodder plants and to determine the factors that correct these
relationships. From the ecological perspective, the feeding specializa-
tion of phytophagous insects can be viewed as a means of preserving
and maintaining the stability of the system “producer — consumer”. The
complex of coadaptations forms between species in food chains in

dependence to a complicated constellation of antagonistic relation-
ships between consumers and food objects [83]. For example, we
observed that food resources had different effect on the potato ladybird
beetle populations depending on the genotype of the potato variety
[84]. The mechanisms of this influence are based on allelochemical
interactions in the system “phytophagous insect - plant recipient” [85].
Releasing metabolic products into the environment is the characteristic
of any living organism. The main biological principle (in both ontogeny
and phylogeny) is the consistent adaptation of one species to the meta-
bolic products released by other species into the mutual environment.
Each individual in an ecosystem releases different metabolic products
into the environment and thus creates specific environmental condi-
tions, which might be toxic, favorable or neutral for nearby plants, phy-
tophagous insects, and microorganisms [86]. In 1996, the International
Allelopathy Society expanded its definition of allelochemical interac-
tions by including any processes with the secondary metabolites pro-
duced by plants, microorganisms, viruses, and fungi and influencing
the growth and development of agricultural and biological systems [87].
Allelopathic interactions are one of the most complex interactions
because both direct and indirect effects are intertwined in this form. The
directinfluence is determined by the metabolites released by plants and
the indirect influence is connected to the activity of insects, microorgan-
isms, and fungi. The allelopathic influence can be not only negative but
also positive because plant and microbial discharge were found out to
contain all the discovered natural organic compounds [88]. The plants
damaged by phytophagous insects activate defense mechanisms,
which are constituted by several components, such as an increase in
the concentration of secondary metabolites, including phenols. An
infected plant having a higher concentration of phenolic compounds
might demonstrate a higher allelopathic activity when these com-
pounds are released into the environment. An increase in the concen-
trations of allelochemicals due to the damage caused by insects to
plants may also affect the synchronicity of the development of insects
and their predators [89]. In other words, it is supposed there are com-
binations of allelochemicals that might seriously harm insects but be
beneficial for their predators at the same time. Although the biosynthe-
sis, accumulation, and release of secondary metabolites, including alle-
lochemicals, are often organized through interpreting a signal by target
plants and the subsequent cascade of transduction, the new role of
allelopthy is the transduction of signals. This occurs when compounds
ofindirect effect are released into the environment because allelochem-
icals have a signal nature (referred to as semiochemical or chemical sig-
nals) in relation to acceptor plants [90]. A host plant can release these
chemicals as volatile compounds and root exudates not only from dam-
aged organs but also systemically from non-damaged ones, which are
activated at early stages of the signal cascade [91]. A secondary plant
metabolite is an allelochemical if it can directly or indirectly affect target
plant species, and the effect is allelopathic in this case [92].

Conclusion

To get an idea of the intraspecific structure, researchers can study
geographical and biotope populations within the habitat range of
species. From the evolutionary and ecological perspective, the diversi-
fication of population could be viewed as the process aimed at the most
effective adaptation to local conditions and resulting in the development
of ecological, genetic, and phenetic differences among them [93]. For
this reason, the agroecological monitoring of the consequences of
ever-increasing anthropological impact on agroecosystems should be
an essential element of modern technologies for crop production. The
monitoring should include the analysis of changes in species, intraspe-
cific, and intrapopulation biodiversity of allHevel consumers in agroe-
cosystems and, first of all, in the diversity of dominant and superdomi-
nant pests. These species can serve as test objects (bioindicators) for
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identifying the consequences of the anthropological transformation of
agroecosystems. The results of the monitoring should be considered
when developing zonal systems for phytosanitary management in
agroecosystems to achieve the high efficiency of plant protection
measures by hindering the adaptation of consumers to plant protection
products and other specific factors of agricultural production.
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