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FORECASTING THE PHYTOSANITARY STATE
OF AGROCENOSES: INNOVATION DEVELOPMENTS

Goal. Development and implementation of new theories, methods, tech-
nologies and models that would allow more reliable forecasting of the deve-
lopment of pests and pathogens of agricultural crops. Methods. Analysis of
innovative development of the Institute of Plant Protection of the National
Academy of Agrarian Sciences of Ukraine and other institutions of the Scien-
tific and Methodological Center «Protection of Plants» for 2001—2020. Isola-
tion of those relating to the problem forecasting the development of pests and
pathogens of plant diseases in agrocenoses of Ukraine. Results. The concept
of formation of the phytosanitary state of crops and plantations under the
conditions of climate change has been developed. The theory of the dyna-
mics of the number of locusts and the prediction of emergency situations in
the agricultural sphere of Ukraine has been developed. The widespread use
of pheromone traps for diagnosing the phytosanitary state of agrocenoses of
Ukraine is recommended. The cyclicity of outbreaks of mass reproduction
of the Anisoplia austriaca beetle and the European corn borer was estab-
lished, depending on the amount of solar activity. The possibility of applying
GIS-technologies for the analysis of long-term data was studied. Predictive
computer programs (models) of harvest shortages of rapeseed, sunflower,
corn, sugar beet, and winter wheat from a complex of pests have been develo-
ped. An algorithm for the application of information technology programs
for the analysis of multi-year dynamics of the phytosanitary state of agro-
cenoses has been developed. The role of the developed computer model of
the development of leaf spots of grain crops in determining the moment for
the most effective application of fungicides has been established. Methods
of forecasting the development of pathogens of grape diseases in the South
of Ukraine have been developed. A system of forecasting the phytosanitary
state of agrocenoses of Ukraine in the conditions of the year and planning the
implementation of protective measures has been developed. Conclusions.
Innovative developments of the Scientific and Methodological Center «Plant
Protection» make it possible to solve the following issues at a modern level:
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forecasting changes in the agrosphere based on the analysis of a long-term
database of hydrothermal conditions and indicators of the phytosanitary state
of agrocenoses; prevention of emergency situations in the agricultural sector
on the basis of a modern monitoring system using GPS-navigation and the
development of regulations for carrying out protective measures; forecasting
the development of dangerous pests and diseases of agricultural crops; fore-
casting crop failures and determining the economic feasibility of chemical
plant protection; forecasting the appearance and spread of quarantine pests.

crops; agricultural sphere; agrocenoses; pests; pathogens; system of
monitoring; forecasting; GPS-navigation; computer programs; plant
protection

Climate change, which in recent decades has been manifested in
Ukraine due to the equalization of the temperature field, the increase in
the average annual temperature and the increase in the sum of the effective
temperatures, leads to a change in the length of the seasons, optimizes
the characteristics of the ecological factors of the environment for insects,
promotes their reproduction and spread. At the same time, the ecological
optimum of various types of harmful plant organisms is changing, the op-
timum zones for them are spreading to the north, due to which the pest
population density is increasing [1—4]. As a result of the aggravation of the
phytosanitary condition of agrocenoses, almost a third, and sometimes even
a half, of agricultural crops are not harvested [5, 6].

One of the important reserves for obtaining additional crops is the
protection of plants from harmful organisms. Forecasting is the basis for
planning and carrying out protective measures, determining the need for
chemical agents, as well as material and labour costs. But traditional me-
thods and ways of forecasting the phytosanitary state of agrocenoses are
still imperfect.

Goal of the work was to develop and implement new theories, methods,
technologies and models that would allow more reliable forecasting of the
development of pests and pathogens of agricultural crops.

Research methodology. The materials for the research were innovative
developments of the Institute of Plant Protection of the National Academy
of Agrarian Sciences of Ukraine and other institutions of the Scientific and
Methodological Centre «Plant Protection» for 2001—2020. From them,
those directly related to the issues of forecasting the development of pests
and pathogens of plants in agrocenoses of Ukraine were highlighted.

Research results. Scientists of the Institute of Plant Protection,
V.M. Remeslo Myronivka Institute of Wheat, Poltava State Agricultural
Research Station named M.I. Vavilov, Magarach National Institute for
Vine and Wine, Transcarpathian State Agricultural Research Station and
Subcarpathian State Agricultural Research Station of the Institute of Ag-
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riculture in the Carpathian Region NAAS have created 25 innovations in
the field of forecasting the phytosanitary state of agrocenoses of field crops,
orchards and grapes.

The concept of formation of the phytosanitary state of crops and plan-
tations under the conditions of climate change has been developed. It is
based on the analysis of a long-term database of hydrothermal conditions,
indicators of the entomological and phytopathological state of agricultural
crops and forecasting possible changes in the agrosphere. According to the
results of numerous analyses, a significant increase in the average annual
temperature, an increase in the sum of effective temperatures, and an equa-
lization of the temperature field have been observed in recent decades in the
conditions of Ukraine. At the same time, the annual amount of precipitation
changed little, but began to increase.

The theory of the dynamics of the number of locusts and the prediction
of emergency situations in the agricultural sphere of Ukraine has been de-
veloped. Thus, a modern locust monitoring system using GPS-navigation
and the regulation of anti-locust measures have been conceptually substan-
tiated. GPS allows to determine with great accuracy the geographical coor-
dinates of foci of increased number of locusts and to create a database on
the ecological characteristics of the stations (composition of phytocenosis,
physical and chemical properties of the soil, nature of the terrain), which
further contributes to reducing labour costs for monitoring by 5 times, in-
creasing the reliability of control population dynamics of this group of pests
and, at the same time, avoiding outbreaks of their mass reproduction [7, 8].

Much has been done in terms of improving the methods of diagnosing
the phytosanitary state of agrocenoses of Ukraine using the latest technolo-
gies. Thus, in modern systems of integrated plant protection, the wide use of
pheromone traps is recommended [9, 10]. For this, in the first half of May,
attractive traps with the pheromone of lepidopteran pests are placed on the
crops of sugar beet, winter wheat, corn, soybean, and on the plantings of
vegetable crops and potatoes. With their help, it is possible to establish the
start and duration of the flight of the turnip moth Agrotis segetum Schiff., the
European corn borer Pyrausta nubilalis Hb., and in the south of Ukraine,
the potato tuber moth Phthorimaea operculella Zell. Compared to the use
of troughs with noisy molasses, the labor productivity of the accountants
increases 10 times due to the increase in the daily rate of accounting to 250
hectares, as well as selective catching of certain types of butterflies. The
obtained reliable information regarding the dynamics of the development
of the turnip moth and the European corn borer allows timely planning of
effective measures to protect cultivated crops. The data on the detection
of the potato tuber moth is the basis for signaling the implementation of
quarantine measures.

The use of pheromone traps has improved the methods of monitoring
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and forecasting the development of pests of corn and soybeans in various
subzones of the Left Bank Forest-Steppe of Ukraine, as well as in Trans-
carpathia, and apple glaze in the orchards of the Autonomous Republic of
Crimea. The established long-term database on pests of corn and soybean
can be the basis for work on operational signaling and forecasting of the
entomological state of agrocenoses. The developed program for determining
the expediency of using plant protection means can be used in practice. At
the same time, a high level of reliability was noted in the determination of
corn and soybean crop shortages, deviation from real indicators — within
7.5—11%.

The system of pheromone monitoring of the main lepidopteran pests
of apple plantations of the Forest-Steppe of Ukraine under the conditions
of climate change, which is presented in the developed and issued recom-
mendations, is substantiated [11, 12]. The mathematical model (program)
«Economic expediency of the use of protective means on apple trees» has
been developed. Its use in practice allows you to save 10—15% of the har-
vest and reduce environmental pollution.

The cyclicity of outbreaks of mass reproduction of the Anisopia austria-
ca beetle and the European corn borer was established, depending on the
amount of solar activity. Algorithms for assessing the state of populations
and the degree of threat to agricultural crops from larvae and adults of bread
beetles have been developed, based on systematic records and calculations,
and the methods of multi-year and long-term forecasting of these pests have
been improved.

The possibility of applying GIS-technologies for the analysis of long-
term data was studied. For this purpose, an electronic database of ten-
year monitoring of harmful insects (eurygaster bug, May beetle Melolontha
melolontha L., turnip moth) in agrocenoses was created, a database of indi-
cators on the influence of abiotic factors (air temperature, rainfall) on the
development of these pests was analyzed, electronic maps were created that
reflect territorial zonal features of Ukraine, ecological specificity of regions
(combination of long-term information of phytosanitary diagnostics with
hydrothermal regime).

Predictive computer programs (models) of crop failures of rape due
to a complex of dominant pests and sunflower due to a complex of pests
have been developed, which are based on mathematical equations that take
into account the number of pests, their economic threshold of harm and
the complex economic threshold of harm for each entomological complex.

The interactive program «Plant Protection» includes a package of com-
puter programs for determining crop shortages of rapeseed, sunflower, corn,
sugar beet, and winter wheat from a complex of pests. It is a table in which
information is entered on the number of certain pests according to seasonal
complexes, crop losses due to them are automatically calculated and the
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economic feasibility of using protective means is determined. The computer
program allows in real time to transform operational environmental infor-
mation about the current phytosanitary status into economic categories —
possible crop shortages (in physical or monetary terms) and to determine
the economic feasibility of chemical plant protection.

An algorithm for the application of information technology programs
has been developed for the analysis of multi-year dynamics of the phytosa-
nitary state of agrocenoses, the components of which are: 1) transformation
of the information base of multi-year indicators of the number and distribu-
tion of pests into a multi-year electronic database; 2) transformation of the
information base of long-term indicators into its cartographic display using
computer programs; 3) consistent analysis of the dynamics of the number
and distribution of pests in order to create a forecast of the phytosanitary
state of agrocenoses and avoid epiphytotic situations.

The computer model of the development of leaf spotting of grain crops
is based on the use of the temperature sensitivity function of pathogens
(Septoria tritici, Puccinia recondita, Erysiphe graminis, Puccinia triticina) for
the minimum and optimal value of the duration of leaf surface moistening,
the calculation of the transition point of the development of a particular
disease in the zone exponential growth. Thus, the moment for the most
effective application of fungicides is determined.

Methods of forecasting the development of pathogens of grape diseases
in the South of Ukraine have been developed. Thus, it is necessary to take
into account the mycoflora of the bunches affected by the desiccation of
grape ridges, the vulnerability of varieties to this disease and the effective-
ness of treatments of grape plantations in the phases of berry growth, the
beginning of ripening and ripening against other diseases with approved
fungicides. Forecasts of the development of mildew and oidium turned out
to be adapted for different regions of viticulture in the named zone. It is ad-
visable to use a computer database on long-term meteorological conditions
of the Black Sea Lowland and a database on the development and degree
of spread of these diseases in grape plantations, on the basis of which to
develop seasonal and short-term forecasts.

The system of monitoring and forecasting the development of harmful
organisms on oilseed cruciferous crops (winter and spring rape, white, gray
and black mustard, red mustard) is based on the analysis of data on the
presence of a complex of pests and pathogens by crops, the application of
improved methods of diagnosis and forecasting of the phytosanitary state
of agrocenoses and forecasting possible harvest shortages. Thus, the use of
this development in practice allowed the scientists of the Subcarpathian
State Agricultural Research Station of the Institute of Agriculture in the
Carpathian Region NAAS to form a reliable forecast of the phytosanitary
state of oilseed cruciferous crops.
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The Institute of Plant Protection of the NAAS has developed a system
for forecasting the phytosanitary state of agrocenoses of Ukraine in terms
of the year and planning protective measures, which includes: 1) analysis
of agroclimatic indicators: temperature, humidity, precipitation, hydrother-
mal coefficient, sum of effective temperatures; 2) analysis of indicators of
the state of harmful organisms: number, distribution, degree of damage
to plants; 3) weekly operational information on the phytosanitary state of
agrocenoses of Ukraine; 4) recommendations on the expediency of using
protective equipment; 5) forecast of the development of harmful organisms
for the next year. At the same time, it is possible to adjust the system of
protection of agricultural crops, optimize the terms of application of che-
mical agents, save 10—50% of the harvest, improve its quality, and to a
large extent keep the environment clean [13—15].

Issues related to forecasting the phytosanitary state of agrocenoses are
extremely important for the activities of the Quarantine Service of Ukraine.
Thus, prognostic models of the spread of harmful and regulated organisms
in the western region of the country have been developed. Their component
is the establishment of the boundaries of the free zone, which is based on
the real absence of a harmful organism in this zone. In the case of orga-
nisms of limited distribution, to which the studied ones belong, the free
zone can be an uninfected part of the country in which there is a limited
infected zone. At the same time, the most typical symptoms of damage to
host plants by the studied organisms are taken into account. Timely and
qualitative forecasts of the appearance and spread of quarantine pests allow
to significantly reduce the costs of combating them and increase the yield
of agricultural crops.

CONCLUSIONS

Innovative developments of the Scientific and Methodological Center
«Plant Protection» make it possible to solve the following issues at a mo-
dern level:

e forecasting changes in the agrosphere based on the analysis of a
long-term database of hydrothermal conditions and indicators of the
phytosanitary state of agrocenoses;

e prevention of emergency situations in the agricultural sector on the
basis of a modern monitoring system using GPS-navigation and the
development of regulations for carrying out protective measures;

e forecasting the development of dangerous pests and diseases of
agricultural crops; forecasting crop failures and determining the
economic feasibility of chemical plant protection;

e forecasting the appearance and spread of quarantine pests.

Innovations in the field of forecasting the phytosanitary state of agro-

cenoses can be widely used by the protection and quarantine departments
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of the Department of Phytosanitary Safety, control in the field of seed
production and seedlings of the State Service of Ukraine on Food Safety
and Consumer Protection, as well as by institutions of an agrarian profile to
effectively solve scientific, practical, economic and environmental problems.

The research was conducted within the framework of the research pro-
gram 24 «Phytosanitary securing, quarantine and plant protection» («Plant
protection»); No SR 0121U000087.
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ITporno3yBanns (irocaHirapHoro crany arponeHo3iB: iHHOBaIjiiiHi po3po0Ku

Merta. Pospobka Ta BIIpOBaJI)KEHHs OHOBJIEHMX TEOPill, METOIMK, TeX-
HOJIOTiYHMX 3ac06iB Ta MOfeseit, sIKi 6 CIpysIIN Gi/IbIII JOCTOBIPHOMY IIPOTI-
HO3YBaHHIO PO3BUTKY LIKITHUKIB Ta 30YIHUKIB XBOPOO CibCbKOrOCIOmap-
CbKUX KynbTyp. Meroguka. AHanis iHHOBalliil, cTBOpeHux IHcTuTyTOM 32-
xucry pociH HanionanbHoi akafeMii arpapHuX HayK YKpaiHM Ta iHIIMMU
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ycraHoBamyu HaykoBO-MeTOAMYHOTO LIEHTPY «3aXUCT pocnuH» 3a 2001—
2020 pp. Bifgbip Tux, 1110 BUCBITIIO0Th TUTAHHSI CTOCOBHO IIPOTHO3YBaHHS
€HTOMOJIOT{YHOrO 71 (DiTOMATONMOTIYHOrO CTaHy arpoleHosiB. PesymbraTm.
PospobneHo koHnenuito ¢gopmysBaHHA (iToCaHITAPHOrO CTaHy IOCIBIB i
Haca/pkKeHb 3a YMOB 3MiHU KiiMary. Po3po6ieHo TeopeTnyHi OCHOBY II[OfI0
BJ3HAY€HH: IVMHAMIKM PO3BUTKY CapaHOBUX Ta ITONEPe>KeHHA KPUTUIHUX
cuTyauiit B arpocdepi. PekoMeH[0BaHO MIMPOKe 3aCTOCYBaHHs (HepOMOH-
HUX IAaCTOK /IS {iarHOCTUKY (iTOCaHITaPHOTO CTaHy arpolieHo3iB YKpaiHu.
BcTaHOBNIEHO IMK/IIYHICTD MAacOBMX PO3MHOXEHDb X/IIOHOTO JKyKa-Ky3bKI,
KYKYPYA35SHOTO MeTe/1Ka, [IOB’sI3aHY 3 BE/IMYMHOI COHSAYHOI aKTUBHOCTI.
BusueHo MO>x/MBicTDb 3acTocyBaHHs [1C-TexHONMOrIN 14 aHanisy 6araro-
piunux gaHux. Po3po6eHO MpPOrHO3HI KOMITI0TepHI mporpamu (Mogmeri),
SIKi JO3BOMIAIOTH BUSHAUUTHM HEFOOOPY BPOXKAiB PillaKy, COHALIHNUKY, KYKY-
PyA3H, OYpsKIB IIYKPOBMUX, MIIEHUII 03MMO] Bifj KOMIIZIEKCY LIKiFHMKIB. Bu-
SIBJIEHO MO>K/IMBOCTI aHa/Ii3yBaTy 6araTopiuny ayuHaMiky ¢irocaHiTapHOro
CTaHy arpoLeHO3IB 3a JIOIOMOIOI PO3pOOIEHOTO aIrOPUTMY 3aCTOCYBaH-
Hs nporpaM iHGOpMaLifiHNX TeXHOJOTill. BcTaHOB/IEHO poyb pO3po6IeHOI
KOMIT'IOT€PHOI MOJie/li PO3BUTKY IUIAMMCTOCTEI JIUCTS 3€PHOBUX KY/IBTYP
y BM3HAYeHHi ONTMMAa/JbHOTO MOMEHTY I e(pEeKTMBHOTO 3acTOCYBaHH:
xiMiyHMX 3ac06iB 3axucTy. Po3po6eHO MeTOAUKM LIOAO IPOTHO3yBaHHS
¢iTomaronorivyHoOro cTaHy BUHOrpagHMKiB Ha IliBgHi Ykpainu. PospobmeHo
MeTOJMYHI HiIXOAM LIOA0 CKIaJaHHS IIPOrHO3Y (iTOCaHITAPHOTO CTaHy ar-
POLIEHO3IB B YMOBAaX POKY Ta IVIAHYBAaHHA 3aXOMiB LIOMIO 3aXMCTy POCIH.
BucHoBxu. InHOBaniiHi po3po6ku HaykoBo-MeTORMYHOrO LEHTPY «3axXMCT
PpOCINH» JAOTh MiICTaBY JOCTOBIPHOTO BUPIlIEHH TAKUX NMUTAaHb: IIPOTHO-
3yBaHHsI 3MiH B arpocdepi Ha OCHOBI aHAMITUYHMX MaTepiasiB i3 6aratopiu-
HOI 6a3y faHMX rifpoTepMivHMX yMOB Ta iHpopMarii moao ¢irocanitapHo-
rO CTaHY arpoleHO3iB; yIepepKeHHs KPUTUYHIX CUTYalliit B arpocdepi 3a
BUKOPUMCTAHHS CYYaCHOI CCTEMI MOHITOPUHIY Ta pO3POOIEHHs pernaMeH-
Ty IPOBEJICHH 3aXVICHUX 3aXOJliB; IIPOTHO3YBaHHA €HTOMOJIOTYHOTO Ta ¢i-
TOIATO/IOTIYHOTO CTAHY arpolieHO031B; IIPOrHO3YBaHHSA BeIMYMHU Heo60py
BPOXKAI0 Ta eKOHOMiuHe OOIPYHTYBaHHsI XiMIYHOTO 3aXMCTy POCINH; IPO-
THO3YBaHHsA PO3BUTKY KaPAaHTVHHMX HIKiJHMUKIB.

CiIbChKOrocnoaapchKi Ky apTypH; arpocdepa; arponeHo3s; mKiIHUKA; 30y/1-

HUKH XBOPOO; CHCTeMAa MOHITOpPHMHIY; mporno3yBanns; GPS-uasiramis;

KOMII'IOTEepHi IPOrpamMu; 3aXucT POC/IUH
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