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The urgency of improving the condition of farm lands today is being solved by effective using fertilizers
and environmentally friendly plant protection means, mechanical equipment, introducing the results of selec-
tion work and other scientific achievements. The purpose of the study is to determine the peculiarities of the
system of integrated plant protection, taking into account their impact on yield environmental safety and soil
fertility. As the global tendency favors the eco-balance of plant protection, there is a need for rational using
agricultural technologies, which involve achieving a compromise between the desire to obtain a high envi-
ronmentally friendly yield and preserve soil fertility. It is the system of organic farming, which is based on
the specified complex of organizational, economic, and agro-technical measures and technologies. Peculiar-
ities of this system’s technologies, which provide optimization of crops’ phyto-sanitary condition, were de-
termined taking into account economic harmfulness levels of pests, diseases and weeds. The role of crop ro-
tation as the main agro-technical measure in preventing crop damage by pests incapable of active movement
and delaying the settlement of crops by insects, which damage seedlings and migrate from the previous year
crop rotation fields, was substantiated. The role of tillage system in weed control was determined taking into
account its impact on existing natural systems, creating favorable conditions for plant growth and develop-
ment, restoration and preservation of soil fertility. The expediency and peculiarities of using biological (bio-
cenotic) method in long-term pest control programs were substantiated. Methods were worked out in detail,
which affect the conservation and increase the effectiveness of zoophages’ natural resources: crop rotation,
tillage, sowing time, fertilization, weed control, forest-protective belts, using attractive crops, creating fa-
vorable conditions for their vital functions, terms and methods of harvesting. The place of chemical method
in the system of integrated plant protection and its negative impact on the environment was determined.
Measures to optimize the application of chemicals in agro-ecosystems were presented in order to adapt
farming systems to the requirements of environmentally friendly food production.

Key words: integrated plant protection, arable farming, agro-technologies, phyto-sanitary condition,
plant diseases.
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CYYACHA CTPATEI'TA IHTET'POBAHOI'O 3AXHUCTY POCJIMH

B. M. Ilucapenko, H. I1. Kosanenxo, I. J]. Ilocnenosa, M. A. Ilivyanenxo, H. 1. Heuunopenko,
0. JI. Hlepcmiok
[TonraBcrka nepkaBHA arpapHa akameMis, M. [lontasa, Ykpaina

Axmyanvricms nOANWENHS CIMAHY CITbCbKO2OCHOOAPCLKUX 3eMelb HA CbO2OOHI BUPTULYEMbCS ULTAXOM
eexmusno2o eukopucmanus 000pU8 ma exonoeiuHo 6e3neyHux 3acodie 3axucmy pociuH, 3ACMOCYEaAHMHs
3ac00i8 MexaHizayii, npoeadNCceHHsI pe3yIbmamie Cerekyiunoi pobomu ma iHWUX HAYKOBUX OO0CACHEHb.
Memoro docnidoicenns € usnaueHusi 0coOIUBOCMel CUCmemMu iHMesposano20 3axXUCmy poCiuH, 63a6uu 00
yeazu ix @naue Ha exoo2iuny Oezneunicmuv ypoxcaro ma poowuicmy rpynmy. OCKilbKU 3G2anbHOCEIM08a
meHOenYia Hadae nepesazy eKon02izayii 3axXucmy pociuH, mo GUHUKAE NOMpeda 6 payioHarbHOMY 6UKOPUC-
MAHHI A2POMEXHON02Il, SKI nepedbayams 00CASHEeHHA KOMAPOMICY MIdNC NPASHEHHAM 00epuCcamu 8UCOKULL
eKoJ102TuHO De3neunull ypooicail i 30epedicentss podiowocmi pyumy. Came cucmema opeaniuHo2o 3emaepooc-
mea i IPYHMYEMbCsl HA 3A3HAYEHOM) KOMIIEKCE 0p2aHi3ayitiio-20Cno0apCcokux ma a2pomexHiyHux 3axoois i
mexHonoeil. Busnaueno ocobnusocmi mexnonozit yiei cucmemu, sKi 3abe3neuyioms onmumizayio gimoca-
HIMAapHO20 CMAHY NOCIBIB, 36AJHCAIOUU HA eKOHOMIYHI NOpo2uU WKIOAUBOCHI WKIOHUKIG, X60p0ob i Oyp aHis.
Ob61pynmosano ponv CiO3MiHU AK OCHOBHO20 A2POMEXHIUHO20 3aX00Y ) 3an00ieaHHi NOUWKOONCEHHIO KYilb-
Myp WKIOHUKAMU, He 30amMHUMU 00 AKMUBHO20 NEpeMilyeHHs, ma 3ampumyi 3acesieHts Nocieie KoMaxamu,
AKI NOWKOONCYIOMb CXO0U I Mi2pYIomb 3 MOPIUHIX NONI6 CiB03MIHU. Busnayeno porv cucmemu oOpoOimky
Ipynmy 6 6opomu6i 3 Oyp Anamu, 63a6uu 00 yeazu 1020 6naU6 HA ICHYIOUI NPUPOOHI cucmemu, CMeopeHHs.
CHPUAMAUBUX YMOB OJIL pOCMY | PO3GUMKY POCIUH, 8IOHO8IEHH: ma 30epedcents pooiouocmi tpynmis. O6-
IPYHMOBAHO OOYLIbHICMb MA 0COOIUBOCTI BUKOPUCMAHHS 0i0NI02IuH020 (DioYeHOMUYH020) Memoody 8 008-
20CMPOKOBUX npozpamax 6opomvOU 3i WKIOIUSUMY OpeaHizMamu. [lemanizoeano memoou, AKi enauUeaioms
Ha 30epedicents ma nideueH s eheKmueHOCmi NPUPOOHUX pecypcis 300¢azie. ciso3mina, 0opodIimox py-
HmMY, CMPOKU Ci8OU, YOOOPerHs, 3HUWeHHs OYp 'aHi8, 1ic08i CMy2U BUKOPUCMAHHS NPpUBADII08AIbHUX NOCIBIE,
CMBOPEHHS CRPUATNAUBUX YMO8 O/ IXHbOI HcUmmeOQisibHOCMI, CIMPOKU | cnocobu 36upants epodxcar. Bu-
3HAYeHO Micye XIMIYHO20 Memody 6 cucmemi iHMesposano2o 3axXUcmy poCiuH ma Ho20 He2amueHull GNaUe
Ha HaskonuwiHe cepedosuwye. Hageoeno 3axoou 3 onmumizayii 3acmocy8ants XiMiuHux 3acodie 6 azpooio-
YeHo3ax 3 Memoio adanmayii cucmemu 3emaepoocmea 00 6UMO2 BUPOOHUYMEA eKONOSIUHO De3NeyHUX npo-
OYKMIi8 Xap4y6aHHs.

Kniouosi cnoea: inmezposanuii 3axucm pociuM, 3emaepoOCmeo, azpomexHonozii, @imocanimaphuii
CMau, Xeopoou pociuH.

The strategy of modern arable farming does not envisage the expansion of sown areas, but the improve-
ment of their using by the application of mechanical equipment, fertilizers, highly effective and environmen-
tally friendly plant protection products, improving selection work and other scientific achievements. Thus,
the relevance of our study is not doubtful and involves determining the features of integrated plant protection
system, taking into account their impact on the environmental safety of harvest and soil fertility.

For the effective using of soil fertility and plant genetic potential, scientists have developed and recom-
mended agro-technologies for growing crops, which can significantly increase the using of bioclimatic po-
tential to increase yields and improve product quality [26]. One of the important technological factors is the
optimization of phyto-sanitary condition of sown areas based on using methods of integrated plant protec-
tion. Modern protection system includes agro-technical, biological, chemical, physical, mechanical measures
and plant quarantine. The importance of these methods varies depending on crops, rotation system, fruit and
berry plantations. For field crops, agro-technical method has always been the main one and its role is grow-
ing due to the global trend of eco-balancing plant protection [24].

The strategy of integrated plant protection is based on agro-technologies, which are based on an attempt
to reach a compromise between the desire to obtain a high environmentally friendly yield and preserve soil
fertility. They are the foundation of organic farming system, based on a complex of organizational, economic
and agro-technical measures and technologies [16], which include: the structure of sown areas; the using of
perennial and annual legumes; scientifically substantiated crop rotations; shallow tillage; applying organic
fertilizers; green manure crops; high quality seed preparation; optimal terms of conducted work; applying
microbiological preparations; controlling economic injury levels of pests, diseases and weeds [25].
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The system stipulates complete refusal to use pesticides and mineral fertilizers, except some cases: seed
incrustation and the application of macro- and microelements to improve the properties of organic fertilizers
while processing manure into compost [6].

Based on our many-year research at private enterprise “Agro-ecology” in Shyshaky district of Poltava re-
gion, it has been established that the optimization of phyto-sanitary crop condition in organic farming is
based on taking into account economic injury levels of pests, diseases and weeds, as well as peculiarities of
technologies characteristic of this system and can be formulated as follows [14, 15, 21, 22]:

— the application of sufficient amounts of organic fertilizers, cultivation of perennial legume grasses
and green manure crops ensures optimal crop nutrition increasing their ability to compete with weeds, as
well as resistance to damage by certain pests and diseases’ causative agents;

— the structure of sown areas, active using of agro-phytocenology principles based on the expansion of
species and varietal composition of cultivated plants, refusing to use pesticides make it possible to increase
the effectiveness of natural entomophages and fungistasis of biocenosis, which reduces the number of pests
and in some cases inhibits diseases’ causative agents;

— animportant factor in optimizing phyto-sanitary condition is using the effect of auto-inhibitors in the
process of growing green manure crops and wide introducing the principles of poly-crop in farming;

— farm fields are covered with plants inhibiting weed growth throughout the vegetation period,;

— many-year shallow tillage (to a depth of 5 cm), in the layer of which most annual weeds germinate,
constantly reduces their number, which helps to clean up fields;

— harvesting most crops for green fodder, silage, haylage or hay in mowing ripeness phase, as well as
planting green manure crops contribute to the destruction of weeds, which do not have enough time to form
seeds, and also disrupt the life cycle of many pests (e. g., corn borer) and diseases of corn (root and stem
rots), alfalfa, sainfoin, cruciferous (cabbage) crops, and others;

— since weed infestation poses the greatest threat to row crops, the only proceeding crop for them on a
farm is winter wheat, which is usually grown after perennial grasses, occupied or green manure crops’ fallow
land, which are highly effective in cleaning-up fields from weeds;

— complying with regulations of following all technological measures in the process of crop cultivation
increases their effectiveness in weed control, which also restrains the amount of weeds on the verge of their
economic injury levels, as well as reduces plant damage by many pests and diseases;

— reducing the number of many leaf beetles, as well as decreasing the intensity of disease development
are ensured by timely treatment of plants with microbiological preparations;

— manure storage technology makes it possible to clean decomposed manure from weed seeds as much
as possible, interrupting their circulation on the farm;

— applying tillage units, which meet technological requirements of organic farming in terms of work
quality and weed control facilitates the decreasing of weed infestation.

Thus, the optimization of crops’ phyto-sanitary condition in organic farming is based on forming hetero-
geneous species and varietal structures of agro-ecosystems and placing the diversity (harmonious combina-
tion of crop growing and livestock farming) in the farm’s activity, when a favorable biocenotic state is creat-
ed, which stipulates conservation, increase in the number, and effectiveness of useful arthropods and micro-
organisms species and carrying out agro-technical measures, which are included in the technologies of culti-
vating crops and limit the activity of harmful organisms of agro-ecosystem [17, 18].

On the whole, according to the well-known scientist on plant protection M. S. Korniichuk [23], in inten-
sive technologies, timely and high quality agro-technical measures for 4-5 years under their proper interac-
tion enables to reduce the species diversity and amount of pests and pathogens to economic injury level,
eliminating the necessity to apply chemicals.

Agro-technical method of plant protection has more than a century long history, which began with the
work of provincial entomologist Y. K. Pachosky: “Mechanical tillage, as the best means of cereals pests’
control” (1900). Later, this method was developed by the scholars of Poltava State Agricultural Experimental
Station M. V. Kurdiumov and V. V. Znamensky, and in the former USSR - by V. M. Shchogolev [30],
I. F. Pavlov [13], and others. Since then, the complex of agro-technical measures has hardly changed, but it
has been supplemented with new materials obtained on the basis of scientific research.

So, one of the main agro-technical measures is crop rotation, the role of which is to spatially remove crop loca-
tion from pests’ reservation in previous year fields of its cultivation. Such measure is important in preventing damage
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by pests, which are unable to active movement (nematodes, larvae of bread beetles, larvae of beet root aphids, soil
microorganisms — the causal agents of plant root rots, etc.). This measure also delays the infestation of crops by in-
sects damaging sprouts and migrating from the previous year crop rotation fields [1, 19].

The distancing of each year winter crops from the fields where they were grown the previous year makes
it possible to prevent the spreading of cereal flies, cicadas, brown leaf rust causative agent, and other pests
from drops to new crops.

Post-mowing, post-harvesting and green manure crops are also important preventive measures in rotation.
Along with this, more and more binary crops are sown, which creates a more favorable phyto-sanitary situa-
tion in agro-biocenoses. For example, sowing oats with spring vetch inhibits the development of annual and
perennial weeds, and post-harvesting soil loosening also depletes rootstock weeds, which significantly re-
duces their amount [2, 3].

Sowing peas with white mustard creates unfavorable conditions for the development of pea aphids and
pea grain moth. Harvest separation is technically quite effective.

Binary mixtures of typhon with rye or triticale, oil radish with oats, strip sown areas of buckwheat with
millet and rye, and others are also promising. Post- harvesting, post-mowing, and binary crops in some cases
have unfavorable auto-inhibiting effect on weed development [9].

One of the leading places in modern integrated systems is occupied by tillage system. Its main compo-
nents are: main (autumn), pre-sowing, post-sowing and post-harvesting tillage, which provide high effective-
ness of weed control [7]. Under-winter plowing with stubble pre-peeling in autumn significantly inhibits the
reproduction of cereal flies, wheat thrips and cereal stalk sawfly, reducing their amount by 90 %. Moreover,
a large amount of leaf — horned beetles, Stenodiplosis panici, beet webworms, cutworms die; the amount of
causal agents of powdery mildew, rust, leaf spot diseases also decreases [13].

In the system of post-sowing tillage, rolling, pre-emergence and post-emergence harrowing and loosening
between rows at row crops cultivation remain effective methods of weed control. Moreover, harrowing is the
most effective measure at its carrying out during a “white thread” phase. By its timely conducting (usually
with light, and recently — spring-tined harrows), 90-95 % of weed seedlings is destroyed both between rows
and in protective zones [12].

Recently, in connection with the crisis phenomena (droughts) in moisture supply, tillage tools loosening
the topsoil less, without upsetting the balance of useful soil microorganisms, increasing organic matter con-
tent in the topsoil and retaining more moisture in arable land layer, are becoming more important, as their
application improves plant development and their resistance to pests [20, 27].

Therefore, the task of modern tillage system is to intensify production and simultaneously preserve the
existing natural systems. High yields, despite natural disasters, are obtained by those farms, which take into
account climate changes on the planet in their agricultural technologies. Instead of deep plowing, deep loos-
ening of the soil or surface tillage is carried out, at which the plant root system is not removed from the soil,
and after its death passages remain loosening the soil and creating favorable conditions for plant growth and
development [19].

At present, the working model in the theory and practice of arable farming is that for over 150 recent
years, black soils have constantly been degrading and losing fertility as a result of mass using shelf plows.
Many-year experiments of the Institute of Grain Economy of the National Academy of Agrarian Sciences of
Ukraine [29] have shown that deep plowing is still effectively mobilizing fertility potential and ensures a
higher yield (5-11 %) of grain crops than the methods of minimal tillage. But the future of restored land is
more important.

In integrated plant protection systems in the world and in Ukraine, in particular, there is a tendency to use
biological method. Biological preparations do not pollute the environment, manifest a high selective effect,
they are convenient for production and have inexhaustible resources for constant increasing volumes. There-
fore, the introduction of biological (biocenotic) method is a priority in long-term pest control programs [10].

The directions in biological plant protection can be summarized in the following scheme [8]:

- using natural resources of zoophages;

- replenishing agro-biocenoses with useful species of zoophages, which are absent there, or their den-
sity is insufficient;

- using microbiological preparations against both pests and diseases causative agents;

- using pheromones to break the links between pest sexes;

- using hormonal preparations, in particular juvenoids, and other biologically active substances, which
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disrupt the metamorphosis of harmful species.

No doubt, the using of resistant varieties is also an important element of bio-method.

The using of natural resources of zoophages is based on methods of preserving and increasing the effectiveness
of natural populations of useful organisms. The following methods should be mentioned [21-26, 28]:

Crop rotation. Periodic crop change in rotation system limits the accumulation of plant diseases causative
agents, pests and weeds, increases its bio-cenotic functions.

Tillage. Most diseases causative agents, pests and all weeds are connected with the soil in their develop-
ment. Tillage stimulates the activity of a number of natural entomophages and useful microbes.

Terms of sowing. In each case, they should be determined in such a way that harmfulness of phytophages,
diseases causative agents and the development of weeds on sown areas were minimal.

Fertilization. Ensuring optimal plant nutrition, as a rule, increases the endurance of plants to damage and
diseases.

Weed control. Traditionally, weeds are considered to be the reservoirs of harmful phytophages. They feed
on weeds at a time when cultivated plants have not yet emerged or have already been harvested.

Forest-protective belts and using attractive crops. In general, forest protective belts formed around fields
have a positive effect on phyto-sanitary situation on sown areas.

Creating favorable conditions for the activity of useful organisms. For this purpose, special agro-
technical measures have been developed. Among them there are the sowing of plants - nectar plants (phace-
lia, coriander, buckwheat, and others), on which these insects find additional nutrition.

Terms and methods of harvesting. Optimal harvest time allows to preserve the crop as much as possible
and to affect harmful and useful organisms, regulating the former and activating the latter ones.

The peculiarities of the tactics of applying toxic substances, which ensure the maximum preservation of
useful organisms, consists in the treatment of farm and forest plantations in terms, the least dangerous for
parasites and predators. These are twilight pesticide treatments, edge and strip treatments, etc. [11].

At present, in order to replenish agro-biocenoses with useful species of zoophages, the technologies of
breeding and using 30 species of insect-eaters are applied in the world practice as a real achievement of the
classical bio-method [10].

Seasonal colonization of trichogramma has become effective on field crops, and in protected soil — phyto-
seiulus mite, encarsia, galica afidomiza, and ambiseiulus mite.

Microbiological preparations are created on the basis of other bacteria, fungi or viruses. These biological
products, which are now used against crop pests, are divided into three groups by their action [27]:

- the first — preparations of entobacterin type (dendrobacillin, BTB, lepidocide);

- the second - preparations of boverin type (ashersonia, trichodermin, and others);

- the third — preparations made on the basis of obligatoty parasitic microorganisms — viruses, micro-
sporidia (ENSh virin, KSh virin, and others).

Among biological preparations to fight diseases causative agents, trichothecin, phytobacteriomycin
(FBM), and phytoflavin 100 are used most often.

The expansion of agro-technical methods to increase the activity of entomophages’ natural populations,
as well as the range of biological means and the scale of their application is becoming an important factor in
improving the environmental security of agricultural technologies [4-5].

Chemical method has been remaining an integral part of integrated plant protection system in our time
and in the future. Extensive applying pesticides led to a number of serious negative consequences. Environ-
mental and economic justification of the feasibility of using chemical plant protection means is one of the
requirements for the eco-balancing integrated plant protection. In the process of farming system adaptation to
the requirements of environmentally friendly food products, the optimization of applying chemicals in agro-
biocenoses will be carried out in the following way [14-16, 20-24]:

1. Improving integrated protection involves reducing the application of chemicals by increasing the scale
other techniques, taking into account the economic injury levels of using forecast and control over spreading
harmful organisms.

2. Improving the assortment of pesticides having less toxicity, greater effectiveness and often more selec-
tive. In the future, preference will be given to insecticides-regulators of insects’ growth and development,
which have not a biocide but a regulatory effect on pests. Concerning pathogens causing plant diseases, pref-
erence is given to highly effective complex preparations including several active substances. A great
achievement is the creation of preparations for seed incrustation, followed by seedlings’ toxication, which
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are effective against both pathogens and pests. Thus, new generation pesticides make it possible to imple-
ment more completely the genetic potential of varieties and hybrids, to obtain the maximum yield with great-
er environmental safety.

3. Improving the ways of applying pesticides. To protect field crops, pre-sowing seed incrustation and
spraying plants during the growing season will remain dominant.

Spraying plants against pests should be conducted, first of all on the basis of inspections and treatment of
field edge belts, without waiting till all area will be populated by them. When using pesticides against dis-
eases and weeds, tape application is more appropriate. Applying a mixture of different action pesticides is
promising, as it increases the toxicity of the mixture due to synergism, expands the spectrum and increases
the duration of action on harmful object, prevents the formation of resistance and reduces the number of
treatments [9]. Applying nitrogen mineral fertilizers in working solutions of pesticides makes it possible to
reduce the consumption amounts of pesticides by increasing the effectiveness of their action with nitrogen
fertilizers.

4. To increase the effectiveness of pesticide using and reduce their consumption amounts, it is expedient
to use adhesives and surfactants. Using pheromones can reduce the number of treatments by 2—3 times.

5. To prevent the resistance of phytophages and pathogens to plant protection means, it is necessary to
change preparations, use mixtures of fungicides having different chemical composition and mechanism of
action.

6. Expanding the use of intra-herbal therapy, or temporary toxication of seedlings, achieved by seed in-
crustation.

7. Using new effective pesticides with improved sanitary, toxicological and ecological characteristics (py-
rethroid and nicotinoid insecticides, chitin synthesis inhibitors, and others).

8. Applying selective action pesticides (pyrimor, and others), which destroy phytophages and are low-
toxic to entomophages.

9. Twilight pesticide treatments are environmentally important, at which the quality of plant covering
with pesticide solutions is improved and their negative impact on entomophages is reduced.

10. Improving technical equipment and complying with regulations for pesticides’ application. Thus,
chamber, auger-type and rotary-type mechanisms are promising for pre-sowing treatment (incrustation). Fan
and boot sprayers are used to spray plants during the growing season. Reducing pesticide consumption
amounts at low-volume spraying reaches 25-30 %.

11. Strengthening environmental requirements to pesticides by creating effective legislative acts to pre-
vent applying preparations having unfavorable sanitary, toxicological and environmental properties. Legisla-
tion in many countries allows selling, storing, and using pesticides only to professionals who have the appro-
priate qualifications and licenses giving the right to work with pesticides.

Conclusiones

Recently, taking into account harmful effect of pesticides on the environment and human health, there is a
tendency in the world to reduce their application. The connection of human with nature will increase in the
future. Therefore, in the XXI century, the using of chemicals in integrated plant protection will decrease. The
using of the latest and already well-known agro-technical and biological measures, resistant crop varieties,
mechanical equipment, and other effective environmentally friendly methods of pest control in agro-
biocenoses will increase. The system of integrated protection will be further developed to increase effective-
ness and environmental safety. The application of pesticides is already prohibited in organic farming com-
pletely.
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