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Abstract: The article presents the results of many years of research on the
phytosanitary state of agricultural land for non-gregarious locust pests. As
polyphagous pests, non-gregarious locusts are one of the key destabilizing
factors in the production of economically important agricultural plants in
the agricultural regions of Northern Kazakhstan. Research on the long-term
population dynamics of non-gregarious locust pests to determine
bioecological regularities and factors influencing them for early forecasting
an increase in the number and rational planning of plant protection products
is very relevant. The studies were carried out in 1999-2019 based on the use
of data on the distribution of non-gregarious locusts in Akmola, Pavlodar,
Kostanay and North Kazakhstan regions. Numerical indicators of pest
colonization and abundance indices were used as diagnostic predictors
characterizing the phase state of species in a given year, which made it
possible to establish patterns of population dynamics of locusts. Based on
the research results, the authors concluded that the expected onset of certain
phases of the dynamics of the phytophagous population was not always
preserved and was subject to change under the influence of environmental
factors. The trend in the dynamics of the number of studied phytophages
depends to a large extent on the weather conditions of the previous and
current year, as well as on the full amount of volumes and compliance with
the necessary procedures. The data obtained can be proposed as criteria for
predicting the phase state of populations of non-gregarious locusts in
Northern Kazakhstan to justify and plan protective measures, as well as to
improve phytosanitary control over non-gregarious locusts.
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Introduction
Sustainable development of the agro-industrial

One of the factors contradicting the conservation
of biodiversity and ensuring phytosanitary safety is

complex is one of the priority areas in many countries
of the world, including Kazakhstan (Tokbergenova et al.,
2018). The development of this area is associated with
the currently relevant green technologies in
agriculture and the basic principles of sustainable
development, rational use of resources, conservation
of biodiversity and reduction of the negative impact of
pesticides on the environment (Zhang et al., 2019;
Abdalla, 2014; SICAICMARK, 2020).
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massive pesticide treatments used against locust pests
as the only method of crop protection in cases of
exacerbation of the phytosanitary situation
(Baibussenov et al., 2014). Despite the annually
carried out massive treatments against locusts,
nowhere is the phytosanitary situation as critical as in
arid and subarid zones, which occupy most of the
territory of Kazakhstan (Kurishbaev and Azhbenov, 2013;
Baybussenov et al., 2015; Azhbenov et al., 2015).
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access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
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Locusts are the most dangerous pests of economically
important agricultural plants in dry and arid climates in
Africa, Australia, the Middle East, East and Southeast
Asia (Malakhov and Zlatanov, 2020). Insects can
periodically massively reproduce under the influence of
anthropogenic influences, global climate warming and
other factors (Latchininsky and Sivanpillai, 2010;
Cressman, 2016). According to the UN Food and
Agricultural Organization (FAO), in the countries of
Central Asia, including Kazakhstan, outbreaks of mass
reproduction of certain dangerous species of locust pests
occur almost every year (FAOUN, 2020).

The most effective of the locust control methods is
the use of pesticides, based on the high biological effect
of chemicals on the insect and ground and ultra-low-
volume spraying are key protective measures against
these pests (FAOUN, 2014). However, the technology
based on the massive use of pesticides during the period
of outbreaks and infestations of locusts requires huge
expenses, destabilizes the ecological situation and
increases the pesticide load on ecosystems.

The locust control strategy should change depending
on scientific and technological progress, agricultural
technologies and attitude to environmental protection.
As an alternative, a transition from massive pesticide
treatments to the preventive management of the
populations of cannabis was proposed (Kurishbaev and
Azhbenov, 2013). This approach takes into account all
aspects of phytosanitary safety, including preparedness
and contingency plans.

The issue of non-gregarious locust pest management
in the agricultural regions of Northern Kazakhstan,
which cause no less harm than common locusts, remains
relevant (Axelsen et al., 2009; Sergeev, 2010). In these
regions, cereals are grown in large areas, primarily
spring wheat with high-quality gluten indicators and
many other economically important crops.

The prevailing non-gregarious locust pests in the
agricultural areas of Northern Kazakhstan are Dociostaurus
brevicollis (Ev.), Dociostaurus kraussi kraussi kraussi
(Ingen.), Stauroderus scalaris (F.-W.), Aeropus sibiricus
sibiricus  (L.), Pararcyptera microptera (F.-W.),
Chorthippus  albomarginatus albomarginatus (Deg.),
Euchorthippus pulvinatus (F-W.) (Childebaev and Kazenas,
2013; Akmollaeva, 2004).

In the northern states of the USA and Canada,
countries with similar climatic conditions to the northern
part of Kazakhstan, information is provided on the
harmfulness of such non-gregarious locusts as
Melanoplus  differenttialis, ~ Schistocerc  anitens,
Schistocercaa mericana and other species, where annual
damage to agricultural lands from these pests amounts to
20-30% (Lockwood and Sergeev, 2000). According to
the estimates of American specialists, non-gregarious locust
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pests in the north of the USA annually cause damage to
crops that equals 400 million USD (Hassanali et al.,
2005). If we talk about the cost of protective measures,
then in Wyoming alone, 7.4 million USD was spent on
pest management during the years of the increase in the
pest population (McNary et al., 2011).

In Kazakhstan, due to the polyphagous nature of
these phytophages and the direct proximity of crops to
pasture lands, there is a high risk in the event of their
mass colonization. According to the results of previous
research results (Baibusenov et al., 2014), non-
gregarious locust pests can cause damage to agricultural
land yield up to 41.1%. It has been established that with
a population of fewer than 8 individuals/m?, the yield
loss is 14.3-16.1% and with a population of more than 10
individuals/m?, it can reach 38.6-41.1%.

Until now, much attention has been paid to protective
measures against non-resident locusts based on the
Economic Threshold of Harmfulness (ETH) of their
number. After the population reaches a certain ETH, it is
necessary to carry out protective measures. Besides,
studies of the dynamics of the number of phytophages
were carried out, which made it possible to establish the
features of the development and reproduction of non-
gregarious locusts (Baibussenov et al., 2014).

To effectively manage populations of non-gregarious
locusts, it is necessary to improve the phytosanitary
forecast methods for the rational planning of protective
measures (Lomer et al., 2001). Today, there are many
questions regarding the interaction of the abundance of
locust pests with the environment and what unique
features these insects have in comparison with other
living organisms (Ariel and Ayali, 2015).

The purpose of this study is to analyze the
population dynamics of non-gregarious locust pests in
their entirety and to identify the regular trends of their
reproduction, population structure, phase variability
and dynamics of the number of phytophages in the
agricultural regions of Northern Kazakhstan. Locusts,
in contrast to many other insect pests, are
distinguished by an extremely dynamic population
and phase variability of the population. Therefore, the
establishment of patterns of changes in the dynamics
of the number of phytophages and diagnostic
predictors of forecasting populations is a priority task
in improving the phytosanitary control of locusts.

The use of the results obtained makes it possible to
improve phytosanitary monitoring and the progression of
non-gregarious locusts, as well as to substantiate
effective protective measures during the transition from
massive pesticide treatments to the preventive
management of locust populations.
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Materials and Methods

The objects of the study were the most common non-
gregarious locust species, such as Pararcyptera
microptera microptera (F.-W.), Dociostaurus brevicollis
(Ev.) and Podisma pedestris (L.).

The study used methods for analyzing the dynamics
of the number and population structure of pest species
(Sagitov et al., 2016). To study the dynamics of the
number and establish the phase of population variability
of insects, we used data on the distribution of non-
gregarious locusts in Akmola, Pavlodar, Kostanay and
North Kazakhstan regions for the period from 1999 to
2019 (MARK, 1999-2019).

The phases of population variability of locusts
(depression-population  increase-mass  reproduction-
population  peak-population  decline) have been
established using statistical and mathematical methods
based on an analysis of the dynamics of population
numbers over many years (Azhbenov, 2013). In locusts,
five phases of population variability are distinguished:
Depression is the phase when the population is very
small and remains only in areas of normal abundance;
population increase occurs when the living conditions
for the species improve and biotopic populations capable
of intensive reproduction are formed; mass reproduction
is the phase where pests are characterized by high
vitality and increased resistance to mortality factors,
their number is growing rapidly; population peak is the
phase when reproduction weakens, the resistance of
populations to mortality factors decreases, natural
enemies become more active and resistance to pesticides
decreases; population decline is the phase where the
populations do not reproduce and remain only in areas of
normal abundance (Dubrovin et al., 2011).

The establishment of the phase of population
variability of non-gregarious locusts was carried out
according to the indicators of the pest colonization and
the abundance level and abundance indices (Azhbenov,
2013). The main indicators of locust colonization and
values of the locust abundance level are the relative
(Colyer), basic (Colyas) and absolute (Colaps) colonization
calculated using formulas 1-3:

Col,, = A, *100/ A, (1)
COl,y, =[ Ay (0-5)D,, (0-5)]+...+

)
[Am (>30)D,, (> 30)} / Acol
Col,,, = Col,,, *Col,,, /100 @)

where, Colye is the relative colonization in %, Aca is the
colonized area in thousand hectares, A (0-5), .. (>30) is the
colonized area with the colonization density in individuals

per 1 m? in thousand hectares, Asur is the surveyed area in
thousand hectares, Colyss is the basic colonization in
individuals per 1 m? Dav (0-5) ... 030; is the average
density of the population in individuals per 1 m?, Colas is
the absolute colonization in individuals per 1 m?.

The abundance indices describing the intensity and
phase of the breeding status of the population include the
coefficient of dispersity (Cais), the coefficient of
colonization (Ccol), the reproduction coefficient (Crep),
the energy of dispersal (Eais), the energy of reproduction
(Erep) and the coefficient of progradation (Cp),
calculated using formulas 4-9:

Cyo =Col,y /COly 4)
Coo = C0ly / Col iy / Col oy 5
Crea =Cyis *Cqyy (6)
Eas = Cag) * Casiy (7
Eree = Craat * Coeagi 8
Co =Eg *Er ©)

Where, Cgis, Ceal, Crep and Cp are the coefficients of
dispersal, colonization, reproduction and progradation,
Edis and Erep are the energy of dispersal and reproduction,
Colret, Colpas and Colas are the relative, basic and
absolute colonization, j is the indicator in the jth year, (j-
1) is the indicator in the (j-1)th year.

Selyaninov Hydrothermal Coefficient (HTC) was
calculated using formula 10:

C=R=*10/3t (10)

where, R is the sum of precipitation in millimeters for
the period with temperatures above + 10°C, Xt is the sum
of temperatures in (°C) for the same time.

Results and Discussion

The Main Patterns of Population Dynamics of Non-
Gregarious Locust Pests in Northern Kazakhstan

As a result of the analysis of data on the distribution
of locusts in Akmola, Pavlodar, Kostanay and North
Kazakhstan regions for the period from 1999 to 2019, we
established the dynamics of the colonization indicators
and values of the abundance level by years, as well as
the abundance indices of non-gregarious locusts.

Table 1 shows the dynamics of the colonization
indices and the abundance level of non-gregarious
locusts, such as relative (Colr), basic (Comas) and
absolute (Colaps) colonization for 1999-2019.
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Quantitative changes in population processes over time
can be displayed using abundance indices. These indicators
characterizing the change in the number of non-gregarious
locusts, the intensity of reproduction and the dynamics of
populations include the coefficients of dispersal (Cuis),
colonization (Cca), reproduction (Crep), progradation (Cpr)
and the energy of dispersal (Eqis) and reproduction (Erep).

Table 2 presents the dynamics of indicators of the index
of the number of non-gregarious locusts, including the
coefficient of dispersal (Css), the coefficient of colonization
(Cea), the coefficient of reproduction (Crep), the energy of
dispersal (Eds), the energy of reproduction (Erp) and the
coefficient of progradation (C,) for 1999-2019.

Figure 1 shows the dynamics of the indices of the
number of non-gregarious locusts, such as the
coefficients of reproduction (Crep) and progradation (Cpyr)
and the energy of dispersal (Edis) and reproduction (Erep)
by year for 1999-2019 in the agricultural regions of
Northern Kazakhstan.

From the data in Table 2 and Fig. 1, it can be seen
that the greatest prognostic value is represented by year-
to-year variations in the relative and absolute
colonization (Colre, Colays), the energy of dispersal and
reproduction (Egis, Erp) and the coefficients of
reproduction and progradation (Crep, Cpr).

Table 3 shows the established diagnostic predictors of
the state of the phases of the population dynamics of non-
gregarious locusts (depression-population increase-mass
reproduction-population  peak-population decline) and
Table 4, based on these diagnostic predictors, identifies the
analyzed years, which are characterized by one or another
phase of the dynamics of phytophage populations.

From the data in Tables 3 and 4, we can see that,
according to the diagnostic indicators of the onset of the
population dynamics phase of non-gregarious locusts,
depression took place in 2002 and 2003, population
increase in 2001, 2004, 2007, 2008, 2015 and 2019,
mass reproduction in 1999, 2005, 2009, 2012 and 2016,
population peak in 2010, 2013 and 2017 and population
decline in 2000, 2006, 2011, 2014 and 2018. However,
the sequence of the onset of the phases of the dynamics
of the locust population according to the “depression-
population increase-mass reproduction-population peak-
population decline” scheme is not always observed.
Thus, after the population decline in 2000, in 2001, there
was a population increase, skipping the depression phase
and in 2002, there was depression instead of an increase.

Factors of Population Dynamics of Non-
Gregarious Locust Pests on Agricultural Land in
Northern Kazakhstan

According to researchers (Yu et al., 2009), long-term
fluctuations in the number of locust pests largely depend
on weather and climatic conditions and various
anthropogenic factors (pesticide treatments, agricultural
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technologies, etc.). Large-scale changes in agrocenoses
have a noticeable effect on locust population dynamics.
Under these conditions, the population increase and mass
reproduction of phytophages lasted 4-5 years and the
migration of insects from uncultivated lands to crops
became regular (Toleubayev et al., 2007).

Meanwhile, fluctuations in the population dynamics
of non-gregarious locusts depended to a greater extent on
abiotic and, to a lesser extent, on biotic factors
(Baibussenov et al., 2014). It turned out to be more
convenient to characterize and express the peculiarities
of weather and climatic conditions using indicators of
the HTC since the HTC reflects both thermal conditions
and moisture conditions of the year.

Various studies (Yao and Zhang, 2007; Stolyarov,
2000; Kurishbaev and Azhbenov, 2013) provide data on the
relationship between solar activity cycles and the dynamics
of the number of gregarious locust pests (the desert locust,
the Italian locust, the Moroccan locust, the Asian locust). In
our observations for 1999-2019, we found no correlation
between non-gregarious locust pests and solar activity.

Of the anthropogenic and technogenic factors, the
largest impact on the dynamics of the number of
phytophages studied was exerted by large-scale land
development, as well as violations of the regulations for
carrying out protective measures or the complete absence
of protective measures (Azhbenov et al., 2015).

Arid and hot growing seasons are favorable for the
development and reproduction of locusts. Wet and cool
weather, on the contrary, negatively affects their
development and reproduction, leading to a decline in
their numbers (Sergeev, 2010). To identify the
relationship between the population dynamics of non-
gregarious locusts and weather and climatic conditions,
an analysis was made between the following variables:
HTC as an indicator of the hydrothermal coefficient of
the analyzed year and C, as the coefficient of pest
population progradation for the analyzed year.

Figures 2 and 3 show the curves for the dynamics of the
above indicators for the period from 1999 to 2019, which
makes it possible to see the relationship between them.

From the data in Figs. 2 and 3, it can be seen that
there is a relationship between the population dynamics
of non-gregarious locusts and the HTC indicators in
certain years. In general, the population increase
coincides with dry and hot or warm years (HTC>
0.20-0.55) and the population decline is observed
mainly in cool and rainy years with HTC values <0.75-
0.90. However, sometimes there are exceptions to the
rules. Thus, in 2003, despite the dry and hot weather
with the HTC = 0.3, the depression phase continued,
having begun in 2002 with the HTC 0.8. The
progradation coefficient (Cyr), indicating the change in
the dynamics of the number by years, was subject to
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sharp increases and drops in the period 1999-2006 and
from 2006 to 2018, it was in a state of fluctuations.
Pesticide treatments have a great influence on the
dynamics of the locust population, especially in cases
of violation of regulations or when the areas to be
treated with a population above the ETH remain

untreated and migratory locusts
territories (Azhbenov et al., 2017).
Figure 4 shows the population dynamics by years
in the area infested by non-gregarious locust pests
above the ETH and the volume of chemical treatments
with pesticides in Northern Kazakhstan in 1999-2019.

populate new

Table 1: Colonization of agricultural land by non-gregarious locusts in Northern Kazakhstan (Akmola, Kostanay, Pavlodar and North Kazakhstan

regions), 1999-2019

Colonization
Surveyed area, Colonized,
Years thousand ha Asur  thousand ha Acol Relative, % Colrel Basic, individuals/m? Colbas Absolute, individuals/m? Colabs
1999 7,650.5 6,789.1 88.7 6.30 5.50
2000 13,210.1 3,717.2 28.1 1.00 0.20
2001 8,312.2 3,456.5 415 8.10 3.30
2002 1,455.5 453.3 31.1 7.30 2.20
2003 2,312.3 789.9 34.1 5.60 1.90
2004 1,154.7 464.1 40.2 6.00 2.40
2005 822.03 636.1 774 4.90 3.70
2006 1,596.3 1,027.8 64.4 4.80 3.00
2007 1,437.05 1,045.9 72.8 5.40 3.90
2008 1,256.7 917.4 73.0 6.00 4.30
2009 1,467.9 1,157.4 78.8 6.70 5.20
2010 832.9 701.6 84.2 5.70 4,70
2011 1,185.5 925.2 78.0 5.60 4.30
2012 2,480.7 2,001.2 80.6 6.70 5.40
2013 1,235.7 939.8 76.0 5.50 4.10
2014 1,520.5 957.9 76.1 3.50 2.90
2015 452.1 368.2 81.4 6.30 5.10
2016 450.0 389.9 86.6 6.70 5.80
2017 373.7 295.8 79.1 7.30 5.70
2018 345.3 213.8 61.9 2.30 1.40
2019 337.0 276.7 82.1 3.30 2.70
Sx 761.52 388.97 3.58 0.42 0.28
Ax 1,588.5 811.4 7.50 0.88 0.58

Table 2: The abundance indices of non-gregarious locusts in Northern Kazakhstan (Akmola, Kostanay, Pavlodar and North Kazakhstan regions),

1999-2019

Coefficient of Coefficient of

Coefficient of

Energy of Energy of Coefficient of

Years dispersal, Cgis colonization, Ceq reproduction, Crep dispersal, Egis reproduction, Erep progradation, Cp
1999 2.1 0.8 1.60 - - -
2000 0.3 0.1 0.03 0.6 0.04 0.02
2001 14 8.1 11.20 0.4 0.80 0.30
2002 0.7 0.9 0.60 0.9 7.10 6.30
2003 1.0 0.7 0.70 0.7 0.40 0.20
2004 11 1.0 1.10 11 0.70 0.80
2005 1.9 0.8 1.50 2.1 1.60 3.30
2006 0.8 0.9 0.70 15 1.10 1.60
2007 1.1 1.1 1.20 0.8 0.80 0.60
2008 1.0 1.2 1.20 11 1.40 1.50
2009 1.0 1.1 1.10 1.0 1.30 1.30
2010 1.1 0.8 0.80 11 0.90 0.90
2011 0.9 0.9 0.80 0.9 0.70 0.60
2012 1.0 1.2 1.20 0.9 0.90 0.80
2013 0.9 0.8 0.70 0.9 0.80 0.70
2014 1.0 0.6 0.60 0.9 0.40 0.30
2015 11 1.8 1.90 11 1.10 1.20
2016 1.1 1.1 1.20 1.2 2.20 2.60
2017 0.9 1.1 0.90 0.9 1.10 0.90
2018 0.8 0.3 0.20 0.7 0.20 0.10
2019 1.3 1.4 1.80 1.0 0.40 0.40
Sx 0.11 0.47 0.10 0.10 0.43 0.20
AXx 0.23 0.98 0.21 0.21 0.90 0.42
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Table 3: Diagnostic predictors of the state of the phases of the population dynamics of non-gregarious locust pests in Northern Kazakhstan

The phase of pest population dynamics

Population Mass Population Population
Diagnostic indicators Depression increase reproduction peak decrease
Relative colonization, %/Asur 0-35 35-75 75-100 75-50 50-35
Absolute colonization, individuals/Asur 0-2 2-4 4-6 6-4 4-2
Energy of dispersal 0.1-0.9 0.9-1.1 1.1-2.0 2.0-09 0.9-0.1
Energy of reproduction 0.1-0.7 0.7-1.5 15-1.7 1.7-0.7 0.7-0.1
Coefficient of reproduction 0.1-0.7 0.7-1.2 1.2-16 1.6-0.7 0.7-0.1
Coefficient of progradation 0.1-0.3 0.3-1.5 15-3.3 3.3-0.3 0.3-0.1
Table 4: The established phases of the population dynamics of non-gregarious locusts depending on diagnostic predictors, 1999-2019
The phase of pest population dynamics Analyzed years
Depression 2002, 2003
Population increase 2001, 2004, 2007, 2008, 2015, 2019
Mass reproduction 1999, 2005, 2009, 2012, 2016
Population peak 2010, 2013, 2017
Population decrease 2000, 2006, 2011, 2014, 2018
12
St. deviation:
Crep = 2.27
Edis = 0.35
10 Erep = 1.477

Cor=1.45

0

—8—Crop —® -+AX -+ - -AX —o—Egis — -+AX -+ - -AXx—8—Erep —» - +Ax- & - -AX—8— Cpr —s -+AX s - -AX

Fig. 1: Dynamics of the abundance indices of non-gregarious locust coefficients of reproduction (Crep) and progradation (Cpr) and
the energy of dispersal (Edis) and reproduction (Erep) by years in Northern Kazakhstan, 1999-2019
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Fig. 2: Dynamics of the HTC indicator by years, on average in Northern Kazakhstan for 1999-2019
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Fig. 3: Dynamics of the indicator of the coefficient of progradation (Cpr) by years, on average in Northern Kazakhstan for 1999-2019
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Fig. 4: Population dynamics by years in the area infested by non-gregarious locust pests above the ETH and volume of chemical
treatments with pesticides in Northern Kazakhstan in 1999-2019

From the data in Figures 2 and 3, it can be seen that
the infested areas with the pest population above the
ETH were treated on average by 53.4 and 46.6% of the
infested locust lands remained uncultivated. The
situation is even worse in the years where high numbers
of non-gregarious locusts are observed, i.e., in 1999,
2009, 2010, 2011, 2012, 2013 and 2014. During this
period, only 1 million 810 thousand hectares were
treated with pesticides, which is 51.9% of the area
subject to treatment with a pest population above the
ETH (3 million 488 thousand hectares) and 1 million
678 thousand hectares (or 48.1%) of the area infected by
locusts remained untreated.
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Serious omissions in the organization of chemical
treatments lead to a sharp deterioration in the
phytosanitary situation due to the migration of locusts
from untreated dangerous foci and their colonization
of new territories. Such violations of the chemical
treatment regulations undoubtedly lead to an increase
in the distribution of locusts for the next year
(Azhbenov et al., 2017).

An analysis of the long-term experience of locust
control companies showed that the technology of
massive pesticide treatments had the following
undesirable consequences (Kurishbaev and Azhbenov,
2013; Baibussenov et al., 2014; Azhbenov et al., 2015):
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e In the context of global climate change, the
effectiveness of the technology was low and did not
provide suppression of dangerous pests

Due to the extermination of natural enemies and
natural epizootics, the duration of the locust mass
reproduction phase was extended

The violation of the processing regulations and
the presence of flaws became a factor of
migration, colonization of new territories and
damage from locusts

Pesticide treatments had undesirable effects on
the environment and increased the pesticide load
on ecosystems

We believe that the only possible alternative to the
technology of massive pesticide treatments is the
preventive control of locusts, which has a solid
scientific basis and is confirmed by extensive practice
(Kurishbaev and Azhbenov, 2013; Baibussenov et al.,
2014; Azhbenov et al., 2015).

Conclusion

One of the most pressing issues of the modern
development of agriculture is the problem of land
infestation by gregarious and non-gregarious locusts in the
context of global warming. So far, the only method used
against locusts is the massive use of pesticides, based on the
high biological effect of chemicals on the insect, although it
is known that this technology often leads to undesirable
consequences. The locust control strategy should change
depending on scientific and technological progress,
agricultural technologies and attitude to environmental
protection. In this regard, studies of the population
dynamics of non-gregarious locust pests to improve
phytosanitary control are highly relevant.

Based on the results of the research carried out, it is
possible to draw the following conclusions:

1. Periodic mass dispersions of non-gregarious locusts
in agricultural regions of Northern Kazakhstan are
becoming a risk factor for the production of
economically important cultivated plants due to
the polyphagous nature of those phytophages and
the immediate proximity of agricultural lands to
dangerous foci

For the first time, the developed diagnostic
predictors of the population dynamics phase are
used to analyze the population dynamics of non-
gregarious locusts. The greatest prognostic value
is represented by year-to-year variations in the
relative and absolute population (Colri, Colays), the
population indices such as the energy of dispersal and
reproduction (Egis, Erp) and the coefficients of
reproduction and progradation (Crep, Cyr)
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We have established a relationship between the
population dynamics of non-gregarious locusts and
HTC. It was revealed that the population increase
coincided with dry and hot or warm years (HTC>0.20-
0.55) and the population decline was observed mainly
in cool and rainy years with HTC <0.70-0.90
Violations of the regulations for chemical
treatments have a significant impact on the
population dynamics of non-gregarious locusts.
Thus, the analysis of the population dynamics by
years of locust colonization and the volume of
chemical treatments in Northern Kazakhstan for
1999-2019 showed that 46.6-48.1% of the areas to
be treated with a pest population higher than the
ETH remained unprocessed. Violations of the
regulations on chemical treatments lead to an
increase in the spread and harmfulness of locusts.
The traditional technology of massive pesticide
treatments requires enormous costs, destabilizes the
ecological situation and increases the pesticide load
on ecosystems. Great opportunities appear as a
result of the transition to preventive technology for
locust control based on the use of gentle plant
protection products to reduce the negative impact of
pesticides on the environment, the use of modern
methods of phytosanitary monitoring
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