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Hem n TemaTuka. XXypHan Becmuuk Poccutickozo ynusepcumema opyscowi Hapooos. Cepusi: Aepornomus
u arcusomno600cmeo (Becmuux PYIIH. Cepusi: Aepornomus u 3cugomHo800cme0) — NMEPUOANUECKOE PEIICH3HUPY-
eMoe Hay4YHOE M3JJaHue B 00JIaCTH CeNbCKOT0 X03sicTBa. JKypHai sBIsieTcss MeXIyHapOIHBIM KaK [0 COCTaBy
ABTOPOB U TEMaTHKe ITyOJIMKaLHi, OTpaKaloIIel MpoOieMaTHKy HayYHBIX HCCIIEJOBAHNS B Pa3IMYHBIX PETHOHAX
MHpa, TaK U [0 COCTaBY PEIAKIMOHHON KOJJIETHH U SKCIEPTHOTO coBeTa (pereH3eHToB). XKypHan mpeaHasHa-
4eH 1T MyOnuKanuii pe3ynbTaToB (yHIaMEHTANbHBIX U MPUKIAAHBIX HAYYHBIX HCCIECIOBAHMN POCCHICKUX
1 3apyOeXHBIX YUEHBIX B BUJIC OPUTUHANBHBIX HAYyYHBIX cTaTel, 0030pHBIX HAYYHBIX MAaTE€PUAJIOB, HAYIHBIX
coolmenuii, oubamorpaduaeckux 00630pOB MO ONpeeTIeHHBIM TeMaM HayYHBIX HcClieoBaHuH. Taxke xKypHail
MyOIUKyeT U PpacHpoCTpaHsIeT pe3yabTaThl (yHIAMEHTAIbHBIX U MPUKIAJHBIX HCCIETOBAHHUMN, TPOBOJUMBIX
B KOJUTA0OPAIMK OTEUECTBEHHBIX M 3apYOeXKHBIX YYEHBIX 110 IPUOPUTETHBHIM IPoOJIeMaM CeNbCKOX03SHCTBEHHON
otpaciy. B sxypHane MoryT OBITh OIyOJIMKOBaHBI MaTepUaibl, HaydHas IEHHOCTh KOTOPBIX M MPHTOJHOCTD IS
myOJIMKalMyY OIleHeHa PeleH3eHTaM1 M PelaKIIMOHHON KoJulerneil )xypHana. Bo Bcex MaTepuanax JOKHBI
COOJIIOAATHCSI ATUYECKHE HOPMBI HAYYHBIX ITyOIHKaLUH.

PenakumonHas KoJulerus NpUHUMAeT K PACCMOTPEHHIO MaTephalbl 10 HAINPaBICHHUSIM: arpOHOMUS,
JKMBOTHOBOJICTBO, BETEpHHAPHs1, 300TEXHNUSI, BETEPUHAPHO-CAHUTApHAs IKCIIePTH3a, TEXHOC(hepHast Oe30MacHOCTb,
3eMJICYCTPOHCTBO M KaJacTpBl, JaHAMA(THAS apXUTEKTypa — JUIS HOATOTOBKH TEMATUYECKUX BBITYCKOB C yda-
CTHEM NPUTJIAIIEHHBIX PEIAKTOPOB.

JKypHai pekOMEHIOBaH JuCcepTalMOHHBIMU coBeTamu PY/IH; BXoauT B mepedeHp W3IaHui, Ty OIHKaIuH
KOTOPBIX YUUTHIBAaIOTCS Bricmieil arrectanmonnoit komuccueit Poccun (BAK P®) npu 3amute nuccepranmit
Ha COMCKaHNE yYEeHBIX CTeIeHEeH KaHauaaTa u J0KTopa Hayk no crenuaiapHocTsM: 03.02.01 boranuka, 03.02.13
Tlousosenenue, 06.01.01 Obmee 3emienenue pacrenneBoacTBo, 06.01.02 Menmopanust, peKyIbTHBALIS 1 OXpaHa
3emenb, 06.01.04 Arpoxumust, 06.01.05 Cenekimst 1 CEMEHOBOJCTBO CEILCKOXO3SIMCTBEHHBIX pactenuid, 06.01.06
JIyroBOACTBO 1 JIeKapCTBEHHBIE (HUPHO-MaCIHIHbIe Ky IbTypsl, 06.01.07 3ammra pacrenuii, 06.01.09 Oomeso-
c1BO, 06.02.01 /InarHoctuka GOJIC3HEH U TepaIks )KUBOTHBIX, MTATOJIOTHS, OHKOJIOTHS M MOP(HOIOTHSI KUBOTHBIX
(BerepuHapHbie Hayku), 06.02.02 BerepunapHas MEKPOOHOJIOTHSI, BUPYCOJIOTHSI, STU300TOIOTHS, MUKOJIOT U
C MUKOTOKCHKOJIOTHEH ¥ UMMYHOJIOTHS (BeTeprHapHbie Hayku), 06.02.04 BereprnapHas xupyprust (BeTepUHap-
Hble Haykn), 06.02.07 Pa3BeneHne cenekys 1 reHeTHKa CelTbCKOX03sICTBEHHBIX KUBOTHBIX (CENTbCKOXO03SCTBEH-
Hele Haykn), 06.02.10 YacTHas 300TeXHUS, TEXHOIOTHS IPOU3BOCTBA MPOIYKTOB KUBOTHOBOJCTBA (CEBCKO-
XO3SMCTBEHHBIE HAYKH).

TpeboBaHUS K CTaThSIM H IPaBUIIA PELIEH3UPOBAHHSA, IIEKTPOHHBIA apXUB B OTKPHITOM JOCTYTIE U HHAs
JIOTIONTHHUTENFHAS HHPOPMAIHS pa3MeIleHb] Ha caiiTe )xypHaua: http://agrojournal.rudn.ru.
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Abstract. Today, green nanotechnology has great importance due to the presence of different modes
of restrictive action against various pathogens such as fungi and bacterial species. The use of nanomaterials
has recently increased in agriculture and plant-tissue culture thanks to their unique different properties
such as; magnetic, electrical, mechanical, optical, and chemical properties. Optimum use of iron increases
protein content in the wheat grain. They also enhance plant growth by improving disease resistance
and increase stability of the plants by anti-bending and deeper rooting of crops. It has been reported by many
researchers that Nano-fertilizers significantly influenced the seed germination which demonstrated the effect
of Nano fertilizers on seed and seed vigor. Chemical methods have been used for the synthesis of nano-
particles. Developing Nano-biotechnology is generating interests in research towards eco-friendly, cost
effective and biological synthesis of nanoparticles. Nanoparticles systems have been combined into plant
fungal disease controlpractices. Using nanoparticles as biosensors in plant disease diagnostics is also
illustrated.
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Introduction

Nowadays, environmental pollution caused by the use of chemicals and the unpre-
dictable results of biological control have been widely investigated [1]. Nowadays, green
nanotechnology has a great advantage due to the presence of different modes of inhibi-
tory action against various pathogens such as fungal and bacterial species [2]. Nano-
technology is used in different stages of production such as processing, storage and plays
an important role in the transportation of agricultural products.

This technology has great potential of transforming agriculture and food industry
by applying new innovative methods such as precision farming methods, control release
of agrochemicals and site target for delivery of different macromolecules needed for
improving plant disease resistance, efficient nutrient utilization and increasing plant
growth. Processes such as nano encapsulation illustrate the advantages of more efficient
use and safer handling of pesticides with less negative impacts on the environment
hence ensuring eco protection [3].

Agricultural systems are losing their fertility because of human activities and soci-
etal change in lifestyle. This invariably affects the production of crops and could lead
to famine and hunger, thus concerted efforts are necessary to improve plants to enhance
production. Nanotechnology system serves as the newest system for modern agriculture,
whereby methods are formulated and channeled towards meeting with food demands
of the enhancing world population [4].

Urban cropping that makes use of recent nanotechnologies has the potential
to contribute for food security and nutrition. Despite there are related risks from chemical
polutions which may have released from soils, water [5], the ultimate goals for nano-
materials application in cropping spans decreasing hazard chemicals, nutrient losses,
pest control and crop yield improvement [6]. The aim of this study was to investigate
the use of nanotechnology in cropping systems and possibility of applying this technique
for ameliorating desirable crop cultivation.

Background of Nanotechnology in cropping systems

The quest to apply nanotechnology in farming systems arises from the fact that
population is constantly increases, which necessitates the need for more foods. Popula-
tion survey has estimated about 9.5 billion by the end of 2050 [5, 6]. Nanoscience is
a fast-emerging field with an emphasis on broad range synthesis and application
of different nanomaterials. This field can serve as a panacea for several difficult problems
in multidisciplinary fields such as pharmaceutical sciences, supramolecular chemistry
and electrical engineering [7, 8]. Nanomaterials have been awarded considerable atten-
tion due to their structure and properties differing from those of atoms and molecules
with respect to their bulk materials, thus possessing various potential applications [9].
Nanoparticle synthesis is generally carried out by various chemical methods, such as
laser ablation, pyrolysis, chemical or physical vapor deposition, sol gel and lithography
electro-deposition. However most of these methods are expensive, and/or require the use
of toxic solvents [10].
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Table 1

Some Nano fertilizers used nowadays globally [15]

Nanofertilizers

Constituents

Name of Manufacturer

Nano Ultra-Fertilizer
(500) g

organic matter, 5.5%; Nitrogen, 10%; P,0O;, 9%;
K,0, 14%; P,O., 8%; K,0, 14%; MgO, 3%

SMTET Eco-technologies Co.,
Ltd., Taiwan

Nano Calcium
(Magic Green) (1) kg

CaCO,, 77.9%; MgCO,, 7.4%,; SiO,, 7.47%; K, 0.2%;
Na, 0.03%; P., 0.02%,; Fe, 7.4 ppm; Al,O,, 6.3 ppm;
Sr, 804 ppm; sulfate, 278 ppm; Ba, 174 ppm;

Mn, 172 ppm; Zn, 10 ppm

AC International Network
Co., Ltd., Germany

Nano Capsule

N, 0.5%; P,Oq, 0.7%; K,0, 3.9%; Ca, 2.0%; Mg, 0.2%;
S, 0.8%; Fe, 2.0%; Mn, 0.004%; Cu, 0.007%; Zn, 0.004%

The Best International
Network Co., Ltd., Thailand

Nano Micro Nutrient
(EcoStar) (500) g

Zn, 6%; B, 2%; Cu, 1%; Fe, 6%+; EDTA Mo, 0.05%;
Mn, 5%+; AMINOS, 5%

Shan Maw Myae Trading Co.,
Ltd., India

PPC Nano (120) mL

M protein, 19.6%; Na,0, 0.3%; K,0, 2.1%;
(NH,),S0,, 1.7%; diluent, 76%

WAI International Develop-
ment Co., Ltd., Malaysia

PhoS, Zinc, Cal, etc.)
fertilizers

vitamins, probiotics, seaweed extracts, and humic
acid

Nano Max NPK Multiple organic acids chelated with major nutrients, | JU Agri Sciences Pvt. Ltd.,

Fertilizer amino acids, organic carbon, organic micronutrients / | Janakpuri, New Delhi, India
trace elements, vitamins, and probiotic

TAG NANO (NPK, Proteino-lacto-gluconate chelated with micronutrients, | Tropical Agrosystem India

(P) Ltd., India

Recently, great activities have been made to use environmentally sustainable
methods for the nanoparticles synthesis [11]. This is largely obtained by the using plant
or fruit extracts and bioorganisms [12, 13]. Using fertilizers is an age long practice
and has tremendously increased crop yields. However, they lead to soil mineral im-
balance, destroy the soil structure, soil fertility and general ecosystem, which are serious
impediments in the long term. To deal with the situation, it is pertinent to develop smart
materials that can release nutrients to targeted areas and contribute to clean environment.
Recent researches have indicated that graphene is a promising material that could serve
as a carrier for plant nutrients. It is capable of slow and controlled reveal of nutrient
for the plants benefit, and eventually enhances the amount of production with low envi-
ronmental impact [14, 5]. Some Nano fertilizers used in the world are shown in table 1.

Green synthesis of nanoparticles

Nanomaterials have nanoscale dimension, and nanoparticles are very small size
particles with increased catalytic reactivity, thermal conductivity, non-linear optical
performance and chemical steadiness owing to its large surface area to volume ratio.
These compounds are the ones possibly responsible for the anti-pathological responses
of plants [16]. Increase in new resistant strains of insects, bacteria and fungi against
most potent antibiotics prompted researchers to conduct experiments on the activity
of well-known compounds, including Nanoparticles and the resistance phenomenon was
more pronounced against insect pests than other organisms.

Biosynthesis of nanoparticles is a strategy of synthesizing nanoparticles applying
microorganisms having biomedical applications. Mentioned method is an environmental
friendly and cost effective, biocompatible and safe approach. Green synthesis involves
synthesis through plants, bacteria, fungi, algae etc. They allow large scale production
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of ZnO NPs free of additional impurities. NPs synthesized from biomimetic approach
show more catalytic activity and limit the use of expensive and toxic chemicals [17—19].

Physical synthesis encompasses the sedimentation process, rotor speed ball mill,
high energy ball mill and pot mill. For instance, phosphorus (P) nanoparticles are pro-
vided by purifying rock phosphate and grinding with high energy mill. Chemical
approaches include precipitation and poly vinyl pyrimidine (PVP) techniques. The use
of microorganisms as potential bio-factories for synthesis of metallic Nanoparticles
such as cadmium sulphide, gold, and silver has been explored [20, 21].

Synthesis methods

Two strategies have been advised for synthesis of nanomaterials: 1) bottom up and
2) top down methods. The top-down strategy includes milling or attrition of large
macroscopic particle. That includes synthesizing large scale patterns initially and then
diminishing it to nanoscale level through plastic deformation. This strategy cannot be
used for large scale production of nanoparticles, because of its high cost and slow
process. This approach includes the nanoparticles synthesis from miniaturized atomic
components through self-assembly [22]. That involves formation through physical and
chemical means. Meanwhile, that is a cheap cost technique comparatively.

Nanoparticles and plant protection

Anthracnose disease, which is caused by Colletotrichum is a serious disease that
appears on host plant and other cereal crops. For controlling various phytopathogenic
fungi, including Colletotrichum species, agrochemical products have been advanced
and applied for a long period of time. Widespread using fungicides has certainly dimin-
ished the outbreak of diseases, but simultaneously contributed to the development
of resistant pathogen strains and biotypes [21, 22]. Anthracnose disease, which is caused
by the fungal pathogen Colletotrichum is a devastating disease that occurs on many
commercially important plants like bean, strawberry, perilla and other crop plants [23].
In order to control various phytopathogenic fungi, including Colletotrichum species,
agrochemicals have been used for a long time. Widespread use of agrochemicals has
certainly decreased the outbreak of fungal diseases, but at the same time has contributed
to the development of resistant pathogens. Moreover, such chemicals can be lethal
to beneficial organisms.

Nanomaterials have been observed as novel antimicrobial agents owing to their
high surface area to volume ratio and the unique chemical and physical characteristics,
that increase their contact with microbes and ability to permeate cells [24]. Nano science
has shown the impact of silver particles as antimicrobial agents. Shrinking the particle
size of materials is very effective point to ameliorate their biological compatibility.

The existence of fungal phytopathogens during the development of host plant is
essential as mentioned organisms can induce wilt or root rot disease causing substantial
losses to crop producers. Currently, pathogenic fungi such as Fusarium solani and
Macrophomina phaseolina have been recognized in some crops in various countries
such as Spain and Iran as the causal agent of crown rot, root rot and charcoal rot,
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respectively [25]. Pastrana et al. [4] reported that these pathogens caused root rot,
damping-off symptoms, and shrinking in leaf size and fruits, thus affecting the yield
and quality. Several researches reported the use of various control measures such as
the application of chemical and biological tools for curbing these diseases in crops.
Currently environmental hazards caused by the using fungicides and the unpredictable
results of biological control have been comprehensively discussed [26].

Nanotechnology and abiotic stresses

Improvement in the plant resistance against different abiotic stresses such as
drought, salinity, diseases and others have been possible through development in the bio-
technology science at the nanomaterials or nanoscale. In the future, more useful iden-
tification and use of plant gene trait resources is expected to introduce cost effective
capability through advances in nanotechnology based on gene sequencing [27]. Latterly,
in vitro culture has become widely used in some research areas related to plant science,
owing to its ability to provide quick feedback, virus-free and controlled environment [28].
The use of nanomaterials has recently increased in agriculture and plant-tissue culture
thanks to their unique different properties such as: magnetic, electrical, mechanical,
optical, and chemical properties. Mozafari et al. [29] reported that under in vitro con-
ditions, the use of iron nanoparticle could effectively alleviate the negative effects
of drought stress on strawberry, further they verified that the concentration of iron
nanoparticle could be an important issue worthy of consideration while adjusting
the micronutrient content of media for this plant.

Nano-fertilizers in cropping systems

Nano-fertilizers might have new properties which are more effective in farming
systems, controlled release of chemical fertilizers and release nutrients that regulate
plant growth and increase target activity. Nano-fertilizers can increase crop yields
by supplying one or more nutrients whereas nanomaterial-increased fertilizers amelio-
rate the performance of fertilizers. Nano-fertilizers compared with the conventional
fertilizers, are expected to improve growth and yields of crops significantly [30].

Recently several researchers stated that Nanofertilizers affected the seed germi-
nation which showed the effect of Nanofertilizers on seed. They can easily penetrate
into the seed and increase nutrient availability to the growing seedling which results
in healthy growth. If concentration is more than the optimum it may indicate inhibitory
effects on the germination and seedling growth of the plant. Nano particles have both
positive and negative effects on the plant [31].

ZnO Nano-particles recorded higher peanut seed germination percentage and
root growth in comparison with bulk zinc sulphate. In the same way, positive effects
of Nano-scale SiO, and TiO, on germination were reported in soya bean. Appropriate
seed germination and root length were observed when using nanofertilizers compared
to control where seeds were not treated with Nano-fertilizer. Nano-fertilizers increase
nutrient availability to the growing plant which increases chlorophyll formation, photo-
synthetic rate, and dry matter production resulting in improvement of overall plant
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growth. Mozafari et al. [32] reported corresponding results that nano-TiO, treated seeds
produced plants with more dry weight, higher photosynthetic rate, and chlorophyll-o
formation compared to the control. Combining Nanofertilizers and nanodevices syn-
chronizing the release of fertilizers N and P with their uptake by cereal crop, prevents
undesirable nutrient losses to soil through direct internalization by crops [33].

Conclusion

Nano Science has appropriate advantages as it can enhance the life quality through
its usage in various aspects as in cropping systems and producing foods. Across the globe
it has become a ticket into the future for most nations. Nevertheless, we must be very
careful with any new technology to be introduced about its possible unforeseen related
risks that may come along with its positive potential. It is critical for any nation to pro-
vide a trained future workforce well versed in nanotechnology. Nanoparticle production
has obtained well attention from various researchers those wish to utilize them for
developing new generation nano-agro fertilizers and pesticides. Nanotechnology devel-
opment is generating interests in science towards ecofriendly, cost effective and bio-
logical synthesis of nanoparticles.
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Annotanusi. Vcronp30BaHre HAHOMATEPHAIOB B MOCIEIHEE BPEMS BO3POCIIO B CEITHCKOM XO3SHCTBE

U KYJIBTYpPEC TKaHEH paCTeHI/Iﬁ 6ﬂaroz[apﬂ UX YHUKaJIbHBIM CBOMCTBaM: MarHiuTHBIM, 3JICKTPUYCCKHUM,
MCXaHUYCCKUM, ONITUYCCKUM U XUMHUYCCKHUM. HpI/IBeZICH 0630p HCCHCHOBaHHﬁ, TMOCBAICHHBIX TPUMEHCHUIO
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HAHOTEXHOJIOTMH B PaCTEHUEBOJCTBE, IOATBEPXKAAIOMINX B YACTHOCTH, YTO HAHOMATEpHAIIbl YCIIUBAIOT
POCT pacTeHHil, MOBBIIIAIOT COMPOTUBIIIEMOCTh OOJIE3HAM U YCTOMYMBOCTH PACTCHUM, IPEAOTBpalLas U3ruo
u obecrieunBast Oojee TIIyOOKOe YKOPEHEHHE CeTbCKOXO3AHCTBEeHHBIX KYIBTYP, @ ONTHMAIBHOE UCIIOIIb-
30BaHHUE JKeJIe3a, HaIIpUMeED, YBEINUUBAET CoAepKaHUe Oelka B 3epHe MIIEHULbI. MHOTHE HCCIle[0BaTeH
COOOIIAIOT, YTO HAHOYAOOPEHHS 3HAUYUTENILHO IOBIIMSIIN Ha BCXOXKECTh CEMSIH, YTO IIPOJEMOHCTPUPOBAIIO
BIIMSIHIE HAHOYHOOPEHUH Ha ceMeHa M uX dHepruro. OTMedeHo, 9To IS CHHTe3a HAHOYACTHUI HCTIONb-
3yIOTCSl XMMHUYECKHUE METOJIbI, a pa3BUTHE HAHOOMOTEXHOJIOTHH BBI3BIBAET MHTEPEC K UCCIIEOBAHUSM,
HAIIPaBJICHHBIM Ha 5KOJIOTMYECKU UHUCTBINA, SKOHOMUYECKH 3(P(HEKTUBHBIN OMOTOTHMYECKU CHHTE3 HAaHO-
gactrr. CerofHs 3eNeHble HAHOTEXHOJIOTHH 00ECIIeUHBAIOT PA3IIMYHBIE CIIOCOOBI BO3ICHCTBIS HA T1aTO-
T€HHbIE MUKPOOPraHU3MBbL: I'PUObI M MHOTHE BUJIbI OakTepuil. ITokazaHo IpUMEHEHUE CUCTEM HAaHOYACTHI]
B MpaKTUKe OOpBHOBI ¢ IPHOKOBBIMU 3a00JI€BaHUSMY PACTEHUH, HCIIOIB30BAaHUE HX B KauecTBe OMOCEHCOPOB
B JIMarHOCTHKE 3a00JICBaHUN PAaCTCHUI.
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Abstract. In this study, we present the experimental results which evaluate the influence of Gibberellic
acid GA,, micronutrient fertilizer and Calcium nitrate Ca(NO,), foliar fertilizer on the growth and yield
of tomato cultivar NHP11 cultivated in a net house located in Thanh Hoa province, Vietnam. The experiment
including 8 formulas was laid out in a randomized complete block design (RCBD) with three replications.
In treatments with the application of GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer, plants were
observed to grow better than the control (via some indicators such as plant height, leaf area index, number
of flowers per plant, effective flower rate, number of fruits per plant, average fruit weight per plant).
The yields differed due to different formulas on tomato. Results indicated that the highest yield was
recorded at 50.73 tons ha™' when the combination of GA,, micronutrient fertilizer and Ca(NO,), foliar
fertilizer was applied in F8, followed by the record of 47.31 tons ha™' in F6 (in presence of GA, and
Ca(NO,), foliar fertilizer), 46.55 tons ha™' in F5 (in presence of GA, and micronutrient fertilizer),
45.79 tons ha' in F7 (in presence of Ca(NO,), foliar fertilizer and micronutrient fertilizer). The yields
of tomato in F2, F3, F4 when treated with supplemented separately GA,, micronutrient fertilizer and
Ca(NO,), foliar fertilizer respectively were higher than those of the control (39.90 tons ha™') but lower
than the yield in mixed formulas. Results show that the treatment combination of GA;, micronutrient
fertilizer and Ca(NO,), foliar fertilizer can promote the growth and yield of tomato.

Key words: tomato, Solanum lycopersicum, GA,, micronutrient fertilizer, Ca(NO,), foliar fertilizer,
growth, yield
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Introduction

Tomato (Solanum lycopersicum L.), among current cultivated vegetables in the world,
is one of the most important crops with the highest yield and largest cultivation area [1].
Tomato fruits contain a huge amount of nutrients including glucid, many organic acids
and major antioxidants such as Lycopene, Phenolic, and Vitamin C [2—4]. It also has
a high medicinal value thanks to its sweet taste and cooling nature. Phytochemicals
in tomatoes can act as antimicrobials and antitoxin agents, reduce the risk of cardio-
vascular diseases, contributing to the prevention of the formation of free radicals which
might lead to cancers, especially prostate cancer [S—7]. In addition, tomato is easily
cultivated under various climatic conditions, offering great financial support for many
farmer households. As a result, tomato has been widely cultivated in many countries
including Vietnam.

Results of studies in the world have shown that Gibberellic acid GA,, micronutrient
fertilizer and Calcium nitrate Ca(NO,), foliar fertilizer play essential roles in vegetative
growth. GA, is a plant hormone that can regulate the growth of plants, stem elongation,
germination, dormancy, flowering, genetic development, and enzyme activation [8].
Micronutrient fertilizer includes a variety of metallic and non-metallic elements.
For crops, micronutrient fertilizer is essential because of their role in beneficial enzymes
for plant growth. The deficiency of any micro-element in soil might significantly reduce
the vegetative yield and quality [9]. Ca(NO,), foliar fertilizer facilitates the process
of nutrients and soluble calcium absorption makes the stem bigger and stronger, increases
plant resistance to diseases and pests, improves the root length and root branching
evolution, thus helping plants absorb more nutrients [10].

Population explosion is a threat to global agriculture. There have been increasing
demands for edible products in terms of quantity and quality [11]. When it comes
to agricultural research, increasing crop yield is an essential priority [12]. Effects
of GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer on vegetative growth
and yield have become common research topics [10, 13, 14]. However, the compre-
hensive reports on the influences of GA;, micronutrients fertilizer and Ca(NO,),
foliar fertilizer on the growth and yield of tomato cultivated in Vietnam is quite
limited. The purpose of this study was to assess the effects of GA,, micronutrient
fertilizer and Ca(NQO,), foliar fertilizer on the growth and yield of tomato cultivated
in net houses in Vietnam.
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Materials and methods

Research materials. Tomato cultivar NHP11, which is widely cultivated in Viet-
nam, was provided by Nong Hung Phu Co., Ltd. Organic substrate QD02 consists
of alluvium, peat, mushroom residues, burnt rice husk and lime powder. Micronutrient
fertilizer B6 includes 2% K,0, 800 ppm Cu, 50 ppm Mo, 900 ppm Zn, 1000 ppm Bo,
1200 ppm Mg. Ca(NO,), foliar fertilizer comprises Ca(NO,),, 26.5% CaO, 15.5% N.
Gibberellic acid (GA;) and NPK fertilizer with the ratio of 4 kg N : 4 kg P,O; : 3 kg K,O
were also used.

Experimental arrangement. The experiment was conducted from November 2018
to March 2019 in a net house located in Quang Xuong district, Thanh Hoa province,
Vietnam. The experiment including 8 formulas (table 1) was laid out in a randomized
complete block design (RCBD) with three replications.

Table 1
Components of formulas
Formula Components
F1 Soil + NPK fertilizer + Organic substrate (control)
F2 Soil + NPK fertilizer + Organic substrate + GA,
F3 Soil + NPK fertilizer + Organic substrate + Micronutrient fertilizer
F4 Soil + NPK fertilizer + Organic substrate + Ca(NQ,), foliar fertilizer
F5 Soil + NPK fertilizer + Organic substrate + GA, + Micronutrient fertilizer
F6 Soil + NPK fertilizer + Organic substrate + GA, + Ca(NO,), foliar fertilizer
F7 Soil + NPK fertilizer + Organic substrate + Micronutrient fertilizer + Ca(NQ,), foliar fertilizer
F8 Soil + NPK fertilizer + Organic substrate + GA, + Micronutrient fertilizer + Ca(NO,), foliar fertilizer

Experimental technical process. Pots sized 35x40 cm with bottom holes were
used. 10 kg of soil were initially put inside, then 4 kg of organic substrate were added
into each pot. Each seedling at the height of 20 cm was transplanted into one pot.
Seedlings were planted deep with 50% of their stem underground because the root
development would soon improve, making the tomato plants much stronger and more
resistant. The amount of 0.5 kg of NPK was applied in different growth stages: fertiliza-
tion before planting seedlings; first supplementary fertilization after the seedlings had
new roots for 4—5 days; second supplementary fertilization at the profusely flowering
stage; third supplementary fertilization when fruits had been fully mature (15 days after
the second supplementary fertilization); fourth supplementary fertilization after first
harvesting.

In experimental treatments, for the treatment combination of GA,, micronutrient
fertilizer and Ca(NO,), foliar fertilizer, doses and rates were ensured. GA, at a dose of
30 ppm and the rate of 30 mL/m?* was sprayed into leaves and stems at beginning
of the flowering stage and after the first harvesting. Micronutrient fertilizer at a con-
centration of 0.03% was applied around the stems which were covered by leaves after
the seedlings had new roots, before the flowering stage and after the first harvesting.
Ca(NO,), foliar fertilizer at a concentration of 0.03% was sprayed into leaves after
the seedlings had new roots, before the flowering stage and after the first harvesting.

Data collection. Data on growth, development and yield variables of tomato plants
such as: plant height (from the ground to shoot tip, measured with a measuring tape
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with a precision of 1 mm), number of flower clusters per stem; number of flowers per
cluster, effective flower rate (calculated by dividing the number of flowers that produce
the fruit by the total number of initial flowers), leaf area measured by CI-202 Leaf Area
Meter originated from the USA; Leaf area index (LAI); number of fruits per plant;
average fruit weight per plant; actual yield (measured by using the total fruit weight
per plant until the end of harvesting).

Those data were collected at 4 different stages: beginning of rooting stage (when
above 50% of the seedlings in the treatment had new roots): 8 days after transplanting;
beginning of flowering stage (when the initiation of flowers had been recorded in more
than 50% of the plants in the treatment): 20 days after transplanting; beginning of har-
vesting stage (when 50% of the plants in the treatment had reached the harvesting):
70 days after transplanting; after harvesting: 125 days after transplanting.

Statistical analysis. All experiments were conducted three times independently.
The results are expressed as mean values and standard deviation (SD). The results were
subjected to an analysis of variance (ANOVA). Data were compared according to Tukey’s
test using IRRISTAT software (version 5.0) for Windows computers.

Results and discussion

Plant height. Plant height, which is one of the major parameters in plant growth,
is strongly connected to the resistance and plant yield [15]. Plant height was recorded
at 4 different stages. Among formulas, the difference in the fertilizer combinations led
to the difference in plant height variables. Obtained data on plant height are illustrated
in Table 2.

Table 2
Effects ofGA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer on tomato plant height
Formula Plant height (cm)
Beginning Beginning Beginning After harvesting
of rooting stage of flowering stage of harvesting stage

F1 17.50b = 0.095 41.54d £ 0.076 75.15d = 0.165 77.32¢c = 0.352
F2 17.62b = 0.027 49.75b = 0.135 84.67b £ 0.157 86.28b = 0.265
F3 16.58c + 0.136 41.67d £ 0.149 77.61cd £0.248 78.42c +0.146
F4 18.23a + 0.062 42.58d +0.082 76.59cd + 0.087 78.53c +0.312
F5 16.42c + 0.084 51.03a +0.046 88.41a+0.160 89.76a + 0.295
F6 17.08bc £ 0.125 50.16b £0.154 86.54ab + 0.053 89.51a+0.119
F7 18.15a+0.018 44.02c + 0.096 78.62c +0.169 79.05c + 0.207
F8 16.31c + 0.054 51.28a + 0.068 90.04a + 0.237 92.18a +0.128

Note: Numbers represent mean values of three independent replicates + SD. In the same data column, values
with similar letters represent non-significant differences, values with different letters represent differences in signifi-
cance (P <0.05).

At beginning of the rooting stage, when supplementary GA, and fertilizers had
not been applied, no significant difference in plant height parameters could be found
(Table 2). The highest plant height was observed in F4 (18.23 cm) and the lowest was
found in F8 (16.31 cm). The average plant height among 8 treatments was 17.24 cm.
From the beginning of flowering to the end of harvesting, plant height variables found
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in 8 treatments were significantly different. At beginning of the flowering stage,
the average plant height among 8 treatments was 46.50 cm, in which the maximum
was observed in F8 (51.28 cm), followed by F5 (51.03 cm), F6 (50.16 cm), and F2
(49.75 cm). In these formulas, supplementary GA, was applied, and it was one of the major
factors that contributed to the development of plant height [16]. Additionally, micro-
nutrient fertilizer and Ca(NO,), foliar fertilizer were also applied in F8, leading to the
highest plant height value found in this formula. The minimum plant height was found
in F1 (the control) at only 41.54 cm. At beginning of the harvesting stage, plants grew
quickly, reaching the average plant height of 80.20 cm; the highest plant height was again
found in F8 (90.04 cm), followed by F5 (88.41 cm) and the lowest was again found
in F1 (75.15 cm). After the harvesting stage, the plant height values continued to increase,
but slightly. The maximum plant height was observed in F8 (92.18 cm) and the minimum
was observed in F1 (77.32 cm).

Experimental results among 8 treatments show that GA, application has a significant
impact on tomato plant height [16]. Besides, supplementary Ca(NO,), and micronutrient
fertilization can improve the height of tomato plants. In treatments applying isolated
micronutrient fertilizer or Ca(NO,), foliar fertilizer or their mixture in absence of GA,,
tomato plants could grow higher than the control group [17], but lower than the plants
supplementarily treated with GA, in other treatment combinations. It is concluded that
GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer have great effects on the plant
height of tomato; however, the rates of effect might vary.

Number of flowers and effective flower rate. The production of flowers is
the main element contributing to the success of fruit setting [18]. The number of flowers
is considered to be the first yield characters of plants [19]. After pollination and fertili-
zation, flowers set and develop into fruits. Fertilizer application promotes the profuse
flowering, the number of flowers as well as the effective flower rate [20, 21]. In this
experiment, the effects of GA;, micronutrient fertilizer and Ca(NO,), foliar fertilizer
on the number of flowers and effective flower rate of tomato were analyzed.

Table 3

Effects of GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer
on the number of flowers and effective flower rate of tomato

Formula Number of flowers Number of flowers Total number Effective flower rate
per cluster clusters per stem of flowers per plant (%)
F1 6.12¢c +0.034 5.25d £ 0.063 40.78d + 0.067 57.06c +0.109
F2 7.05b = 0.046 6.64b £ 0.025 43.88b +0.084 61.38b = 0.086
F3 6.89b = 0.053 5.49d + 0.009 42.10c £ 0.049 58.74bc £ 0.157
F4 6.93b £0.015 6.37bc £0.014 42.15¢c £ 0.134 60.26b = 0.050
F5 6.42¢c +0.023 6.71b = 0.057 44.06a +0.019 65.37a +0.036
F6 6.92b = 0.071 6.23bc £ 0.020 43.09b +0.107 64.82a +0.129
F7 7.07b =£0.042 6.05¢c +0.016 42.76b +0.074 65.16a + 0.095
F8 8.01a+0.058 7.35a+0.012 44.19a +0.038 66.81a +0.048

Note: Numbers represent mean values of three independent replicates + SD. In the same data column, values
with similar letters represent non-significant differences, values with different letters represent differences in signifi-
cance (P <0.05).
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As shown in Table 3, the maximum number of flower clusters per stem (7.35),
the maximum number of flowers per cluster (8.01), thus the maximum total number
of flowers per plant (44.19) and the maximum effective flower rate (66.81%) were all
found in F8 (in presence of GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer).
It could be observed from F5 (in presence of GA; and micronutrient fertilizer) that
the total number of flowers per plant was 44.06 while the number of flowers per cluster
was 6.42 and the number of flower clusters was 6.37 per stem. The differences between
results gained from F5 and F8 and those gained from other treatments had statistical
significance. In F6 (in presence of GA; and Ca(NO,), foliar fertilizer), the number
of flowers per cluster was 6.92, the number of flower clusters per stem was 6.23 and
the total number of flowers was 43.09 per plant; in F7 (in presence of micronutrient
fertilizer and Ca(NO,), foliar fertilizer), the number of flowers per cluster reached 7.07
while the number of flower clusters was only 6.05 per stem, leading to the moderate
number of flowers which was only 42.76 per plant. Besides, higher number of flowers
per cluster was found in F2 with the total flower number of 43.88 per plant; however,
the effective flower rate was recorded at 61.38% only, lower than that gained in F5,
F6, F7 and F8. The minimum numbers of flowers per plant and flower clusters per stem
were observed in F1 (the control), thus the total number of flowers per plant and effective
flower rate were 40.78 and 57.06% respectively. In other formulas (F3 and F4), the total
number of flowers and effective flower rate, although higher than those of the control,
just reached the average values. Results show that the application of GA, spray on tomato
could increase the number of flowers and effective flower rate, especially in treatment
combination in the presence of micronutrient fertilizer and Ca(NO,), foliar fertilizer.
In formulas with isolated Ca(NO,), foliar fertilizer or micronutrient fertilizer, there was
also a growth in the number of flowers and effective flower rate, but they were recorded
at average values only. It can be referred that GA,, micronutrient fertilizer and Ca(NOs),
foliar fertilizer all have impacts on the number of flowers and effective flower rate, thus
affecting the yield of tomato.

Leaf area index (LAI). There is a close connection between the leaf area index
(LAI) and plant photosynthesis. Cultivars with higher leaf area index often gain higher
yield production, although the structures of plant populations have a great influence
on this index value [22]. If the leaf area index is recorded high, but the population is
unreasonably structured, the leaves will shade each other, leading to a decrease in photo-
synthesis while the demand for respiration increases. As a result, photosynthetic biomass
will drop [23]. Experimental results on LAI are presented in Table 4.

Among mentioned formulas, the LAI values for tomato were recorded to increase
from the beginning of rooting to the end of harvesting (Table 4). At the beginning
of rooting, in absence of supplementary Ca(NO,), foliar fertilizer, micronutrient fertilizer
and GA,, LAI values slightly varied among the formulas. The maximum LAI was
obtained in F2 at 0.31 (m’/m’) while the minimum was found in F5 at 0.26 (m*/m?).
From the beginning of flowering to the harvesting, under the influence of plant growth
regulator GA; and fertilizers, LAI values among the formulas changed sharply with
statistical significance. The highest LAI values were recorded in F8 during the experi-
mental period from the beginning of flowering to the end of harvesting. At the beginning
of flowering, LAI found in F8 was 1.41 (m’/m°), followed by that in F5 (1.35 m’/m°),
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Table 4

Effects of GA,, micronutrient fertilizer and Ca(NO,),
foliar fertilizer on tomato leaf area index (LAl)

Leaf area index (leaf area / ground area, m’/m®)
Formula Beg.inning Beginning of flowering | Beginning of harvesting After harvesting
of rooting stage stage stage

F1 0.28bc +0.002 1.08¢c = 0.007 2.87c+0.017 3.29¢c +0.018
F2 0.31a+0.005 1.24b + 0.005 3.05b = 0.009 3.65a + 0.007
F3 0.27cd £0.001 1.13¢c £0.003 3.17a+0.015 3.58ab £ 0.005
F4 0.29ab * 0.003 1.28b = 0.001 2.89c + 0.007 3.34bc £0.013
F5 0.26d +0.002 1.35a = 0.001 3.08ab £0.012 3.72a+0.008
F6 0.29ab +0.001 1.26b + 0.005 3.12a +0.005 3.52ab + 0.007
F7 0.30a +0.005 1.14¢c £0.002 2.97bc + 0.005 3.37b = 0.021
F8 0.27cd £ 0.003 1.41a+0.005 3.19a£0.015 3.68a+0.010

Note: Numbers represent mean values of three independent replicates + SD. In the same data column, values
with similar letters represent non-significant differences, values with different letters represent differences in sig-
nificance (P <0.05).

F4 (1.28 m’/m?) and the lowest was found in F1 (1.08 m’/m?®). LAI values increased
more significantly at the beginning of harvesting. At this stage, the maximum LAI was
observed in F8 at 3.19 (m’/m?), followed by F3 (3.17 m’/m’) and the minimum was
obtained in F1 (2.87 m?/m’). After the harvesting, the highest LAI value was recorded
at 3.71 (m’/m’) in F5, followed by F8 (3.68 m’/m’). These results were in agreement with
those of Hossain et al. (2017) on tomato LAI [22].

Experimental results show that in treatments with the application of micronutrient
fertilizer such as F3, F5, F8, LAI values were recorded higher than in other treatments
although the lowest value was always found in the control. It proves that the application
of isolated GA,, micronutrient fertilizer, Ca(NO,), foliar fertilizer or their mixture can
all increase the LAI value. Therefore, it can be stated that GA,, micronutrient fertilizer
and Ca(NO,), foliar fertilizer all have effects on the yield of tomato.

Yield components and yield. Yield and yield components are important criteria
to assess the effects of elements on the plant [24]. The studied results were shown
in Table 5.

Table 5
Yield and yield components of tomato
Formula Number of fruits Average fruit Actual yield Conversion yield
per plant weight (g) per plant (kg) (tons ha™)
F1 25.54¢c +0.029 82.19d £ 0.674 2.10d = 0.008 39.90d +0.034
F2 27.55b £ 0.045 86.94b * 0.405 2.40b+0.019 45.60b = 0.056
F3 26.49bc +0.107 85.58c +0.268 2.27¢c +0.006 43.13¢ £ 0.102
F4 27.12b £ 0.097 85.42c + 0.357 2.32c+0.014 44.08c +0.149
F5 28.15b £ 0.242 87.08b £ 0.095 2.45b +£0.054 46.55b + 0.036
F6 27.93b £0.015 89.32a+0.175 2.49b * 0.009 47.31b = 0.083
F7 27.86b £ 0.026 86.64b + 0.286 2.41b +£0.026 45.79b £ 0.018
F8 29.52a £ 0.058 90.36a £ 0.078 2.67a+0.032 50.73a + 0.065

Note: Numbers represent mean values of three independent replicates + SD. In the same data column, values
with similar letters represent non-significant differences, values with different letters represent differences in signifi-
cance (P <0.05).
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It can be easily seen that different formulas resulted in radical differences in the
number of fruits per plant (Table 5). F8 produced the highest values of the number
of fruits per plant at 29.52 fruits, followed by F5 with 28.15, F6 with 27.93 and F7
with 27.86. The lowest numbers were obtained in F1 at 25.54 fruits and F3 at 26.49 fruits.
It can be pointed out that the combination of micronutrient fertilizer and Ca(NO,), foliar
fertilizer and GA,increased the number of fruits per plant. Additionally, applying GA,
and Ca(NO,), foliar fertilizer or GA; and micronutrient fertilizer also increased fruit set
percentage when compared to the control. Despite isolated application, GA; Ca(NO;),
foliar fertilizer and micronutrient fertilizer still contributed to an improvement in the
number of fruits per plant, the efficiency was not as good as the ones in the formulas
of their mixture.

The average fruit weight was also various from different formulas (Table 5). The
same trend was observed in this criterion when F8 had the highest average fruit weight
at 90.36 g, followed by F6 at 89.32 g and F5 at 87.08 g. F1 produced the lowest figure
at 82.19 g, followed by F4 at 85.42 g. These ranges were statistically significant. So, it
can be concluded that mixing micronutrient fertilizer and Ca(NO,), foliar fertilizer and
GA, in F8, F6 and FS5 led to an increase in fruit weight. Meanwhile, applying Ca(NO,),
foliar fertilizer and micronutrient fertilizer or supplementing fertilizers separately showed
a slight improvement in fruit weight which was lower than combination formulas.

The actual yield per plant and conversion yield show a close relationship
among the average fruit weight and the number of fruits per plant with obtained
individual yield (Table 5). F8 resulted in the highest yield at 2.67 kg, which was
equivalent to 50.73 tons ha™'. In the following places were F6, F5 and F7 at 2.49 kg (equi-
valent to 47.31 tons ha™), 2.45 kg (equivalent to 46.55 tons ha™') and 2.41 kg (equivalent
to 45.79 tons ha™") respectively. The lowest ones were observed in F1 (the control)
at 2.10 kg which was equivalent to 39.90 tons ha™, followed by F3 and F4. All the for-
mulas produced a higher yield than the control and the differences were statistically
significant. This means GA,, Ca(NO,), foliar fertilizer and micronutrient fertilizer
increased the yield of tomato when cultivated in the condition of the experiment and
when being combined, they provided better effects.

Correlation between some growth indicators and yield of tomato. Growth
indicators are correlated with crop yield; therefore, correlation graphs (Fig. 1) were used
to evaluate which indicators more closely correlated with the yield. It should be noted
that during the growth process, the flowering stage is the essential one contributing
to crop yields [19]. Consequently, we use correlation graphs at the beginning of the flow-
ering stage to demonstrate this correlation.

It can be seen that among analyzed indicators (Fig. 1), the number of fruits per
plant showed the strongest correlation with yield (» = 0.99), followed by average fruit
weight per plant (» = 0.97). Obviously, these two indicators had direct effects on the yield
of tomato. The number of flowers per plant also had fairly close correlation with yield (» =
= (0.88) while leaf area index and plant height had significant influence on the yield
(»=0.83 and r = 0.82 respectively).
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Fig. 1. Correlation between some growth indicators and yield of tomato:

a — between plant height and yield; b — between number of flowers per plant and yield;
¢ — between LAl and yield; d — between number of fruits per plant and yield;
e — between average fruit weight and yield
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Conclusions

Having been supplemented with GA,, micronutrient fertilizer and Ca(NO,), foliar
fertilizer, tomato (Solanum lycopersicum L.) cultivated in net houses grew faster and
better when compared to the control. The results were from some indicators such as plant
height, leaf area index, number of flowers per plant, effective flower rate, number
of fruits per plant, average fruit weight and actual yield. The formula in which mixed
GA,;, micronutrient fertilizer and Ca(NO,), foliar fertilizer produced the highest yield
at 50.73 tons ha™', followed by the one in which mixed GA; and Ca(NO,), foliar fertilizer
at 47.31 tons ha™'. The formula of GA, and micronutrient fertilizer was in the third place
with 46.55 tons ha' while the fourth-place belonged to the formula of Ca(NO,), foliar
fertilizer and micronutrient fertilizer with 45.79 tons ha'. Other formulas which
supplemented separately GA,, micronutrient fertilizer and Ca(NO,), foliar fertilizer
also produced yield higher than the control (yield of the control was 39.9 tons ha™');
however, the figure was not as high as the mixed formulas.
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BnusiHue rm66epensioBon KUCNOTbl, MUKPOYA0OpeHus
M BHEKOPHEBOIro yao0peHusa — HUTparTa Kaabuus
Ha POCT M YPOXXalHOCTb TOMaTOB Solanum lycopersicum L.,
BbipalwimBaeMbix BO BbeTHame
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AnHoTanus. [IpyuBeeHb! 3KCIIEPUMEHTAIBHBIE PE3YJIbTAThI, OLICHUBAIOIIUE BIMIHUE r'HO0epeIIoBoi
kucnoTsl GA,, MUKpOYyAOOPEHUS 1 BHEKOPHEBOIO yao0peHust — Hutparta kanbuus Ca(NO;), Ha pocT
U ypokaitHoCTh ToMaToB copta NHP11, BeIpamieHHbIX B 3aKpeITOM TpyHTe. MccimenoBaHus MpOBOAIHCH
B NpoBUHIMH TXaHbX0a, BbeTHaM. DKCIIEPUMEHT, BKITIOYAIONIHN 8 BApHAHTOB, ObUT COCTABJICH B PAHIOMH-
3UPOBaHHOM IIOJIHOM OJIOYHOM JM3aiiHe ¢ TpeMs HOBTOpHOCTAMH. [Ipu oOpabotke ¢ npumeHeHneM GA;,
MUKpOYy100peHus u BHeKopHeBoro ynoopenus Ca(NO,), Hab1roganu 6oiiee BEICOKUE [TOKA3aTeI pocTa
Y Pa3BUTHS PACTEHUH (BBICOTA PACTEHWISI, HH/IEKC JIICTOBOW MTOBEPXHOCTH, KOJIMYECTBO IIBETKOB HA PACTEHUE,
s¢dexTHBHAS HOPMA IBETEHUsI, KOJHMIECTBO IUIOIOB HAa PACTEHHE, CPEIHS Macca IUIOJIOB Ha PACTEHHE)
10 CPAaBHEHHIO ¢ KOHTPOJIBHBIM BapHaHTOM. IToka3aTenu ypoxaifHOCTH TOMaTa OTJIMYAINCh 110 BapHaHTaM
sKkcniepuMenTa. Haupbiciias ypoxkaitnocts 50,73 T/ra Obuta oOHapykeHa B Bapuante F8 npu npumeHeHun
koMOuHatmsa GA,, MukpoynoOpenust 1 BHekopHeBoro ynoopernust Ca(NO,),, B F6 ¢ ncnons3oBannem GA,
u BHeKopHeBoro ynoopenust Ca(NO,), ypoxaitHocTb coctaBuia 47,31 1/ra, B F5 ¢ ucnonb3oBanuem GA,
1 MUKpoyaoOpeHus — 46,55 1/ra, B F7 ¢ ucrons3oBanneM BHeKopHeBoro ynoopenust Ca(NO;), 1 MUKpo-
ynobpenus — 45,79 1/ra. YpoxkaitHocTh ToMaTOB B BapuanTax F2, F3, F4 npu 06paboTke ¢ MCIONb30Ba-
HeM GA;, MuKpoynoOpeHus u BHekopHeBoro ynooperns Ca(NO,), B OTIeIbHOCTH OblIa COOTBETCTBEHHO
BhIlIE, 4YeM B KoHTpoJie (39,90 T/ra), HO HMXKE, YeM B KOMOMHMPOBAHHBIX BapuaHTax. [lonyueHHbIe
pe3ynbTaThl OKa3bIBAIOT, 4TO KoMOMHAIMA GA,, MUKpOYI0OpeHus U BHeKOopHeBoro ynoopenus Ca(NO;),
MOXKET CIOCOOCTBOBATH POCTY M YPOKAWHOCTH TOMATOB.

KuroueBsle ciioBa: Tomar, Solanum lycopersicum, ruooeppunoas kucnora, GA,, MUKpOyIJ0OpeHHs],
BHEKOpHEBas MOJKOPMKa, ynoopenue, Hutpat kansius, Ca(NO,),, pocT, ypoxaliHOCTh
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Abstract. Bitter almond rootstock is considered one of the most vital rootstocks for stone fruit species
but it is classified as a plant sensitive to salinity. This experiment was carried out to study the effect of salt
stress on vegetative growth and photosynthetic pigments of bitter almond rootstock as an attempt to sustain
growth and increase its tolerance to high salt concentrations. However, the seeds were soaked in salt solution
of NaCl as 1, 3, and 5 dsm™' for 48 hours before stratification. After that, nuts were sown in perlite and
treated with different saline solutions subsequently stratified at 6 °C for eight weeks. Sprouted seeds were
cultivated in pots with a mixture of peat and perlite and treated only with the highest salt concentration
5 dsm™. The treatments were arranged in a complete randomized block design with three replications.
Vegetative traits and photosynthetic pigments content were estimated. The results revealed that soaking and
pre-treating seed of bitter almond rootstock by means of high salt concentration Sdsm ™ during the germi-
nation period and subsequently after planting produced stronger transplants that had hardening, adaptation
and could avoid the hyperosmotic shock of salt stress after planting. It is obvious throughout; increment
of stem diameter, plant height, total number of leaves\plant, fresh and dry weight of leaves, photosynthetic
pigments and total carbohydrate content of such transplants. While other coming seedlings from low salt
concentrations were exposed to hyperosmotic shock and salt injury therefore inhibit growth rate of such
plants, increased falling of leaves and finally reduced photosynthetic pigments content in the resulting seedlings.
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Introduction

Salinity is one of the oldest environmental problems affecting approximately 30%
of irrigation land. Salinity affects almost all stages of plant growth, involving emergence,
vegetative growth and reproductive development [1]. NaCl is the most of the soluble salts
in saline soil. Na ions are among the predominant exchangeable bases [2]. However, soil
salinity causes ion toxicity, osmotic stress, nutrient (nitrogen, calcium, potassium,
phosphorus, ferrous, and zinc) reduction and oxidative stress on plants. Moreover,
the ions Na" and CI penetrate into cells of plants and may be accumulated in the vacuole
for the tolerant plants or in the cytoplasm which in turn are known to be very toxic
to the plant cell by injuring the cytoplasmic enzymes in sensitive cultivars [3]. Thus,
salinity is considered to be one of major factors limiting sustainable agriculture.

The possibility of employing saline water in irrigation, as well as underground
water, well water, or diluted sea water are taken into consideration as limiting factors
for sustainability of agriculture in newly reclaimed lands. Regarding bitter almond
(Prunus amygdalus) rootstock, Family: Rosaceae is counted as one of the most vital
rootstock species for stone fruits. Whereas, it is mentioned to be drought resistant,
the tolerance of almond rootstock to water stress is probably attributed to adaptive
mechanisms that founded in their leaves or roots. These mechanisms involve osmotic
adjustment, stomatal conductance reduce of transpiration water loss, leaf shedding
acceleration, and root depth and density increase [4]. Added to that, almonds may be
employed in semi-arid lands to control soil erosion and desertification because of their
high adaptation to undesirable environmental conditions [5]. Although it is a vigorous
and long-lived plant, almond trees are considered as a sensitive plant to salinity. Today,
the preparation of fruit trees to tolerate salt stress is required to sustain agricultural
production. This study aimed to elevate resistance and tolerance of bitter almond root-
stock to salt stress in the soil and irrigation water.

Material and Methods

The present investigation was carried out in 2016—2017 to study the effect of salt
stress on vegetative growth and photosynthetic pigments content of bitter almond root-
stock. Therefore, almond nuts require a cold stratification under humid conditions
to emergence from dormancy and enhance germination. Hence, temperatures between 2
and 7 °C are markedly the most efficient [6].

Germination under saline conditions may be a rabid test to explore salt tolerant
plants [7]. So, the seeds were collected from a vitality genotype at North Sinai Gover-
norate, Egypt. Uniformly sized and vitality nuts were soaked in salt solutions as follows:
1,3 and 5 dSm™" in two days, where ppm = Ec (ds/m) x 640, for Ec between 0.1 and
5 ds/m™" [8]. Salt solutions 1, 3 and 5 dSm™" were chosen in the consideration of general
specifics of plant resistance for salinity [9].

Nuts were then cultivated in perlite and treated with different saline concentrations
subsequently stratified at 6 °C for two months (15 October — 13 December, 2016).
After cold treatment, non-germinated seeds were treated by 22 °C for 3 weeks (13 De-
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cember, 2016 — 5 January, 2017) to enhance emergence. Three seedlings/replicate were
obtained and cultivated in pots (15 x 20 cm) which had a mixture of peat and perlite,
then treated with the highest salt concentration 5 dSm™' once/week at the end of Feb-
ruary up to the end of august.

Measurements:

1.

W

6.

Stem diameter increment / plant (mm) was estimated using venire caliper
as a following: The increment in stem diameter = stem diameter (at the end
of August) — stem diameter (at the end of February).

. The increment in plant height (cm) was measured as follows: The increment
in plant height = plant height (at the end of August) — plant height (at the end
of February).

. Number of leaves / plants was counted.

. The fresh and dry weight of leaves / plant (g) was measured.

. Chlorophyll a, band carotenoids (mg-g ") concentrations were determined

as described by [10].

Total carbohydrate (mg-g”' DW) was determined as described in [11].

The experiment was designed in a randomized complete block design with three
replicates, and three plants for each. The obtained results were submitted to analysis
of variance (ANOVA)-MSTAT software.

Results and Discussion

Results obtained respecting the effect of nuts soaked and irrigated by different
salinity concentrations on vegetative content and pigments content of bitter almond
rootstock were presented in figures 1—6.

2,50

n
o
o

1,50

1,00 +

Increment of stem diameter, mm

0,50 -

0,00 -

1dsm’ 3dsm’' 5dsm’”’
Salt concentrations during germination

Fig. 1. Effect of salt stress on increment of stem diameter (mm)
of bitter almond rootstock
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Concerning the seedlings that germinated under low salt concentrations 1 and 3
dsm™ (Figure 1), it was found that irrigated such seedlings with height salt concentration
5 dsm™' after germination period caused a subsequent decrease in growth rate of stem
diameter compared to the seedlings that already have been germinated under salt stress
5 dsm™ which gained the adaptation case in germination period and its ability to tolerate
salt stress after planting was improved. The gained data in this study in the line with
these mentioned early [12]. The data reported that using of NaCl in germination period
would be applied as an adaptation method to promote salt tolerance of germinated plants.
However, salinity inhibit the cell cycle transiently by reducing the expression and activity
of cyclins and cyclin-dependent kinases, thus produce a fewer cells in the meristem,
so limiting growth [13]. Additionally the previous research [14] demonstrated, that
the growth reduction was attributed to sever changes in the ion relationships of plants
as a result of the contrary effect of Na and ClI ions on metabolism or from deranged
water relations.

Also, soaking and treating seeds of bitter almond by low salt concentration 1 and
3 dsm™ before planting positively increased the stem length of bitter almond seedlings
compared to the highest salt concentration 5 dsm™'. Nevertheless, these seedlings when
irrigated with high saline solution 5 dsm™ during the growth period, the growth rate was
aggressively decreased as a result of the adverse effects of salt stress 5 dsm™ (Figure 2).
In this respect, the highest growth and the best length of plant was obtained when
the seeds were irrigated with 5 dsm™ during the germination period and later after plant-
ing. Generally, the reduction in stem length and diameter means a depression in plant
growth. This depression could be attributed to inhibit cell division and cell elongation
under conditions of increasing salinity at high salt concentration. This explanation agrees
with that reported in [15] on peach seedlings. Salinity promoted abscisic acid which
may inhibit cell cycle regulation [16]. The studies demonstrated, that increasing salt stress
caused reduction in shoot length of bitter almond [17].

40,00

35,00

30,00 b

25,00

20,00

15,00

10,00

Increment of plat height, cm

5,00

0,00 T T r )
1dsm”’ 3dsm’ 5dsm”

Salt concentration during germination

Fig. 2. Effect of salt stress on (the) increment of plat height (cm)
of bitter almond rootstock
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Regarding the seedlings that germinated under low salt concentrations 1 and 3 dsm™,
it was found that irrigation of those seedlings in high salt solution 5 dsm™' during
the growth period caused the increase in leaf falling as a result of the hyper osmotic shock
of salt stress which in turn marked the decrease in the total number of leaves/plant of bitter
almond rootstock (Figure 3). In this respect, the highest number of leaves/plant was
obtained when the seeds were irrigated with 5 dsm™' during the germination period
and subsequently irrigated with the same concentration during the growth period. It can
be concluded from the previous results, that soaking seeds of bitter almond rootstock
in high saline solutions before planting lead to adaptation the coming seedlings to salt
stress in irrigation water and having more number of leaves compared to those plants
which did not/or received low concentrations of salinity. Additionally, salinity accelerates
plant senescence and fallen of leaves as a result of the excessive toxic levels of Na*
and/or Cl™ ions. This can be an adaptive way to translocate accumulated amount
of Na* and/or CI” out of juvenile to the older leaves, reserving them away from the phy-
siologically active tissue which in turn resulted in fallen of older leaves [18].

40,00

35,00

30,00 b

25,00

20,00

15,00

Number of leaves/plant

10,00

5,00

0,00

1dsm” 3dsm’' 5dsm !

Salt concentration duirng germination

Fig. 3. Effect of salt stress on number of leaves/plant of bitter
almond rootstock

The data in Figures 4 and 5 demonstrated that, soaking and treating the seeds of bitter
almond with salt concentrations reduced both fresh and dry weight of leaves/plant due to
changing salt concentration from 1 and 3 dsm™' in germination period to only 5 dsm™
after germination. This reduction was proportional to the salt level. Additionally, irrigating
by 5 dsm™' in germination period and later during the vegetative growth period produced
the highest increment in both of fresh and dry weight of leaves/plant. In this regard,
the previous researches [19] found that the deleterious consequences of high salt concen-
trations caused in hyper osmotic shock and ionic imbalance effect in plant cells.
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Fig. 4. Effect of salt stress on fresh and dry weight of leaves/plant (%)
of bitter almond rootstock
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Fig. 5. Effect of salt stress on photosynthetic pigments content (mg/g)
of bitter almond rootstock

The results presented in Fig. 5 show the effect of pre-treating seed by means
of various salt concentrations during the germination period subsequently by 5 dsm™
after planting on photosynthetic pigments content of bitter almond rootstock. It was
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found that, the resulting seedlings from high salt concentration 5 dsm™' had hardening
and adaptation and could avoid the hyper osmotic shock of salt stress and thus positively
reflected on vegetative growth and chlorophyll a, band carotenoids content in the leaves
of plants. While other coming seedlings from low salt concentrations were exposed
to hyper osmotic shock and salt injury which in turn inhibited growth rate of plants,
increased falling of leaves and finally reduced photosynthetic pigments content
in the plants. Researchers noted that excess ions of Cl” or Na" in the plant leaves influ-
enced stomatal closure, causing excessive water evaporate and leaf injury symptoms
as happened in drought damage [20]. In this regard, salinity promotes the synthesis
of abscisic acid which in turn closes stomata when translocated to guard cells. As a result
of stomatal closure, photosynthesis decline and oxidative stress conducted. Additionally,
the reduction of photosynthetic pigments in stressed transplants can be attributed
to the decrease in the uptake of elements required for chlorophyll biosynthesis (i.e., iron
and magnesium) [21], or throughout inhibition of chlorophyll synthesis [22].
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140,00
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40,00

Total carbohydrate content, mg/g

20,00

0,00

1dsm” 3dsm’”’ 5dsm '
Salt concentration during germination

Fig. 6. Effect of salt stress on total carbohydrate content (mg/g)
of bitter almond rootstock

Concerning the effect of nuts soaking in saline solutions at the stratification period
and before planting, it increased the total carbohydrate content of bitter almond rootstock.
It is therefore clear that the germinated seeds under high concentration of salinity 3 and
5 dsm™' produced seedlings which had adaptated to salinity in irrigation water 5 dsm™
after planting. It resulted in enhanced vegetative growth, increased number of leaves,
leaf area and total chlorophyll content which in turn increased the rate of photosynthesis
process, subsequently accumulation of total carbohydrate in the plants. While, the other
seeds that germinated under control treatment showed less resistance and significantly
gave the lowest value of total carbohydrate content in the plants.
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Conclusion

Increasing the salt concentrations from 1 and 3 dsm™' in soaking and stratification
periods up to 5 dsm™ after planting resulted in decrease of vegetative growth and photo-
synthetic pigments due to hyper osmotic shock and salt injury of salt stress. On the other
hand, pre-treating and irrigation of bitter almond transplants with high saline solution
5 dsm™ produced adapted and stronger seedling and thus positively reflected on vegeta-
tive traits and photosynthetic pigments. For growers and nurseries, this investigation can
recommend to cultivate bitter almond seedlings under saline conditions or in new
reclaimed soil; that’s soils which face desertification dangers or that will be irrigated with
diluted sea water or underground wells should be subjected to soaking and irrigation
with saline water during germination period and early stages of growth in nursery.
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AHHoTanus. ['oppkuit MEUHIANE ABIAETCS OJHHM M3 HaHOOIee HCIONB3YEMbIX B KA9ECTBE MOIBOS
COPTOB KOCTOYKOBBIX ILIOJIOBBIX KYJIBTYP, OJHAKO OTJIMYACTCs UYyBCTBUTENLHOCTBIO K COJIEBOMY CTPECCY.
IIpoBeneHsB! ONBITHI 10 U3Yy4YEHUIO BO3IEUCTBUS Pa3IMYHbIX YPOBHEH 3aCONEHHBIX IIOJIMBHBIX BOJ| HA BEreTa-
THBHBIH POCT ¥ ()OTOCHHTETHIECCKIE MTMEHTHI TOPHKOTO MIH/AI C 3a7adeli MOMCKa METO/1a YBEINICHHSL
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€ro yCTOHYHBOCTH K 3acoieHuto. Opexu 1o crpatudukanyuy 3amMadnBany B pactsope NaCl pasnuaHoit
crenenu: 1 dsm™, 3 dsm ™' u 5 dsm ' 3a 48 u. 3aTem ceMeHa MOCesIM B TEPIMT U B TedeHHE 8 Heleb
mpu Temreparype 6 °C nomBaiu pactBopoM NaCl pasnuynoii crerenu. [Ipopociie ceMeHa BbICAKHBAIH
B TOPIIIKH CO CMEChIO TOp(da U TIEPITHTA U MOJUBAA BOTHBIM PACTBOPOM C CAMOM BBICOKOH KOHIICHTpaIHeit
comu 5 dsm™'. TIpoBesieHBI MONHBIE GIOYHBIE PAHIOMH3HPOBAHHBIE UCCIIENOBAHMSA C TPOSKPATHBIM TTOBTO-
peHueM. Pe3ynbrarTel MoKasaim, 4To 3aMayiBaHKe U OPOLICHNE CeMSH TOPHKOTO MUHIAJS BOJIOH C BEICOKAM
KOHIIEHTPATOM COMU 5 dSm™ B epHOJI IPOpacTaHysl, a 3aTeM T0ciIe TIOCaIKH TIPUBOMIIO K GOJIBIIEH CHile
paccazpl ¢ HauIydIlei aganTaryeil K COJIeBOMY CTPecCy MOCIe TTOCaIKH, YTO YETKO BBEIBISIETCS IO TaKUM
rapaMeTpam, Kak IPUPOCT AuameTpa cTeOIsl, BRICOTa pacTeHHMsI, 00IIee KOJINIECTBO JHCThEB/PACTEHNH,
CBEXas U CyXas Macca JIMCThEB, KOJINYECTBO (POTOCHHTETHYECKHX MUTMEHTOB U 00IIee CoepiKaHue
yrieBonoB. [Ipy MeHbIIei KOHIEHTPAUU CONM CAKEHIIBI TOBEPTAUCH THIIEPOCMOTHIECKOMY ILOKY,
TIO3TOMY COJIEBBIE TPAaBMBI IPEISITCTBOBATIM POCTY TAaKHX PAcTeHHH, IPOMCXOAMIO YBEINICHUE TIaICHUS
JIMCTHEB M CHIKEHHE COJICPKaHUs POTOCHHTETHIECKUX MUTMEHTOB B MOJTYYEHHBIX CAXKCHIIAX.

KiroueBble cjioBa: NaCl, HWOHHaA TOKCUYHOCTD, 3aCOJICHHOCTbD, CTpaTI/I(bI/II(aI_[I/IH, ajanranus
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Abstract. The purpose of the research was to substantiate feasibility and effectiveness of cultivating
promising tomatoes varieties and hybrids in the Lower Volga region to obtain high-quality yields of 150 t/ha
and more. It was the first time for chestnut soils, when comprehensive research on resource-saving techniques
increasing vegetable crop productivity in an extremely arid climate under drip irrigation by regulating
physiological and biological processes was conducted, and a system for applying these techniques was
developed. The experiments were carried out according to generally accepted methods. The study revealed
that in order to obtain the planned productivity of 110, 130, 150 t/ha in all the tomato varieties and
a hybrid (Volgogradsky 5/95, Fokker F1 and Gerkules), differentiated irrigation regime was used. It resulted
in yield increase up to 18.8 t/ha (when compared to planned 130 t/ha) and up to 10.2 t/ha (when compared
to planned 150 t/ha) in the variants where Energiya-M growth regulator and Rastvorin water-soluble
fertilizer were used with complete mineral fertilizer. Hercules tomato variety treated with N,gsP;,sK 5 +
Rastvorin + Energiya-M was the most economically viable for cultivation. According to the variants,
a return on production costs of 6.87 rubles of income was achieved.

Key words: irrigation regime, productivity, tomato, water-soluble fertilizers, growth regulator,
quality improvement
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AnHoTanus. Ilens uccienoBanuii — 00OCHOBATh LENECO0OPA3HOCTh U 3P (PEKTUBHOCTD BO3/IEIbI-
BaHUS NEPCIEKTUBHBIX COPTOB U TMOPUAOB TOMATOB B ycnoBusax Hipkuero IToBoJDKbs Ul MOTydeHUS
ypoxkaitnoctu 150 n Goee T/ra BBICOKOKa4eCTBEHHOM MPOAYKIUK. BriepBbie B 30HE KAIITAHOBBIX TTOYB
IPOBOJMINCH KOMIJIEKCHBIE HAYYHbIE UCCIIEJJOBAHUS pPecypcocOeperaomux IpueMoB HOBBIIIEHUS
IPOAYKTUBHOCTH OBOIIHOM KyJIBTYpHI B YCIOBHUSX OCTPO3aCyLUIMBOrO KJIMMaTa IyTeM PeryJIupoBaHUs
(hI3HOTOr0-OHOIOTHYECKHX MTPOLIECCOB TIPH KalleIbHOM OPOLIEHHH M pa3padoTaHa cUCTeMa IPUMEHEHHS
3TUX NpHeMOB. VccnenoBaHus B OIBITE OCYIIECTB/LUIMCH COINIACHO OOLIEHPUHATHIM MeToaukaM. 11o pe-
3yJbTaTaM UCCJI€JIOBAHUHN OBIIO BBIBICHO, YTO Ha KyJIbType TOMAT, Ha BCEX UCCIIEIYEMBIX COpTax
u rubpune (Bonrorpanackuii 5/95, ®okkep F, u ['epkysiec), 1is moaydeHuUs INIAHUPYEMOW POTYKTHBHOCTH
B 110, 130, 150 1/ra HEoOX0AUMO cO3aBaTh AU(GHEPEHIMPOBAHHBII PEXKUM OpPOIIEHUs, YTO AaBaJI0 BO3-
MOXKHOCTb IIOJIy4aTh NpuOaBKy ypoxkaitHocTu 1o 18,8 1/ra (Ha maHupyeMmyto ypoxaiiHocTs 130 1/ra)
u 10 10,2 t/ra (Ha aHUpyemyto ypokaitnoctsh 150 1/ra) B Bapuantax NPK + PactBopun + DHeprus-M.
Jlna npousBouTest Hanbosee S5KOHOMUUYECKH ONPaBJaHHBIM SIBISUIOCH BO3JENIbIBAHUE TOMaTa copTa I'ep-
KyJec Ha ¢oHe Ny P, K ,s + PactBopun + DHeprus-M. 1o BapuaHTam jocTuragack OKynaeMocTb mpo-
W3BOJICTBEHHBIX 3aTpar B cymme 6,87 pyOieii joxona.

KnioueBble ciioBa: peXUM OPOIICHUS, IPOAYKTUBHOCTB, TOMAT, BOZOPACTBOPUMEIE YIOOPEHUS,
pEryJsaTop poCTa, MOBBIIEHHE Ka4ecTBa
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Introduction

Vegetable growing is one of the main branches in agro-industrial complex, pro-
viding population with vitamins C, B, B,, A, H, B,, pectin, minerals, nutrients and other
substances that determine a person’s healthy diet all year round [1—3].

In the Russian Federation, main vegetable croplands including tomatoes are located
in the southern regions. The Lower Volga region is considered to be ‘Russian garden’.
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The region has favorable climatic conditions for vegetable growing and, therefore, occu-
pies a leading position in the country in vegetables production. Here, the industry
depends on irrigation, since irrigated agriculture occupying 53% of the arable land gives
90% of all gross output [4]. Vegetable production in this region is at consistently high
levels — open-ground vegetable harvests in the industrial sector of vegetable growing
amounted to 531.3 thousand tons in 2016 — 11.6% of the total value in the Russian
Federation, this was the second place among Russian regions. For sown areas, the second
place belongs to vegetable crops — 15.6 thousand ha, which is 8.3% of all areas [5].
Tomatoes are one of the most nutritious vegetables. The fruits of tomatoes contain
sugars, acids, aromatic substances, as well as a large amount of vitamins. High taste,
nutritional and dietary qualities, and a variety of cooking methods have made tomatoes
a popular vegetable [3, 6].
Currently, production of open ground vegetables is carried out mainly without
drip irrigation, not considering variety adaptability to climatic conditions [7—9].
High yields combined with high quality fruits are a common requirement for tomato
producers, which can only be achieved considering critical production factors. These
include proper irrigation management, variety selection, disease prevention, soil fertility,
climate, etc. Many authors have revealed that adherence to agro-technological measures
with the key role of nutrition determined tomato quality and yield [10—17].
Therefore, the study on resource-saving techniques increasing vegetable crop yields,
including micro-irrigation, water-soluble fertilizers and growth stimulants, is relevant.
The purpose of the research was to rationalize technological methods for obtaining
150 t/ha and more high-quality yields of vegetables considering climatic conditions
of the Lower Volga region.

Materials and methods

Split plot experiments were carried out according to [18—21]. Arrangement of plots
by varieties and hybrids was systematic, by nutritional regimes — randomized.
The accounting area of first-order plots (water regime), second-order plots (varieties
and hybrids) and third-order plots (nutrient regimes) was 295 m? 100 m? and 7.5 m?,
respectively. The experiment was replicated three times. Scheme for sowing tomato
seeds was 0.50 + 0.90 m.

Factor A — agro-ecological assessment of varieties and hybrids of Russian and
foreign breeding. The following tomato varieties and hybrids were studied: Vol-
gogradsky 5/95 (standard), Fokker F1 hybrid, Gerkules variety.

Factor B — scientific substantiation of managing planned tomato productivity:
110, 130, 150 t/ha. Variants:

1) control;

2) Energiya-M growth regulator;

3) fertilizers for 110 t/ha yield: N — 210 kg/ha active ingredient; P,O; — 85 kg/ha
active ingredient, K,O — 105 kg/ha active ingredient;

4) fertilizers for 130 t/ha yield: N — 250 kg/ha active ingredient; P,O; — 100 kg/ha
active ingredient; K,O — 125 kg/ha active ingredient;
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5) fertilizers for 150 t/ha yield: N — 285 kg/ha active ingredient; P,O; — 115 kg/ha
active ingredient, K,O — 145 kg/ha active ingredient;

6) Rastvorin water-soluble fertilizer;

7) Rastvorin water-soluble fertilizer and Energiya-M growth regulator;

8) NPK fertilizers, Rastvorin and Energiya-M for 110 t/ha yield;

9) NPK fertilizers, Rastvorin and Energiya-M for 130 t/ha yield;

10) NPK fertilizers, Rastvorin and Energiya-M for 150 t/ha yield.

Factor C — irrigation regimes affect on tomato productivity:

1) maintaining pre-irrigation moisture level at 75...75...75% field capacity (FC)
(constant irrigation regime);

2) maintaining pre-irrigation moisture level at 70...80...75% FC (differentiated
irrigation regime): sowing — flowering — 70% FC; flowering — milk ripeness —
80% FC; milk ripeness — full ripeness — 75% FC.

As mineral fertilizers, ammonium nitrate, double superphosphate and potassium
chloride were studied. For irrigation in the experimental plot, Neodrip drip irrigation
system was mounted complete with drip pipelines having water outlets every 0.3 m
and 1.55 1/h dropper capacity. Irrigation pipelines of drip irrigation system were laid
simultaneously during crop sowing.

The first top dressing (10...15 g of Rastvorin per 10 | of water) was carried out
after 5...7 leaves appeared. During fruit formation, Rastvorin solution (25 g per 10 1
of water) was used. Spraying was carried out with the same solution after 7...10 days.
The presence of several fertilizers made it possible to combine top dressing depending
on phase of plant development. The treatment with Energiya-M growth regulator
included: 1) seed soaking (1 ml/1 kg of seeds) for 30...40 min with operation solution flow
rate of 2 I/kg; 2) subsequent spraying (15 g/ha) and leaf top dressing (15 g per 300 g
of water) in initial growth period, and during flower formation-flowering growth stage.

Results and Discussion

The studies were conducted in 2011—2016 in Zaitseva V.A. farm, Gorodishchensky
district, the Volgograd region. Composition of the studied soils was heavy loamy in 80%
of the territory and was characterized by a low (2.31%) humus content in arable layer,
and at a depth of 0.4...1.0 m its amount decreased from 1.05 to 0.32%. Low humus
content in this soil is explained by the fact that conversion of organic substances
in the zone of chestnut soils has a specific zonal character. Water-physical soil properties
are affected directly by soil composition. Soil density varied horizontally, the lowest was
noted in 0.0...0.1 m layer — 1.24 t/m’. With further deepening, this indicator increased
in the studied soil layer: for 0.0...0.6 m — to 1.35 t/m’, for 0.0...1.0 m — to 1.45 t/m’.
The highest soil density was noted at 1 m depth and amounted to 1.62 t/m’. Total soil
porosity of arable layer ranged from 50.4 to 47.5%. The field capacity ranged from
25.60% in 0.0...0.1 m layer to 22.82% in 0.0...0.6 m layer. The field capacity was
20.4%, wilting moisture for 0.0...1.0 m layer averaged 8.49%:; soil pH was 6.8...8.0.
Hydrolyzable nitrogen availability (according to Kornfield [22—23]) of experimental
plot soil was low (less than 100 mg/kg of soil), mobile phosphorus (according
to Machigin [24]) — from low to medium (16...30 mg/kg of soil), exchange potassium
(according to Machigin [24]) — high (300...500 mg/kg of soil).
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In our experiments, an increase in irrigation rate under differentiated irrigation
regime was due to different irrigation rates and distribution of irrigation dates by growth
and development phases. For constant irrigation regime, irrigation rate was stable over
all interphase periods and was within 163 m’/ha. For differentiated irrigation regime,
irrigation rate was redistributed over growth stages: during sowing and flowering —
199 m’/ha with 8 average total number of irrigations during this period, which was 3 less
irrigations compared to constant irrigation regime. Under constant irrigation regime
in flowering — fruit formation — milk ripeness stages, 10 irrigations (163 m*/ha) were
carried out, under differentiated irrigation — 16 irrigations (127 m*/ha). In milk ripe-
ness — full ripeness stage, 7 irrigations (163 m*/ha) was performed under both irrigation
regimes on average over research years.

Differentiation of irrigation regime parameters in research years was the most
significant in individual phases of growth and development of tomatoes. So, in extremely
arid years, the largest number of irrigations were required for all interphase periods and
irrigation regimes: 28 and 30 — for constant irrigation regime in 2012 and 2014, respec-
tively; 27 and 30 — with for differentiated regime in 2012 and 2014, respectively.
The irrigation rate during this period was the largest and amounted to 5542 m’/ha
in 2012 and 5868 m’/ha in 2014 under a constant irrigation regime, and 5906 and
6268 m*/ha under differentiated regime in 2012 and 2014, respectively. In the most
favorable hydrothermal indices in 2016, 15 irrigations were carried out with the lowest
irrigation rate — 2934 m*/ha while constantly maintaining 75% soil moisture, 3207 m*/ha
for differentiated regime. However, during the growing season, differences were ob-
served in sowing-flowering period: with a constant irrigation regime — 5, with dif-
ferentiated — 1 irrigation less. Significant differences were observed in flowering —
fruit formation — milk ripeness period: 6 irrigations with 163 m*/ha rate were carried out
under constant irrigation regime, 10 irrigations with 127 m*/ha rate — under differen-
tiated irrigation. 23 irrigations (4483 m*/ha) averaged for constant regime of irrigation
in 2011—2016, 22 irrigations (4804 m’/ha) were carried out under differentiated regime.
In all cases, the irrigation rate was the main entry in water balance of tomato crops.

At the same time, in different years, depending on the prevailing weather condi-
tions, irrigation water accounted 44.95 to 85.98% for a constant irrigation regime and
47.29 to 86.83% of total water consumption — for differentiated one. In extremely
arid years, irrigation water consumption ranged from 79.19 to 80.32% (2012), from
85.98 to 86.83% (2014) of the total water consumption by vegetable plants in the expe-
rimental variants, while maintaining a constant and differentiated irrigation regimes,
respectively. Water consumption in the wettest 2016 was different, when moisture supply
in form of irrigation water amounted to 44.95% for constant irrigation regime and
47.29% of its total consumption for differentiated regime.

In our experiments, the total water consumption during the growing season over
the research years averaged 6301.3 mm for constant irrigation regime, 6609.5 mm for
differentiated regime, of which 71.0 and 72.4% were irrigations, respectively. Thus,
with an increase in pre-irrigation soil moisture, the irrigation rate and the proportion
of irrigation water in the total water consumption increase.
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The results showed that a smaller number of tomato fruits and a less significant
average weight were found on plants grown without fertilizers in control variants for
all irrigation regimes.

In terms of NPK ratios for 110, 130, 150 t/ha yield of tomatoes, the number
of formed fruits on one plant was higher under the differentiated irrigation regime rather
than constant regime.

The combined treatment of tomato plants with mineral fertilizers + Rasvorin +
Energiya-M contributed to increase in fruit number per plant under constant irrigation
regime for Gerkules cultivar up to 19.4...20.7 fruits with 102...107 g average weight,
Fokker F1 hybrid generated the largest number of fruits (21.0...22.6), but the smallest
average weight (92...98 g), while the standard variety Volgogradsky 5/95 had
17.7...18.7 fruits weighing 101...106 g. Differentiation of irrigation rates increased
number of fruits in Gerkules cultivar to 20.2...21.8 with 107...112 g average weight.
A larger number of fruits was formed on Fokker F1 hybrid — 22.7...24.1 fruits weighing
94...101 g, which was higher by 1.3...1.6 and 3.8...3.9 than the indicators on the standard
variety (103...110 g).

Thus, to obtain the planned productivity of 110, 130, 150 t/ha in all studied tomato
varieties and a hybrid (Volgogradsky 5/95, Fokker F1 and Gerkules), it is necessary
to create a differentiated irrigation regime, which made it possible to obtain a 18.8 t/ha
yield increase (for the planned yield of 130 t/ha) and up to 10.2 t/ha increase (for the
planned yield of 150 t/ha) in NPK + Rasvorin + Energiya-M variant (table).

For qualitative characteristics of tomato fruits, we revealed that the most intensive
accumulation of dry substances in tomato fruits was facilitated by application of the
highest fertilizer doses in combination with Rastvorin and growth regulator under a dif-
ferentiated irrigation regime. The increase in dry solids in this variant was 0.2% in Vol-
gogradsky 5/95, 0.6% in Fokker F1 hybrid and Gerkules compared to the constant
irrigation regime. The experiments showed that organic acids content in tomato fruits
varied slightly depending on the species, fertilizer doses and moisture conditions.

The lowest content of ascorbic acid (0.53...0.56% — for a constant regime of irri-
gation; 0.56% — for a differentiated regime of irrigation) was observed in fruits from
unfertilized plots. In all variants with mineral fertilization for the planned 110, 130,
150 t/ha yield levels, acidity of fruit was in the range of 0.61...0.64% in the standard
Volgogradsky 5/95 variety grown under a constant irrigation regime, and 0.63...0.65% —
under differentiation irrigation water according to growth periods.

Due to its biological characteristics, Fokker F1 hybrid and Gerkules variety
accumulated a smaller amount of acids in fruits — 0.57...0.60% under a constant
irrigation regime. Under differential irrigation, Fokker F1 hybrid decreased acid level
to 0.61...0.64%, and Gerkules variety increased it to 0.66% when applying fertilizers
for the planned 150 t/ha yield compared to Volgogradsky 5/95 variety. Thus, the en-
hanced water and nutrient soil regime had a positive effect on yields and improved
biochemical fruit composition.

Economically, cultivation of Gerkules tomato under N,¢P,,sK,,s + Rastvorin +
Energia-M was the most profitable. In the variants, 6.87 rubles income was achieved.

334 PACTEHMEBOJICTBO



Kalmykova E.V. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):329—346

Table
Efficiency of the studied agricultural practices in tomato, average for 2011—-2016
Volgogradsky 5/95 Fokker F1 Gerkules
Variant yield, t/ha ma_rket- yield, t/ha ma_rket- yield, t/ha mgrket-
ability of ability of ability of
gross | sal- | fruits,% | gross | sal- | fruits,% | gross | sal- | fruits,%
able able able
75...75...75% FC
Control 56.5| 42.7| 75.5 70.9| 54.3 76.5 74.5| 58.1| 77.9
Energiya-M 68.8| 54.9| 79.6 84.5| 68.6 81.1 88.4| 72.7| 82.2
N, PacK, o 82.6| 67.7| 81.9 99.7| 82.7 82.9 106.6| 89.6 | 84.0
N, P00 Kooe 91.7| 75.8| 82.6 |110.3| 92.3 83.6 117.2| 99.3| 84.7
NP, K. 99.8| 83.1| 83.2 |119.1|100.3 84.2 126.3| 108.0 | 85.5
Rastvorin 73.9| 59.3| 80.1 89.9| 73.1 81.3 94.4| 78.0| 82.6
N,,P..K,.s + Mortar 92.4| 76.5| 827 |110.1| 92.2 83.7 116.7| 98.9| 84.7
N,.P...K,,. + Mortar 108.2( 90.3| 83.4 [127.6|107.6 84.3 133.9| 114.6 | 85.6
N,..P...K,.. + Mortar 1154| 97.0| 84.0 [136.4|115.9 85.0 142.1|122.5| 86.2
Rastvorin + Energiya-M 77.4| 63.0| 81.3 | 95.3| 79.1 83.0 100.3| 84.0| 83.8
N,,.P..K, + Rastvorin + Energiya-M | 99.0| 82.9| 83.7 |119.4|100.9 84.4 125.8| 107.9 | 85.7
N,..P...K. + Rastvorin + Energiya-M | 114.1| 96.2| 84.3 |136.0| 116.0 85.2 142.5|1123.0 | 86.3
N,..P,..K. + Rastvorin + Energiya-M | 123.2| 104.7| 84.9 |145.1|124.5 85.8 153.9| 133.7 | 86.8
70...80...75% FC
Control 61.1| 46.9| 76.7 75.2| 58.5 77.7 78.8| 62.0| 78.7
Energiya-M 72.7| 59.0| 81.2 88.8| 73.1 82.3 92.2| 77.0| 83.4
N, o PacK, o 88.1| 73.1| 83.0 |105.0| 88.8 84.6 112.0| 95.7| 85.4
N0 P 10oKooe 98.3| 82.5| 83.8 |116.3| 99.3 85.3 124.0 | 107.0| 86.3
NP, ..K.. 106.4| 89.9| 845 (1249|1074 86.0 133.4 | 116.1| 87.0
Rastvorin 78.3| 64.0| 81.6 94.8| 78.5 82.8 99.1| 82.9| 83.6
N,,.P..K,., + Rastvorin 98.5| 82.7| 83.9 |1164| 99.4 85.4 122.4(105.9| 86.4
N,.,P...K,,. + Rastvorin 1152 97.5| 84.6 |[134.1|(115.6 86.1 140.2 | 122.3| 87.2
N,..P...K,.. + Rastvorin 122.6|104.4| 85.1 143.1| 123.9 86.6 149.1 | 130.9| 87.8
Rastvorin + Energy-M 82.1| 68.2| 83.0 99.6| 84.0 84.3 1049 | 89.4| 85.2
N,,,P..K, + Rastvorin + Energiya-M | 105.3| 89.4| 84.8 |125.8|108.4 86.1 131.8 | 115.0| 87.2
N,..P...K. + Rastvorin + Energiya-M | 120.8| 103.4| 85.6 |142.1|123.4 86.8 148.8 | 130.7 | 87.8
N,..P...K,. + Rastvorin + Energiya-M | 130.0| 112.3| 86.4 |151.4| 1325 87.5 160.2 | 141.9| 88.5
LSD 05 (2011) 3.94 LSD 05 (2013) 4.52 LSD 05 (2015) 4.12
LSDO5A 0.66 LSDO5A 0.75 LSDO5A 0.69
LSD05B 0.80 LSD05B 0.92 LSD05B 0.84
LSD0O5C 1.61 LSDO5C 1.85 LSDO5C 1.68
LSD 05 AB 2.78 LSD 05 AB 3.20 LSD 05 AB 2.91
LSD 05 AC 2.27 LSD 05 AC 2.61 LSD 05 AC 2.38
LSD 05BC 1.14 LSD 05 BC 1.30 LSD 05 BC 1.19
LSD 05 ABC 0.80 LSD 05 ABC 0.92 LSD 05 ABC 0.84
LSD 05 (2012) 4.40 LSD 05 (2014) 4.30 LSD 05 (2016) 4.41
LSDO5A 0.73 LSDO5A 0.72 LSDO5A 0.73
LSD05B 0.90 LSD05B 0.88 LSD05B 0.90
LSD0O5C 1.80 LSDO5C 1.75 LSDO5C 1.80
LSD 05 AB 3.11 LSD 05 AB 3.04 LSD 05 AB 3.12
LSD 05 AC 2.54 LSD 05 AC 2.48 LSD 05 AC 2.54
LSD 05BC 1.27 LSD 05BC 1.24 LSD 05BC 1.27
LSD 05 ABC 0.90 LSD 05 ABC 0.88 LSD 05 ABC 0.90
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Conclusions

In order to obtain high-quality and guaranteed tomato harvests under conditions
of unstable moistening of the Lower Volga region in the subzone of light chestnut soils,
we recommend applying a differential irrigation regime depending on tomato growth
stages (for middle-late varieties): from seedlings to flowering — not less than 70% FC,
from beginning of flowering to beginning of fruit formation — 80% FC, from beginning
of fruit formation to the last harvesting — not less than 75% FC. Agro-ecological as-
sessment of varieties and hybrids of the studied tomato plants of Russian and foreign
breeding allows us to recommend a medium-late tomato variety Gerkules bred at the
Crimean experimental-breeding station of Vavilov Institute of Plant Genetic Resources
for cultivation under drip irrigation. Under differentiated irrigation regime, the optimal
fertilizing was the integrated use of the estimated doses of mineral, water-soluble ferti-
lizers and growth regulators (doses recommended in the pesticides and agrochemicals
reference book) throughout the growing season, so, N,¢P,,sK,,s + Rastvorin + Ener-
giya-M was effective for tomato with the planned 150 t/ha yield.

BBepeHune

OBo1eBoZICTBO — OfiHA U3 0CHOBHBIX oTpacieit AIIK, obecnieunBaromias Kpyrio-
roguyHo Hacenenue ButamuHamu C, B, B,, A, H, B,, NeKTHUHOBbIMU, LIECHHBIMH MHUHE-
pPAJIbHBIMH, a TaKKe MUTATeIIbHBIMH U JAPYTUMHU BEIIECTBAMH, KOTOPBIE OMPEAETSIOT
37I0pOBOE MUTaHUE yenoBeka [ 1—3].

B Poccuiickoii @enepaiii OCHOBHBIE IUIOIMIAN, 3aHATHIE OBOLIHBIMU KYJIbTYPaMH,
B T.4. TOMaTaMH, HAXOJATCS B I0KHBIX perroHax. Huxnee [1oBokbe NPUHATO CUUTATh
«BCEPOCCUICKUM OropojiomM». Pernon pacrnonaraer 01aronpusiTHbIMA HPUPOIHO-KIIMMA-
TUYECKUMU YCIIOBHAMU JJIs1 pa3BUTHS OBOILEBOJICTBA U B PE3yJIbTaTe 3aHUMAET JIUIUPY-
IOII[Ee MECTO B CTPaHe MO MPOM3BOICTBY OBOIEH. OpollieHre 31eCh ONpeIeNsIeT Cyap0y
3TOM OTpaciiy, TaK Kak OpollaeMoe 3emiieienue, 3anumas 53% 1uiolmaay naniHu, Jaet
90% Bceit BanoBoi npoaykiuu [4]. [Ipor3BoACTBO OBOILLEH B JAHHOM PErMOHE HAXO-
JUTCS Ha CTAOMIIBHO BBICOKUX OTMETKaX — COOpPBI OBOLIEH OTKPBITOTO IPYHTA B MPO-
MBILIJIEHHOM CEKTOpe oBolleBojacTBa coctaBuiu B 2016 r. 531,3 teic. T — 11,6%
oT obumx cbopoB o P, 3to BTOpoe mecto cpeau pernoHoB Poccun. Bropoe mecto
MIPUHAJICKUT OBOIIHBIM KYJIBTYpaM U 1O TOCEBHBIM IUIOIMIAAsIM — 15,6 ThIC. Ta, 4TO
cocraBiisieT 8,3% OT Bcex InIommanei [5].

TomaTsl SBISIOTCS OJHUM U3 HanbOOJee IEHHBIX B MUTATEIbHOM OTHOIICHUH
oBouieM. [1moabl TOMAaTOB coAepkaT caxapa, KUCIOThI, apOMAaTHYECKHE BEILECTBA,
a Takke OOJIBIIOE KOJIMYECTBO BUTAMHUHOB. BBICOKHE BKYCOBBIE, TUTATEIBHBIE U JHE-
THYECKHE KaueCTBa, a TAK)KE Pa3HOOOpa3HbIE CIIOCOOBI MPUTOTOBICHHS CIICTIAH TOMAThHI
HOIIYJISIPHBIM OBOLLEM [3, 6].

B Hacrosmiee BpemMsi IPOM3BOJCTBO OBOILIEH OTKPHITOTO I'PYHTA BEAETCS B OCHOB-
HOM 0€3 MPUMEHEHHUs KaleJIbHOTO OpPOIICHHUs, YUeTa CTENICHH aJalTUBHOCTH COPTOB
Y TUOPUJIOB K KIIMMATHYECKUM YCIOBHIM [7—9].
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Bricokue ypoxan B COYETaHUHU C BBICOKUM Ka4€CTBOM ILTOIOB SIBJISIFOTCS OOIINAM
TpeboBaHNEM MPOU3BOAUTENIEH TOMATa, U ATO MOXKET OBITh TOCTUTHYTO TOJBKO MPHU
y4eTe KpUTUYECKHUX MPOU3BOJCTBEHHBIX (akTopoB. K HUM OTHOCSTCS Haaiexaiiee
yIpaBJIeHHEe UppHUTranueii, BeIOOp copToB, MpoduiiakTrka 3a00JIeBaHnH, MJI00POINE
MOYB, KJIMMAT | T.1. MHOTHE aBTOPHI YCTAaHOBHJIH, YTO COOJIIOJICHUE arpOTEXHOJIOTHYC-
CKMX MPUEMOB TIPHU KIIOUEBON POJU MUTAHUS OMPENEseT KaueCTBO U yPOKaMHOCTh
TomatoB [10—17].

B cBs13u ¢ 3TUM M3ydeHue pecypcocOeperaromumx IpueMoB YBEIUYCHUS YPOKaii-
HOCTH OBOIIHBIX KYJIBTYp, B T.4. MUKPOOPOIIEHUS, BOJOPACTBOPUMBIX YI0O0pEHUI
U CTUMYJIITOPOB POCTA, BUIUTCSI HAM aKTyaJIbHBIM.

Heab ucciaenoBaHnii — panvoOHATU3UPOBATh TEXHOJIOTUUECKUE MTPUEMBI JITIS
noytydeHus yposkaiiHoctr 150 u GoJiee T/Ta BRICOKOKaUeCTBEHHOW OBOIIHOM MPOIYK-
LMY B COOTBETCTBHH CO CKJIAIBIBAIOIIIMMHUCS MTPUPOTHO-KIMMATHIECKUMHU YCIOBUSIMU
Hwmxuero IToBomkbs.

MaTtepuansl u meTOAbI

HccnenoBanus B ONBITE OCYILECTBIISUIMCH COTNIACHO «MeToIuKa OIBITHOTO Jiena
B OBOIIIEBOACTBE M OaxueBomcTBe» [18], «Metomuka mojaeBoro onbita» [19—20], «Ar-
podu3UIECKHe U arPOXUMHUICCKHE METOJIbI UCCIICIOBAHUS MTOUBy [21].

OmnbIT 3aKIIaIBIBAJICS METOJIOM PACHICIUICHHBIX JICJISTHOK. PacmonoxeHnue ensHOK
[0 COpTaM U rudpuaM — CUCTEMATHUYECKOE, 10 MUTATEeIbHBIM PeKUMaM — PEHI0-
MU3UPOBAHHOE. YUeTHasl IUI0IIAb JIEJISTHOK IIePBOro Nopsiika (110 BOJHOMY PEKUMY)
coctaysuia 295 M?, IENSHOK BTOPOro nopsjka (1o copram u rudpugam) — 100 M%)
JNENSHOK TPETHEro mopsaka (Mo MUTaTeNbHBIM pexumMam) — 7,5 M2, TIoBTOpHOCTE
omnbITa — TpexkpaTHas. Cxema nocesa cemsiH Tomara 0,50 + 0,90 m.

@akmop A — arpodKOJIOTUYECKasi OI[EHKa COPTOB M THOPHUIOB OTEYECTBEHHOM
u 3apy0exxHoil cenexiuu. OObeKTaMHU MCCIeI0BaHMsl KYJIbTYpbl TOMaTa U3ydaiuch
cienyromue copra u ruOpuabl: Bonrorpaackuii 5/95 (copt-cranaapt), rubpun Dox-
kep F,, copt I'epkynec.

@axmop B — HayuyHOe 00OCHOBaHHUE YIPABICHHEM MPOIYKTUBHOCTBIO TUIAHHUPY-
eMBIX ypoBHeH ypoxaitHocTu Tomata: 110, 130, 150 1/ra. BapuaHThl ONIBITOB:

1) KOHTpPOIB;

2) ob6paboTka peryisaTopom pocta DHeprus-M;

3) BHeceHME MUHEpaJIbHBIX yn00peHui moj yposxkaiHocTs 110 T/ra: N —
210 kr/ra n.8.; P,O; — 85, K,O — 105 kr/ra 1.B.;

4) BHECEHHE MUHEPAITLHBIX YI00peHuit oy ypokaitHocTh 130 1/ra: N — 250 kr/ra
n.8.; P,O;— 100, K,O — 125 kr/ra a.B.;

5) BHeceHHEe MUHEpalbHbIX yA0OpeHuil moj ypoxaiHocts 150 t/ra: N —
285 kr/ra n.8.; P,O;— 115, K,O0 — 145 kr/ra a.8.;

6) BHECEHHE BOJJOPACTBOPUMOTro yaoopenus PacTBopuH;

7) KOMIUIEKCHast 00paboTKa BOAOPACTBOPUMBIM YAOOPEHHUEM U PETYIISTOPOM POCTa
OHeprusi-M;

8) komrIekcHast 06paboTka MUHEpPAILHBIMHU, BOAOPACTBOPHUMBIM YAOOPEHUSIMU
U peryJsisiTopoM pocta JHeprus-M noj ypoxaiiHocts 110 1/ra;
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9) komIuIeKkcHast 00paboTKa MUHEpPAIbHBIMHU, BOJOPACTBOPUMBIM YIOOPECHUSIMU
U peryJisiTopoM pocra DHeprus-M noj ypoxaiiHocts 130 1/ra;

10) kommuiekcHast 06pab0oTKa MUHEpPAIbHBIMU, BOJOPACTBOPUMBIM YJI00pEHHUSIMU
U peryJyisiTopoM pocra DHeprus-M noj ypoxxaitHocts 150 1/ra.

@axkmop C — BIUSHUE PEKUMOB OPOLLIEHHS Ha MPOAYKTUBHOCTh TOMATa:

1) nognep>kanue MpeAnOIMBHOIO MOPOra BIAXXHOCTU HA ypoBHE 75...75...75%
HB (mocTosiHHBIN pexXuM OpOIICHHS ),

2) momaep)aHue MPEANoIMBHOTO mopora BiaxkHoctu Ha yposae 70...80...75% HB
(nuddepennupoBaHHbIi pexxuM opoleHus): noceB — userenue — 70% HB; mse-
TeHHe — MoJIouHas crieaocts — 80% HB; Monounas crerocte — IoHast CreaocTh —
75% HB.

B kauecTBe MUHEpAIBHBIX YAOOPEHUH MCCIIEA0BAI aMMUAYHYIO CEITUTPY, ABOI-
HOU cynepdocdar u xJmopucTeiii Kanuid. 1t moarBa Ha OMBITHOM y4acTKe OblLia CMOH-
THPOBaHAa CUCTEMa KaleJbHOI'0 OpOIlIeHUsl KOHCTpYKIUU «Heonpum» B KoMIuIekTe
C KaleJbHbIMH TPYOOIIPOBOAMH C BOJIOBBIITyCKaMH uepe3 kaxkabie 0,3 M U npousBo-
JTUTENLHOCTBIO KanenbHull 1,55 1/4. [lonmuBHBIE TPYOOIIPOBOIBI CUCTEMBI KANIEIbHOTO
OpOILIEHUS YKJIaJbIBAJIM OJJHOBPEMEHHO BO BpPEMs [TOCEBA KYJbTYP.

[lepBast mogKOpPMKa BBIMOJHSIIACH IIPU MOSIBIEHUM S...7 JUCTOBBIX IJIACTUH, pa3-
Bomwm 10...15 r ynoopenust PactBopun Ha 10 1 Boabl. B mepuo miojoHOIICHUS
IPUMEHSIHN pacTBOp KoHUeHTpauuei 25 r Ha 10 s Bogsl. OnpbICKUBaHUE TPOBOAUIN
3TUM pacTBopoMm uepe3 7...10 cyT. Hannume HeCKONIbKUX MapoK MO3BOJISLIO KOMOMHHU-
poOBaTh MOJKOPMKHU B 3aBUCUMOCTHU OT (pa3bl pa3BUTHs pacTeHuil. Cxema o0paboTKH
perymisitopoM pocta DHeprus-M Brimovana: 1) 3amaunBanue cemsH (1 mit/ 1 kr cemsiH)
B TeueHue 30...40 MuH ¢ pacxojoMm pabodero pactBopa 2 JI/KT; 2) MOCJICAYIONNe
onpeickuBanus (15 r/ra) m HEKOpHEBBIC MOJKOPMKH (Ha ruromaau |1 ra B mo3e 15 T
Ha 300 r Bozbl) B HAUAJIbHBIN NEPUOJ] POCTa, B (ha3y OyTOHM3AIMS — Hayasla [BETCHHUS.

PesynbTaTbl n 06CyXAaeHne uccnenoBaHuii

Uccnenosanus 6putn poBeeHsl B 2011—2016 rr. B xozsiictse UI1 3aiinieBa B.A.,
Topomumienckom paiione Bosrorpanckoii obnactu. I'paHyioMeTpHYECKHiA COCTaB HC-
cnenyeMblx no4B Ha 80% TeppUTOPUH TSHKEIOCYTIIMHUCTBIN U OTINYAJICS HEBBICOKUM
(2,31%) coneprxaHreM rymyca B IaXOTHOM TrOpH30HTE, a Ha riayoune 0,4...1,0 M ero
KOJIM4ecTBO cHKaoch ¢ 1,05 1o 0,32%. beaHocTs 310 MOUYBBI I'yMycoM OOBSCHSAETCS
TEM, YTO MPOIECCHI MPEBPAIICHUSI OPTAaHMYECKHUX BEIIECTB B 30HE KAIITAHOBBIX TOYB
UMEIOT crielu(uueckuil 30HaIbHBINA XapakTep. B npsimoil 3aBucuMocT OT rpaHyjIoMeT-
PHYECKOTO COCTaBa HaXOJATCS BOJTHO-(PHU3NYECKUe CBOicTBa MouB. [ImoTHOCTH Crioxe-
HHS BapbUpOBaJa 10 TOPU30HTAM, HaUMeHbIIas Obuta ormedeHa B cioe 0,0...0,1 M —
1,24 T/v’. C nanbHeIImM yriryGIeHHeM 3TOT TI0Ka3aTelb YBEIMUMBAIICS B HCCIIETYEMOM
cnoe nouss! 0,0...0,6 M — 1o 1,35 /™, B cioe 0,0...1,0 M — 1o 1,45 1/m°. Haubomns-
1Iast IWIOTHOCTE CJIOKEHHUs OblIa OTMEYeHa Ha rayoune 1 M u cocrasusia 1,62 1/m’.
OO11as MOPO3HOCTH MAaXOTHOTO CJIOs TIOUBHI BapsupoBana ot 50,4 no 47,5%. Haumens-
masi BIaroeMKOCTh Kosebanachk oT 25,60% B cioe 0,0...0,1 m mo 22,82% B cioe
0,0...0,6 m. Hanmenpmas BiaroeMkocTs coctapirsiia 20,4%, BIIaKHOCTDb 3aBSIaHUSI —
8,49% B cpemnem mus cinos 0,0...1,0 m; pH mousennoro pactsopa — 6,8...8,0. Obecrie-
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YEHHOCTb TTOYBBI OMBITHOTO Y4YacTKa TUAPOSIM3yeMbiM a30ToM (110 Kopadumeay [22—
23]) — amskas (menee 100 mMr/kr mouBsl), HOABWKHBIM (pocopom (1o Maunruny [24])
OT HU3KOM 10 cpeaneii (16...30 Mr/Kr o4Bbl), 0OMEHHBIM KaveM (1o Mauuruny [24]) —
noBbIieHHas ¥ Beicokas (300...500 mr/kr).

B Hammx ompITax B OceBax TOMaTa MOBBIIIEHUE OPOCUTEIBHOW HOPMBI TIpU (-
(epeHIIMPOBAHHOM PEKUME OPOIICHHS CKJIAABIBAIIOCH 33 CUET PA3IUYHON TOJUBHOU
HOPMBI U paclpeieieHus] CPOKOB TPOBECHUS TTOJIMBOB 1O (pa3aM pocTa U pa3BUTHS.
ITpu moCTOSTHHOM peKMMeE OpOIIEHUs MOJIMBHAsI HOpMa ObLIa CTAOMIBHOM 1O BCEM
Mek(pazHBIM IEPHOIAM M HAXOJMIach B nipesienax 163 m*/ra. Ipu nuddepenuuposan-
HOM PEXUME OPOILESHUsI TPOUCXOMIIO TepepacpeieNieHie MOIMBHOM HOPMBI IO (hazam
Bererauuu: B a3y noces — uBeTeHue — 199 M*/ra 06MIMM KOJMYECTBOM MOJIMBOB
B 3TOT MEPUOJ B CPEHEM I10 roiaM — 8§, 4YTO MEHbIIE Ha 3 MOJIMBA [0 CPAaBHEHUIO
C MOCTOSIHHBIM PEXHMMOM OpolleHHs. B ¢a3y nBereHne — rmionoo0pa3oBaHue — MO-
JIOYHAsl CHEJIOCTh MIPU MOCTOSIHHOM peXXHMMe OpolIeHHs OblIo mpoBeaeHo 10 monuBoB
Hopmoit 163 m’/ra, npu nuddepeHIMPOBAHHOM — Ha 6 MOJMBOB GOJIBIIE MOJIUB-
HOI1 HOpMoOIt 127 M/ra. B Mex(a3Hblii IEpHO/] MOJIOYHAS CHENOCTh — MOJIHAS CIEI0CTh
npu 060MX PEKMMAX OPOUIEHHs MOJIUB IPOBOMICS MOJIUBHON HOpMOH 163 M’/ra
C OJIMHAKOBBIM KOJIMYECTBOM IOJIMBOB — 7 B CPEIHEM I10 I'OJ]aM 3aKJIa/IKU OTIITA.

Hawubonee Obuta 3aMeTHa O roaM uccienoBanuid AudhepeHnnanys napaMeTpoB
MIOJIMBHOTO PEXKUMa B OT/JEIbHBIE (ha3bl pOCTA U PA3BUTHS TOMATOB. Tak B OCTPO3acyII-
JIMBBIE T'OJIbl TPeOOBAIOCh HAaUOOIIbIIEE KOJIUYECTBO MOJUBOB 110 BCeM Mex(a3HbIM
MEpUOJIaM M PEKMMaM OPOIICHUS: TIPU TIOCTOSTHHOM pexume opomieHust B 2012 r. — 28,
B 2014 r. — 30, pu nuddepennmpoBanHoM pexxume — 27 U 30 COOTBETCTBEHHO
no rogam. OpocuTenbHas HOpMa B 3TOT MEPUOJ UCCIIEOBAHUN ObuIa HanOOJIbLIEH
Y COCTABMIIA TIPH TIOCTOSHHOM pexkume opomuenus B 2012 r. — 5542 m'/ra, B 2014 1. —
5868 m’/ra, npu audpepeHIIpoBaHHOM pesxuMe — 5906 u 6268 M’/ra cCOOTBETCTBEHHO
o rogaM. B naubonee O1aronpusTHOM MO THAPOTEPMHUYECKUM Tokazarensim 2016 r.
ObUIO TPOBECHO 15 MOIMBOB HAaMMEHBIIEH OPOCUTENILHON HOPMOM MPU MTOCTOSIHHOM
NOJIEP/KAHNK BJIAKHOCTH MOYBBI 75% — 2934 m’/ra, npu nudpepeHpoBaHHOM —
3207 m*/ra. OHaKo, B TEUEHHE BETETANMM HAOIIONAINCH PA3INyuus B MEK(Da3HbIN
NIEPUO/]] TIOCEB — LBETEHHUE: MPU MOCTOSSHHOM PEXUME OpolleHust — 5, ipu quddepen-
MPOBaHHOM — Ha | monuB MeHbie. CyIiecTBEHHbIE pa3nnius HaOIroAaIuch B a3y
[[BETEHUE — IUI01000Pa30BaHNE — MOJIOYHAS CIIEJIOCTh: MPH MOCTOSHHOM PEXHME
OpoIIEHHs OBLIO TPOBEIEHO 6 TIOJIUBOB HOPMOI 163 M’/ra, ipu audpepeHtmpoBan-
HOM — Ha 4 T0JuBa GoJblIe TOAMBHOI HopMoil 127 M/ra. B cpeanem 3a 2011—
2016 TT. IpH MOCTOSTHHOM PEKUME OPOIIECHHSI OBLIIO TIPOBEICHO 23 TIOJIMBA OPOCHTEIb-
HOM HOpMOii 4483 Mm*/ra, ipu uddepeHIMpoBaHHOM — 22 TIONIMBA OPOCUTEILHON HOP-
Moii 4804 m>/ra. Bo Bcex BapHaHTaX OCHOBHOW MPHUXOJIHOM CTaThei BOHOTO OanaHca
IIOCEBOB TOMATOB SIBJISUIACh OPOCUTEIbHASI HOPMA.

[Tpu 5TOM B pa3HbIe TO/IbI, B 3aBUCIMOCTH OT CKJIQBIBAIOIIMXCSI TIOTOIHBIX yCIIO-
BUI1, Ha JI0JIIO BOJIbI 32 CUET MOJIMBOB IPUXOIMIOCH IIPH IIOCTOSTHHOM PEKHME OPOIICHUS
ot 44,95 no 85,98%, npu nuddepennupoBannom — ot 47,29 no 86,83% ot oburero
BOJIONOTpeOIeHUs. B ocTpo3acynmBbIX pacxo;] MOJIMBHON BOIbI [10 BapUaHTaM OIIbITa
BapbpupoBai B npenenax ot 79,19 no 80,32% (2012 r.), ot 85,98 no 86,83% (2014 r.)
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o011ero pacxo/jia BoJibl OBOIHBIMU PACTEHUSMHU, COOTBETCTBEHHO IPU MOIEPKAHUU
MOCTOSIHHOTO ¥ TU(PEepeHIIPOBAHHOTO PEXKUMOB OpolieHHus. Heckonbko OTIINYHOM
ObuIa CTPYKTypa BoJIONOTpeOaeHus: B caMoM BiakHoM 2016 T., KorJja npuxoj Biar
B BUJIE OPOCUTENIBHON BOJbI IIPU MOCTOSIHHOM peXuUMe opouieHus coctaBui 44,95%,
npu audpepenpoBanHoM — 47,29% ot ob1ero ee pacxona.

B Hammx ompiTax cyMMapHOE BOJIOIIOTPEOJICHHE B TEUEHHE BCETO MEpUOa Bere-
TalMM B CPEHEM 32 TO/IbI HCCIIEIOBAHUI COCTABUIIO MPH MOCTOSTHHOM PEXXHUME OpOLIIe-
1t — 6301,3 MM, ipu audpepennmpoBanHoM — 6609,5 MM, U3 HUX 3a CUET HOJIHUBOB
71,0 u 72,4% COOTBETCTBEHHO MO PeXXUMaM OpOLIeHHs. Takum 00pa3oM, C TOBBIIICHUEM
NPEANOIMBHON BIAYKHOCTH [TOYBBI YBEJIMUMBAECTCS] OPOCUTEIBHAS HOPMA U JIOJISl y4acTUst
OpOCHUTENBHOM BOJIbI B CYMMapHOM BOJOIOTPEOJICHUH.

IIpoBeneHHbIE yueThl MOKa3ald, YTO MEHbIIEE KOJIUYECTBO LUIOJIOB TOMATa U Me-
HEe 3HAYUTENIbHBIM UX CPETHHUI BeC ObUIM yCTAaHOBJICHBI HA PACTEHHSX, BHIPAIICHHBIX
6e3 y100peHni Ha KOHTPOJIbHBIX BapHaHTaX MO BCEM PEXUMaM OpPOLLICHMUS.

Uro kacaeTcsi BApUaHTOB € pa3nuuHbIM cooTHouleHMeM NPK Ha minanupyemyto
yposkaitHocTh ToMaToB 110, 130, 150 1/ra, TO KOIMYECTBO CHOPMUPOBABIIUXCS TIOIOB
Ha OZHOM KycTe ObU10 npu JuddepeHIpoBaHHOM PEKUME OPOIICHHUS M0 BCEM Bapu-
aHTaM OIbITA BbIIIE, YEM IIPU IIOCTOSSHHOM PEXUME.

KowmmiekcHast 00paboTka pacTeHHi TOMaTOB MUHEpPaIbHBIME y100peHusiMu + Pac-
TBOpUH + DHeprus-M crnocoOCTBOBaNA YBEIMUEHUIO KOJIMYECTBA IJIOI0B HA KyCTe
IIPY IIOCTOSIHHOM pexxume opouieHus no copry I'epkynec no 19,4...20,7 wr. npu
cpeaneM ux Bece 102...107 r., Ha rudpune Pokkep F, chopmupoBanocs HanbobIee
Ko4ecTBO 1ooB — 21,0...22,6 mT., HO HaMMeHbIIeH cpeanen Mmaccoit — 92...98 T,
B TO BpeMsl, Kak Ha copTe-ctanaapre Bonrorpanckuit 5/95 — 17,7...18,7 wt. maccoit
101...106 r. duddepeHnunanus nNOJIUBHBIX HOPM MOBBIIIANA KOJIUYECTBO IJIOJ0B
o copty I'epkynec no 20,2...21,8 mr. npu cpennem ux Bece 107...112 1, Ha rubpue
®doxkep F, chopmupoBaocs 6osibliee KOIMIECTBO II0J0B — 22,7...24,1 mt. Maccoi
94...101 r, uro BBILLIE MOKa3aTejeil Ha copTe-cranaapte Ha 1,3...1,6 u 3,8...3,9 mwr.,
MpH 3TOM WX Macca coctasisiia 103...110 .

Ha kyieType ToMar Ha BeeX MCClielyeMbIX copTax u ruopuze (Bonrorpanckuii 5/95,
®oxkkep F, u I'epkynec) ans nomyuyeHus miaHupyeMmoi npoaykrusaocty B 110, 130,
150 1/ra HEOOX0AMMO co3/1aBaTh TU(depeHINPOBAHHBINA PEKIM OPOILCHHS, YTO JaBaJIO
BO3MOJKHOCTb TI0JTy4YaTh MpuOaBKy ypokaitHocTu f0 18,8 T/ra (Ha rmaHupyemyro ypo-
xaiHocTh 130 1/ra) u 1o 10,2 T/ra (Ha manupyemyto ypoxaiHocts 150 T/ra) B Bapuan-
tax NPK + PactBopun + Dueprus-M (Tabdi.).

[Tpu ycTaHOBIEHNH KaY€CTBEHHBIX XapaKTEPHCTUK IUIOJI0OB TOMAaTa HaMHU OBLIO
BBISIBJICHO, YTO HauOOJIee NHTEHCUBHOMY HAKOILICHHIO CyXUX BEILLECTB B IUIOAAX TOMATa
CIOCOOCTBOBAJIO BHECEHUE CAMBIX BBICOKUX /103 y100peHHii B komIuiekce ¢ PacTBopu-
HOM U PEryJIsITOpOM pocTa npH AudGepeHIMpOBaHHOM pexkume opomenus. [IpindaBka
CYXHX BEIIECTB HA 3TOM BapHUaHTE 110 CPABHEHHIO C MOCTOSHHBIM PEXUMOM OPOIIECHHS
cocTaBmia Ha copre-ctanaapre Bonrorpaackuit 5/95 0,2%, na rubpune ®okkep F1
u Ha copre ['epkynec — 0,6%. [IpoBeieHHBIE OIBITHI TOKAa3aJIM, YTO CO/IEPIKAaHUE Opra-
HUYECKUX KUCJIOT B IUIOJaX TOMATOB HE3HAYUTEJILHO BapbUPOBAIO B 3aBUCUMOCTH
OT BHUJIOB, /103 yI0OpEHHUI U YCIIOBUNA yBIIQ)KHEHMSL.

340 PACTEHMEBOJICTBO



Kalmykova E.V. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):329—346

Tabnua
O b deKTUBHOCTb UCCIeayeMbIX arponpmMeMoB B NoceBax Tomara, cpegHee 3a 2011—-2016 rr. :
Bonrorpaackuin 5/95 Poxkep F1 lepkynec
Ypoxan- Tosap- Ypoxai- Tosap- Ypoxai- Tosap-
BapvaHT onbra HOCTb, T/ra HOCTb HOCTb, T/ra HOCTb HOCTb, T/ra HOCTb
nnoaos, nnoaos, 10408,
006- | ToBap- % 006- | ToBap- % 00- TO- %
was | Has Liast was | Bap-
Hasi
75...75...75% HB
KoHTponb 56.5| 42.7| 755 70.9| 54.3 76.5 745| 58.1| 77.9
BHeprus-M 68.8| 54.9| 79.6 | 84.5| 68.6 81.1 88.4| 72.7| 82.2
N, PacK, o 82.6| 67.7| 819 | 99.7| 827 82.9 106.6| 89.6 | 84.0
N,2oP 10K 15 91.7| 75.8| 826 |[110.3| 92.3 83.6 117.2| 99.3| 84.7
N,oP 1K s 99.8| 83.1| 83.2 [119.1]100.3 84.2 126.3| 108.0 | 85.5
PactBOpUH 73.9| 59.3| 80.1 89.9| 73.1 81.3 94.4| 78.0| 82.6
N,.P.K,. + PactBopyH 92.4| 76.5| 827 |110.1| 92.2 83.7 116.7| 98.9| 84.7
N,.,P...K,,. + PactBopuH 108.2| 90.3| 83.4 [127.6|107.6 84.3 133.9| 114.6 | 85.6
N,..P, K., + PactBopuH 115.4| 97.0| 84.0 |[1364|1159| 850 [142.11225] 86.2
PactBopuH + SHeprua-M 77.4| 63.0| 81.3 | 95.3| 79.1 83.0 100.3| 84.0| 83.8
N,,.P.K,+PactBopuH + 3Heprus-M | 99.0| 82.9| 83.7 |119.4|100.9 84.4 125.8| 107.9 | 85.7
N,..P..K..*+PactBopyH + OHeprus-M | 114.1| 96.2| 84.3 |136.0| 116.0 85.2 142.5| 123.0 | 86.3
N,..P,.K,.+PactBopyH + OHeprus-M | 123.2| 104.7| 84.9 |145.1| 1245 85.8 153.9| 133.7 | 86.8
70...80...75% HB
KoHTponb 61.1| 46.9| 76.7 75.2| 58.5 77.7 78.8| 62.0| 78.7
OHeprus-M 72.7| 59.0| 81.2 88.8| 73.1 82.3 92.2| 77.0| 83.4
N, PacK, o 88.1| 73.1| 83.0 |105.0| 88.8 84.6 112.0| 95.7| 85.4
N0 P00 Kooe 98.3| 82.5| 83.8 |116.3| 99.3 85.3 124.0 | 107.0| 86.3
NP, K. 106.4| 89.9| 845 [1249|107.4 86.0 133.4 | 116.1| 87.0
Rastvorin 78.3| 64.0| 81.6 94.8| 78.5 82.8 99.1| 82.9| 83.6
N, P..K,.s + PactBopuH 98.5| 82.7| 83.9 |1164| 99.4 85.4 122.4(105.9| 86.4
N,.P,..K,,. + PacTBopuH 1152 97.5| 846 |134.1[1156| 86.1 |140.2|122.3| 87.2
N,..P...K,.. + PactBopuH 122.6|104.4| 85.1 143.1| 123.9 86.6 149.1 | 130.9| 87.8
Rastvorin + SHeprus-M 82.1| 68.2| 83.0 99.6| 84.0 84.3 104.9| 89.4| 85.2
N, P.K, + PactBOpUH + QHeprua-M | 105.3| 89.4| 84.8 |125.8| 108.4 86.1 131.8| 115.0| 87.2
N,..P K.+ PactBopyH + OHeprua-M | 120.8| 103.4| 85.6 |142.1| 123.4 86.8 148.8 | 130.7 | 87.8
N,..P...K, + PactBopuH + OHeprua-M | 130.0| 112.3| 86.4 | 1514|1325 87.5 160.2 | 141.9| 88.5
HCP 05 (2011) 3.94 HCP 05 (2013) 4.52 HCP 05 (2015) 412
HCP 05 A 0.66 HCP 05 A 0.75 HCP 05 A 0.69
HCP 05 B 0.80 HCP 05 B 0.92 HCP 05 B 0.84
HCP05C 1.61 HCPO5C 1.85 HCPO05C 1.68
HCP 05 AB 2.78 HCP 05 AB 3.20 HCP 05 AB 2.91
HCP 05 AC 2.27 HCP 05 AC 2.61 HCP 05 AC 2.38
HCP 05 BC 1.14 HCP 05 BC 1.30 HCP 05 BC 1.19
HCP 05 ABC 0.80 HCP 05 ABC 0.92 HCP 05 ABC 0.84
HCP 05 (2012) 4.40 HCP 05 (2014) 4.30 HCP 05 (2016) 4.41
HCP 05 A 0.73 HCP 05 A 0.72 HCP 05 A 0.73
HCP 05 B 0.90 HCP 05 B 0.88 HCP 05 B 0.90
HCP05C 1.80 HCPO0O5C 1.75 HCPO0O5C 1.80
HCP 05 AB 3.11 HCP 05 AB 3.04 HCP 05 AB 3.12
HCP 05 AC 2.54 HCP 05 AC 2.48 HCP 05 AC 2.54
HCP 05 BC 1.27 HCP 05 BC 1.24 HCP 05 BC 1.27
HCP 05 ABC 0.90 HCP 05 ABC 0.88 HCP 05 ABC 0.90
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HaubGonee nuzkoe conepkanue ackopouHoBoii kuciotsl (0,53...0,56% — npu
HNOCTOSSHHOM pexume oporieHus; 0,56% — npu auddepeHIMpoBaHHOM peXUMe
opoteHus) ObIJI0O OTMEUYEHO Yy IJIOJ0B ¢ HEYJOOPEHHBIX AENSHOK, COOTBETCTBEHHO
no copram u rubpugam. Ha Bcex BapuaHTax, ryie BHOCHIOCH MHHEPAIbHOE yI00peHne
10J1 IJIaHUpyeMble ypoBHU ypoxaitHoctu 110, 130, 150 T/ra, KUCIOTHOCTH MJIO0B
obuta B penenax 0,61...0,64% Ha copre-crangapre Bonrorpanckuii 5/95 npu nocrosH-
HOM pexxume oporenus, 0,63...0,65% — npu nuddepeHnnanum NOJTUBHON BOBI
0 TEepUo/iaM pocTa.

B cmity cBoux 6monorndeckux ocooennoctet ruopun @oxkep F, u copt ['epkynec
HaKaIrIMBaJld MEHBIIee KOJTMIEeCTBO KUCIOTHI B roaax — 0,57...0,60% mpu mocTosH-
HOM pexkume opoutenust. [Ipu nuddepenimpoannom pexxume Ha rudbpune Pokkep F,
IIPOUCXOAMIIO CHHKEHUE YpoBHs KucaoTel 10 0,61...0,64%, oTHOCUTENIBHO BapuaHTa
Bomnrorpazackwuii 5/95, a Ha copte I'epkynec — yBenuuenue 10 0,66% npu BHECEHUH
ya0OpeHuil Ha TuiaHupyemyro ypoxaiHocts 150 1/ra. Takum oOpa3om, yCUICHHBIN
BOJIHBI M TIUTATENILHBIA PEXKUM TTOYBBI OKA3bIBAJI MOJIOKHUTEIHHOE BIMSHUE HA TOBBI-
IIEHHE YPOXKAMHOCTH C yIIydllIeHHeM OMOXHMHUYECKOT0 COCTaBa IJI0J0B.

Jins mpon3BoaMTENsT HANOOJIEe S3KOHOMUYECKH ONPaBJAHHBIM SIBJISUIOCH BO3JIEJIbIBA-
Hue ToMara copta ['epkynec Ha pone N,eP, 5K, s + PactBopun+Oneprus-M. Ilo Bapuan-
TaM JIOCTUrajiach OKyIaeMOCTh IPOU3BOJICTBEHHBIX 3aTpar B cymme 6,87 pyouieit joxona.

BbiBOAbI

C uenbro Noy4YeHUs! BBICOKOKaYeCTBEHHBIX U TapaHTUPOBAHHBIX YPOXKAeB TOMaTa
B YCJIOBUSX HEYyCTOMYMBOIO yBiaaxxHeHus: Huxuero [ToBoykbs B MOA30HE CBETIO-Kalll-
TaHOBBIX MOYB PEKOMEH/TyeM IPUMEHSTh Pa3IMuHbIA PEXKUM OpOLICHHS 10 (a3aM Bere-
TaIyu ToMara (Ui CPEeTHETIO3IHNX ) — OT BCXOJIOB 110 liBeTeHuss — He Huxke 70% HB,
OT HayaJia [[BETEeHHUs J0 Haydana miogoodpazoBanus — 80% HB, ot Havana mnomo-
HOIIICHHS JIO TTOCNIeIHeH yoopku — He Hmke 75% HB. Arposkosiorndeckas oneHKa
COPTOB U THOPHIOB UCCIICAYEMOMN KYJIbTYpPhl OTEUECTBEHHON U 3apyOeKHOM CeNeKInu
JUI BBIpALIMBAHUS B YCJIOBUSX KaIeJIbHOTO OPOLIEHHUS MO3BOJISIET PEKOMEH10BaTh
cpeaHeno3Huil copt Tomara ['epkynec, BbIBeIeHHbINH Ha KpbIMCKOI ONBITHO-CENEK-
monHo cranimu Beepoccuiickoro HUU pactenneBonctsa. [Ipu nuddepenmponan-
HOM pEXHUME OPOLICHHUSI ONTUMAIIbHBIM [TUTATENbHBIM PEKUMOM SBIISIETCS KOMIUIEKCHOE
NPUMEHEHNE B TEUEHHE BCEH BEreTaly pacueTHBIX /103 Ha IIAHUPYEMYIO YPOKalHOCTb
MHHEPAIbHBIX, BOJOPACTBOPUMBIX YIOOPEHHH U POCTOPETYIATOPOB (I103bI, PEKOMEH-
JlyeMBbI€ TI0 CIIPABOYHUKY MECTUIUIO0B U arpOXMMHUKATOB) MO KYJIbTYpe TOMAT Ha Iuia-
HUpYyeMYI0 ypokaHOCTh 150 T/ra — NygsPy,5K, 5 + PacTBopun + DHeprus-M.
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Tomato fertigation in an open ground
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Abstract. Obtaining high and stable yields of tomato with good consumer qualities in the open field
has now become problematic due to the fact that hybrids and varieties of tomato of an intensive type place
high demands on the presence of moisture and nutrients in the root-soil layer. The required level of soil
moisture in combination with the introduction of calculated doses of mineral fertilizers during the growing
season provides for obtaining the planned yields of vegetables, including tomato. The most important
resource for the further development of agriculture in the Russian Federation is irrigated land. Volgograd
region is one of the largest irrigated agricultural regions in Russia. Growing of almost all vegetables
in the region is conducted on irrigated lands. The use of only one irrigation without the use of fertilizers
will not have a positive impact on the growth, development and productivity of plants. Fertigation is the most
effective and economical way of delivering nutrients to the plant root system and allows to get a higher
yields than other methods of fertilizer application. In fertigation systems, the control of optimal concentra-
tions of fertilizers is easily achieved, their ratio and these parameters can be controlled automatically.
The purpose of this work was to study the comparative efficiency of ammonium nitrate, calcium nitrate
and a combination of calcium nitrate and ammonium chloride for tomato fertigation in combination
with non-root dressings of complex water-soluble fertilizers containing macro- and microelements in open
feild on irrigated lighchestnut soil of dry steppe zone of chestnut soils in the Volgograd region. As a result,
analysis of the use of mineral fertilizers for tomato fertigation in light chestnut soils of the Volgograd region
was carried out. The positive effect of foliar dressing with microelements in the proposed dosages has
been proven.

Key words: irrigation, open field, soil moistening, planned crop, plant productivity, saltpeter, dry
steppe zone, tomato, fertigation, foliar application
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Annortauus. CoBpeMEeHHbIE COpTa U THOPUJIBI BO3ZIEIBIBAEMbBIE B OTKPHITOM I'PYHTE OU€Hb TPeOo-
BaTEJIbHBI K HAJTMYHIO BJIATH U TUTATEIILHBIX BEIIECTB B IIOYBE.

HUccnenoBano mpuMeHeHue (epreTanuy ISl TOBBILEHUS] YCTOMIHBOCTH TOMAaTOB Ha OPOLIAeMBIX
3eMIISIX.

W3yuena cpaBHHUTENbHAS 3G (EKTUBHOCTDh UCIIOJIB30BAHUS aMMHAYHON CEITUTPBI, KaIbIIMEBOU
CEeNUTPBI (HUTpaTa KajbLHsl) 1 KOMOWHAIIMM KaJbLIUEBOH CEUTPBI M XJIOPHIa AMMOHHS ISl (PepTHr ALK
TOMAaTa B COUYETAaHUH C HEKOPHEBBIMH ITOJKOPMKAMH KOMIJIEKCHBIMH BOJIOPACTBOPHUMBIMH yIOOPEHUSIMH,
collepyKallliMH MaKpo- ¥ MHKPOAJIEMEHTE], B OTKPBITOM TPYHTE Ha OpOIIAeMOl CBETIO-KAIITAHOBOW MIOYBE
CYXOCTEITHOW 30HBI KalITAHOBBIX 1104B Bonrorpaackoii o6nacTu.

[IpoBeneH aHanM3 UCMOJIB30BaHKS MUHEPAIBHBIX YAOOPEHHH Uil (pepTUrauy ToMara B yCIOBHAX
CBETJIO-KaIITaHOBBIX 1T0YB Bomnrorpaackoit odnactu. JJoka3zaHo MOMOKUTEILHOE BIMSHHUE JIMCTOBBIX MO~
KOPMOK MHKPODJIEMEHTaMH B NIPEIOKSHHBIX JO3MPOBKaX.

KuaioueBrble cji0Ba: opoiieHne, OTKPBITHIN TPYHT, YBIQKHEHHUE TIOYBEI, IUIAHUPYEMBIA YPOXKaid,
MIPOAYKTHUBHOCTH PACTEHUH, CEIUTPa, CYXOCTEIHAS 30Ha, TOMAT, (hepTUTAIHS, JIUCTOBBIE TOAKOPMKH,
Bounrorpanckas o61acTb
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Introduction

Tomato is one of the most popular vegetables, required by the population of the
Russian Federation in a fresh form. Under favourable import conditions of the last
20 years, as well as growth of greenhouse production, fresh tomato fruits became more
affordable in the off-seasonal period [1, 2].

However, obtaining high and stable tomato yields having good consumer qualities
in an open feild has now become problematic as tomato hybrids and varieties and
of intensive type require increased moisture and nutrient level in root layer of soil.
The difficulty is that weak and underdeveloped root system of tomato seedlings have
to grow a large vegetative mass in a short period of time which is possible only under
optimal soil moisture and fertilizer conditions [3—5].
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Irrigated cropland is the most important resource for further development of the rural
economy of the Russian Federation. The Volgograd region is one of the largest regions
of the country where irrigated agriculture is used. Practically, all vegetable cultivation
in the region is carried out on irrigated lands [6—38].

In vegetable farms of the Volgograd region, great importance is attached to de-
velopment of environmentally friendly technologies and technical means of irrigation
including drip irrigation. This method allows to maintain a favorable water and air regime
in soil without surface and soil runoff of irrigation water [9]. Moistening soil in combi-
nation with application of calculated doses of mineral fertilizers during the vegetative
period ensures the planned yields in different vegetables including tomatoes. Based
on maintaining ecological, economic, social balance and stability, one of the basic tasks
of irrigated agriculture is to use every cubic meter of irrigation water most effectively.
Furthermore, it is reasonable to use irrigated croplands for the most valuable, highly
profitable crops, among which is tomato. Plant water consumption and mineral nutrition
is closely interconnected [10].

Application of only one irrigation without fertilizers does not show a positive effect
on plant growth, development and productivity.

Fertigation is the most effective and economical way to increase nutrient availability
to plant root system and results in higher yields compared to other methods. Control
of optimal fertilizer concentration is easily accessible by the use of fertigation systems,
where the parameters can be controlled automatically.

A complete refusal from the use of mineral fertilizers will inevitably lead to cata-
strophic reduction in food production. Therefore, the most correct is improvement
of fertilizer application technology, their introduction in optimal doses and appropriate
storage. When fertilizer application is uneven, some plants have excess amount of nu-
trients, while others lack minerals. This leads to unequal plant development and ripening,
decreased yields and quality. Fertigation is free from these disadvantages, since it allows
to add nutrients to root layer of the soil in a predetermined calculated dosage in all growth
periods and development of tomato plants. The technology of fertigation can be improved
by tomato leaf dressings with mimineral fertilizers [13—15].

The goal of this work was to study comparative efficiency of ammonium nitrate,
calcium nitrate and a combination of calcium nitrate and ammonium chloride for tomato
fertigation in combination with non-root dressings of complex water-soluble fertilizers
containing macro- and microelements in open feild on irrigated lighchestnut soil of dry
steppe zone of chestnut soils in the Volgograd region.

Materials and methods

Field experiments were conducted on light-chestnut soils in Gornaya Polyana Train-
ing Scientific and Production Center (Volgograd State Agrarian University) in 2016—
2017. Tomato fertification in combination with various leaf dressings was studied.

The planting pattern is shown in Fig. 1. The number of planted plants per 1 ha
was 28,000.
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Table 1

Variants of field experiments for studing fertigation
and leaf dressing effect (Gornaya Polyana)

Ne Variant

Ammonium nitrate fertigation

N|—

Ammonium nitrate fertigation
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)
+NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)

Calcium nitrate fertigation

E (Y]

Calcium nitrate fertigation
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)
+NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)

5 Calcium nitrate fertigation before flowering-fruiting phase (1—4 fertigations) + calcium nitrate and potas-
sium chloride fertigation from flowering-fruiting phase (12.7 kgCl/ha, 16.9 kg K,0) (5—6 fertigations)

6 Calcium nitrate fertigation before flowering-fruiting phase (1—4 fertigations) + calcium nitrate and potas-
sium chloride fertigation from flowering-fruiting phase (12.7 kgCl/ha, 16.9 kg K,0) (5—6 fertigations)
+NPK 18 : 18 : 18 leaf dressing + microelements in vegetative phase (0.6% solution, 300 I/ha)

+ NPK 10: 5: 40 foliar dressing + microelements in the flowering-fruiting stage (0.6% solution, 300 I/ha)

17

100

- - -
i £
+ + + }
& &
- - -

PE pipe 32—50 mm
Start connector with rubber
Compression fitting for PE
Venturi 3/4 injector

Injector harness

Fertilizer tank

Fig. 1. Schematic diagram of drip irrigation system for tomato field experiment
in Gornaya Polyana Center
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A unique drip irrigation system was used for tomato irrigatation. Irrigation was
carried out to maintain pre-irrigation soil moisture in active layer at the level of 80% FC.
Soil moisture was determined by thermostat-weight method, and also controlled using
tensiometers [11].

Podarochny tomato variety was planted after safflower (Asteraceae) belonging
to oil crops.

After harvesting safflower in August, stubble peeling followed by subsequent chisel
tillage at 0.38...0.40 m and real tillage at 0.20...0.22 m was carried out.

Harrowing, weed cultivation and pre-sowing cultivation with local application
of complex Azofoska mineral fertilizer (16.16.16) at a dose of 200 kg/ha, 1.4 kg/plot
were carried out before seedling planting.

Schedule for Podarochny tomato fertification in field experiment:

1) seedling transplanting — 19 May

2) the first fertigation—June 1;

3) the second fertigation — June 9;

4) foliar dressing in tomato vegetative phase — 13 June;

5) the third fertigation — June 14;

6) the fourth fertigation — June 20;

7) foliar dressing in flowering — fruit formation stage — June 27;

8) the fifth fertigation — June 28;

9) the sixth fertigation — July 4.

Results and discussion

Planting seedlings in open ground was carried out in the second decade of May.
During the week, the seedlings were taking root. Both pre-planting and post-planting
irrigation were carried out with 80...100 m’/ha rate. 12...16 days later, well developed
tomato plants formed flower buds in some variants, and flowering stage was fixed
in the second decade of June for all the variants.

Thus, period from planting to flowering was 36...37 days according to the variants.
Period from flowering to fruit formation lasted 7...8 days. Period from fruit formation
to full ripeness of fruits was from 42 to 44 days. The number of harvesting held was five.

The last harvest date was on 5 September. After completing vegetative irrigation
of tomato plants they remained in good condition in the end of the second decade
of September. Moreover, they actively flowered, carried fruits and formed a meaningful
yields of green, brown and red fruits. Hence, duration of vegetative period in the studied
tomato varieties can be conditionaly accepted at an average of 110 days.

Data on these indicators are shown in table 2.

Table 2
Dates of tomato phenological phases
Variant Main phenological phases
Trans- Flower bud | Beginning Fruiting Beginning Mass
planting formation | of flowering of ripening ripening
1. Ammonium nitrate 19 May 19 June 26 June 4 July 23 July 15 August
3. Calcium nitrate 19 May 18 June 25 June 3 July 23 July 16 August
5. Calcium nitrate + 19 May 19 June 25 June 2 July 22 July 15 August
potassium chloride
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2 manual weeding and 6 intercultural cultivations were carried out during the ve-
getation period. To protect tomato plants from harmful pathogens, chemical treatments
with fungicides and insecticides were carried out.

In order to maintain 80% FC pre-irrigation moisture content in 0.5 m soil layer,
tomato seedlings were applied with 34 irrigation treatments with a total irrigation rate
of 4200 m’/ha (table 3) during the growing season. The amount of precipitation was
143 mm or 1430 m’/ha for growing season. The use of soil moisture by tomato plants
was 213...276 m*/ha.

Table 3
Influence of fertigation and foliar dressing on water consumption
in Podarochny tomato (2016—2017)
Ptret_cipi- Irrige;tion Water (t:_on- 3 Gross Index of water Water use
Variant ation rate sumption . consumption, efficiency,
s vield, t/ha m/t kg/ha/mm
m°/ha g
1 276 5906 68.5 86.2 115.9
2 264 5894 69.2 85.2 117.4
3 213 5843 71.6 81.6 122.5
4 1430 4200 227 5857 72.8 80.5 124.3
5 245 5875 89.4 65.7 152.2
6 251 5 881 103.6 56.8 176.2
Table 4
The effect of fertilization on yield structure of tomato cv. Podarochny (2016—2017)
Variant | Average number Average fruit Standard fruit Non-standard Waste (diseased
of fruits per plant weight, g yield, t/ha fruit yield, t/ha fruits), %
1 20 122 64.4 41 6
2 22 112 65.0 4.2 6
3 23 111 68.0 3.6 5
4 23 113 69.9 2.9 4
5 24 133 84.9 4.5 5
6 26 142 99.4 4.2 4
LSD,, — 14.16.
Yield, t/ha
120,0 - 103,6
—
100,0 1| s - g3.4
71, 72,
80,0 I 685 69,2
60,0
40,0 -
20,0 A
O’O s - - == =
1 2 3 4 5 6
Variant

Fig. 2. Tomato yield, t/ha (2016—2017)
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An analysis of the harvested tomato structure shows that minimum number of fruits
per plant (20) with an average mass of 122 g was formed in the first variant with ammo-
nium nitrate without foliar treatments. The maximum values (26 fruits, 142 g) were
obtained in the last variant, where calcium nitrate and ammonium chloride in combina-
tion with foliar dressings were used for fertigation.

The second to fifth experimental variants occupied an intermediate position, where
the average number of fruits on the plant ranged from 22 to 24, and their mass ranged
from 111 to 133 g (Table 4).

As a result, the total yield of standard and non-standard fruits was also the largest
in the sixth variant — 103.6 t/ha, in the fifth variant it was 14.2 t/ha less, 72.8 t/ha was
in the fourth variant, and the lowest yield (68.5 t/ha) was recorded in the first variant,
which was 35.1 t/ha (33.8%) less compared to the sixth variant.

Conclusions

The obtained results confirm conclusions about the significant advantages of using
calcium nitrate for tomato fertigation compared to ammonium nitrate. Moreover,
the experiments demonstrated that additional application of chlorides and foliar dressings
with complex water-soluble fertilizers in fertilization program gave better results. Thus,
it resulted in not only tomato yield increase, but also improvement in such quality
indicators, as content of soluble solids and keeping quality of fruit.

The results of the study also indicate that the studied tomato fertilization programs
did not showed any negative effect on salt content and composition of exchange cations
in light-chestnut soil.

BBepeHune

Tomar siBisieTcss OHUM M3 CaMbIX BOCTPEOOBAaHHBIX OBOILEH, MOTPEOIIsIEMBIX Hace-
nenreM Poccuiickoit @enepaiiu B cBexkeM Bujie. B criiokuBimuxcst 3a mocneanve 20 net
YCIIOBHUSIX OTHOCHTENILHO CBOOOIHOTO MMIIOPTA, a TAKXKE POCTa TETUTMYHOTO MPOU3BOJI-
CTBa, CBEXKHME TUIOIBI TOMATa CTaIM 0oJiee TOCTYITHBIMU BO BHECE30HHOE Bpems [ 1, 2].

BwMmecTe ¢ TeM moiryueHre BHICOKHX U CTaOMIIBHBIX YPOXKAaeB TOMAaTa C XOPOIIUMH
MOTPEOUTETHLCKUMHU KauYeCTBAMH B OTKPBITOM IPYHTE B HACTOSIIIEE BPEMS CTAJIO TIPO-
0JIeMaTHYHBIM BCJIEACTBUE TOTO, YTO THOPHJIBI U COPTA TOMAaTa HHTCHCHBHOTO THIIA
MPEABSBISIIOT MOBBIIICHHBIE TPEOOBAHNS K HAJMYHUIO BJIATU U MUATATEIIbHBIX BEIIECTB
B KOpHEOOHTaeMOM cJioe MouBbl. CII0)KHOCTB B TOM, YTO TPH c1a00pa3BUTON KOPHEBOH
CHUCTEME pacTeHUsl ToMaTa JAOJIKHBI 32 KOPOTKUM MPOMEKYTOK BPEMEHHU HAPACTUTh
OOJIBIITYIO0 BETETATUBHYIO MACCY, YTO BO3MOYKHO TOJIBKO MPU ONTUMAIBHON BJIQXKHOCTH
MOYBHI U AKTUBHOM NOTPEOJICHUH HEOOXOAMMOr0 KOJMYECTBA SJIEMEHTOB MHUHEPAIIb-
HOro nuTaHus [3—5].

BaxxnelmmM pecypcoM JaTbHEMIIIErO pa3BUTHSI CENIBCKOTO X03sHcTBa Poccuiickoit
Odenepanun SBISAIOTCS OpolaeMbie 3eMii. Bonrorpaackas 001acTe — OIMH U3 KPYII-
HBIX PErMOHOB OPOIIAEMOTO 3eMJIC/ICNNS Hallle cTpaHbl. [IpakTiuecku Bce OBOIIEBO/I-
CTBO B 00JIaCTH BEJICTCS Ha TOJMBHBIX 3eMIsX [6—S].

B oBomeBouecknx xo3sicTBax Bonrorpaackoi o6iactu 60bIoe 3HAYCHUE TIPH-
JIae€TCSl OCBOCHHIO AKOJIOTMUECKH 0€30MaCHBIX TEXHOJOTUIA U TEXHHUYECKUX CPEACTB
MOJINBA, K KOTOPBIM OTHOCHUTCSI KaleJIbHOE OpPOIIeHHE. ITOT CIIOCO0 TO3BOJISAET MOJI-
JIEp>KUBATh B TIOYBE OJIATOMPUATHBIN BOJHO-BO3AYIIHBIN PEKUM 0€3 TOBEPXHOCTHOTO
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¥ BHYTPHIIOYBEHHOTO CTOKOB OPOCHTENBLHON BOJIBI [9]. HeoOXoanMmeblii ypoBeHb yBIaX-
HEHUs [IOYBBI B COYETAHUM C BHECEHHEM PACUETHBIX 703 MUHEPAJIbHBIX yA00peHUH
B TEUEHHUE BErETALMOHHOTO IIEpHo/ia 0OeCTIeunBaeT MoydeHHe IUIaHUPYEMbIX YPOXKaeB
OBOIIEH, B T.4. U ToMarta. Mcxons u3 cooOpaxeHHH MOAIEePKaHUs SKOJIOTHUECKOT0, KO-
HOMHYECKOTO, COIIMAIBHOTO PABHOBECHS M CTAOMIBHOCTH, OJJHA U3 OCHOBHBIX 337a4 OpO-
IIAEMOT'0 3€MJIC/ICTHS COCTOUT B TOM, YTOOBI HCIIOIB30BaTh KaXkKIbI KyOMIECKUH METp
OPOCHUTEIJIFHOH BOJIBI, PACXOyeMO Ha IOJIMB CeIbCKOXO3SHCTBEHHBIX KyJIbTYp, Handomee
s dextuBHo. Hapsay ¢ 3TUM HCIIOIB30BaTh OpOLIaeMbIe 3eMIIN 1IeJIec000pa3Ho, Mpexkae
BCCro, I1oJ1 ICHHEIC, BI)ICOKOpeHTa6eJ'IbHI>IC KYJIbTYPBI, K YUCIY KOTOPBIX OTHOCHUTCS TOMAT.
BoponoTrpebnenne pacTeHui 1 MUHEPAIbHOE TUTaHNE TECHO B3anMocBs3ansl [10].

[TpuMeHeHne TOIBKO OJJTHOTO OpOIICHUs 0e3 MPUMEHEHHUsT YJOOPEHH HE OKaXeT
IIOJIOKUTENIBHOTO BIIMSHUS HA POCT, Pa3BUTUE U IPOJYKTUBHOCTD PACTEHUIA.

®epTuranus sBisieTcs Haubosee dPPEKTUBHBIM U YIKOHOMHYHBIM CTIOCOOOM
JIOCTaBKU ITUTATEJIbHBIX BEILECTB K KOPHEBOM CUCTEME PACTEHUM U MTO3BOJIET M10JIy4YaTh
OoJiee BBICOKHI yposKail M0 CPaBHEHUIO C IPYTUMH CIIOCOOaMU BHECEHUS YA00pEHHUH.
B cucremax ¢epruranum Jerko J0CTUraeTcsl ynpanBieHHe ONTUMAaIbHBIMU KOHIIEHTpa-
IIUSIMU YA0OpEHUH, UX COOTHOIIEHHWEM U 3TU MapaMeTpbl MOT'YT KOHTPOJIMPOBATHCS
B aBTOMaTnueckoM pexxume [11, 12].

[TonHbIi OTKA3 OT NPUMEHEHUs] MUHEPAJIbHBIX Y100pEHUH, KOTOPBIH HEKOTOphIE
NpeaIaraloT B Ka4eCTBE OHOTO U3 IyTeH Pa3BUTHS CEIbCKOTO X035iCTBA, HEU30EKHO
NpUBEJET K KaTacTPO(PUIECKOMY COKpAILEHHIO MPOU3BOJICTBA MPOA0BOIbCTBUS. [103-
TOMY OOJIee PAaBUIILHBIM SIBISIETCSI KOPEHHOE YITYYIICHUE TEXHOIOTUH UCTIOIb30BAHUS
MHHEpaIbHBIX YI00pEeHHH, BHECEHHE UX B ONTHMAJIbHBIX J03aX U COOTHOIICHUSX, Mpa-
BUWIIbHOE XpaHeHue. [Ipy HepaBHOMEPHOM MX BHECEHUM OJIHM PACTEHHUS MOITYYalOT
U30BITOYHOE, a APYTHE — HEIOCTATOYHOE KOJIMYECTBO MHUTATENBHBIX BEIIECTB. JTO
IPUBOJUT K HEOJAMHAKOBBIM TEMIIaM Pa3BUTHS U CO3PEBAHUS PACTEHUH, CHIXKEHUIO
ypoxasi U KauecTBa npoaykiuu. depruramusi cBOOOHA OT ITUX HEIOCTATKOB, I10-
CKOJIbKY IT03BOJIICT BHOCUTh ITUTATEIbHBIC BEIIECTBA B KOPHEOOUTAEMBbIH CII0H IOYBBI
B 33/IaHHOI pacyeTHOM J103MPOBKE BO BCE MEPUO/IbI POCTA M Pa3BUTHUS paCTEHUN TOMATa.
Texnonoruto epruray MOXKHO YCOBEpPILICHCTBOBATH 3a CUET NPOBEIEHUS JTUCTOBBIX
(HEKOpHEBBIX) IMOJAKOPMOK TOMaTa paCTBOPaAMH MHUHEPAIbHBIX yao0perwmii [13—15].

Ileap nanHOM pabOTHI 3aKiItOUaIach B U3yUYE€HUN CPABHUTENIBHOM 3P PekTUBHO-
CTH MCHOJb30BaHUsI aMMHUAYHON CEJIUTPBI, KAJIIbLIUEBOM CETUTPHI (HUTpaTa KaJbLIKs)
¥ KOMOMHAIIUY KaJbIIUEBOU CEUTPHI M XJIOPHIa aMMOHHUS 175l (pepTUrany TomaTa
B COBOKYITHOCTH C HEKOPHEBBIMH ITOJIKOPMKaMH KOMIUIEKCHBIMHM BOJIOPACTBOPUMBIMU
yIOOpEHUSMH, COJCPIKAIMMH MaKpO- U MHKPOAJIEMEHTHI, B OTKPBHITOM TPYHTE Ha OpO-
Ia€MOM CBETJIO-KAIITAHOBOM IOYBE CyXOCTEITHOM 30HBI KAaIITAaHOBBIX II0YB Bomro-
rpajcKoif obmacTu.

Martepuanbl n meToAabl

B 2016—2017 r. nHa cBetno-kamtanoBoi nouse B Y HIIL] «I opnHas [onsaa» Bo-
rOrpajickoro rocyapCTBEHHOTO arpapHOro YHUBEPCUTETA ObLITU MPOBEICHBI MOJIEBBIE
OTIBITHI 110 U3YYCHUIO (PepTUralliy TOMATa B OTKPHITOM IPYHTE B COUCTAHHH C JIUCTO-
BbIMU nojikopMKamMu NPK 1 MukposieMeHTamu, BKIIOUAOIIME BAPUAHTBI, PUBECH-
HbIE B Ta01. 1.

Cxema mocagku u3o0pakeHa Ha puc. 1. KoamnyecTBO BBICAKEHHBIX PACTCHHMA
Ha 1 ra coctaBmiio 28 000 miT.
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Tabnvua 1
BapuaHTbl noneBoro onbitTa No udy4yeHuio apdpekrupHocTn pepruraumm
N HEKOPHEeBbIX NOAKOPMOK TOMaTa B OTKpbITOM rpyHTe YHIL, «F'opHas MNonaHa»

Ne BapwnaHTbl N0NeBOro onbita

1 depTuUraums aMMmmadyHom CENNTPONn

2 depTuraums aMMmmadHom CeENNTPON

+ nuctoBast nogkopmka NPK 18 : 18 : 18 + mmkpoanemeHTbl B daldy akTneHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctoBas nogkopmka NPK 10:5:40 + MukpoanemMeHThl B $dasy LiBeTeHns — nnogoobpa3oBaHms
(0,6% pactBop, 300 n/ra)

3 cDepTI/IFaLI,VIFl HUATPATOM KaJibL A

4 depTuraums HUTPATOM KasbLms

+ nnctosas nogkopmka NPK 18:18:18+ mukpoanemeHTsl B dasy aktnsHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctoBas nogkopmka NPK 10:5:40 + MukpoanemMeHTbl B a3y LIBETEHMS-M104006pa3oBaHns
(0,6% pactBop, 300 n/ra)

5 depTurauns HATpPaTOM Kanbuns A0 Gasbl uBeTeHns — o6pasoBaHus Naoaos (1—4 dpepTuraummn)
+ depTuraums HUTPATOM KasibLus U XTIOPUAOM Kanusl, HaunHas ¢ ¢asbl LBeTeHMs — 06pa3oBaHUs

nnopos (12,7 kr Cl/ra, 16,9 kr K,0) (5—6 depTuraumm)

6 depTurauns HATpaTOM Kanbuns 0 Gasbl uBeTeHnss — obpasoBaHus Nnoaos (1—4 depturaumn)
+ depTuraums HUTPATOM KasibLMS U XJIOPUOOM Kanus, HaumHas ¢ pasbl LBETEHNS — o6pa3oBaHus
nnonos (12,7 kr Cl/ra, 16,9 kr K,0) (5—6 depTurauunn)

+ nuctoBast nogkopmka NPK 18 : 18 : 18 + mmkpoanemeHTbl B daldy akTneHoro pocta (0,6% pactsop,
300 n/ra)

+ nuctosas nogkopmka NPK 10:5:40 + MukpoanemMeHTbl B a3y LIBETEHMS-M104006pa3oBaHns
(0,6% pactBop, 300 n/ra)

17
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Puc. 1. lMpuHuunuansHas cxema CUCTEMbI KarnesbHOro OPoLLEHUS
B MNoneBoM onbiTe ¢ Tomatom B YHIL, «opHas MNonsHa»
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Jlns oMBa TOMaTa UCIOJIb30BajIach CHEMaIbHO CMOHTUPOBaHHAs CUCTEMa Ka-
neabHOro opomeHus. [1onuBbI TPOBOMMIIN [UTS TTOJIEPKAHUS TIPEATIOIMBHOTO TTOpOTra
BJIQXKHOCTH IIOYBBI B aKTUBHOM cJioe Ha ypoBHe 80% HB. BnaxxHocTs mouBel onpe-
JEJSITA TEPMOCTATHO-BECOBBIM METOJIOM, a TAK)Ke KOHTPOJIMPOBAJIH ITPHU MOMOIIH TEH-
3uomeTpos [11].

Hccnenyemslit copt TomaTa [TofapouHblii BeICaKMBAIM 1OCIIE TPeIIIeCTBEHHUKA
caiop KpacHiIbHBIH, KOTOPBIM OTHOCHTCS K CEMEHCTBY CIIOKHOLIBETHBIE, TI0 XapaKTepy
UCTIOJIb30BaHMS — K TPYIIIE MACINYHBIX TEXHUYECKHUX KYJIBTYP.

[Tocne y6opku cadiopa KpacUIbHOTO B aBI'yCT€ MPOBOIUIIH JYIIEHHE CTEPHU
C TIOCTIEAYIONIECH BCTIAIIKOW YH3EIIbHO-OTBAJIBHBIME pabounMu opranamu PaH4yo Ha riy-
ouny peixienus 0,38...0,40 M ¢ o6oporom miacta Ha rayouny 0,20...0,22 m.

BecHoli nocieoBaTebHO IPOBOJMIN TOKPOBHOE OOPOHOBAHHE, KYJIbTHBALIUIO
10 Mepe OTPACTAHUS COPHSAKOB U MPEINOCEBHYIO KyJIbTUBAIIMIO MIEPE]] BHICAIKON pac-
cajibl C JIOKAJIbHBIM BHECEHHEM KOMIUIEKCHOTO MUHEpAJILHOrO yno0peHus azodocka
16.16.16 mo3oii 200 kr/ra, 1,4 Kr/nensHKy.

I'padux npoBenenus pepruranuii Tomata [lo1apodHbIii B OJIEBOM OIBITE:

1) Beicagka paccaanl — 19 mas;

2) nepsas depruranus — | HroHS;

3) Bropas depruranus — 9 UIOHS;

4) nucroBas MOAKOPMKA B (Da3y akTUBHOTO pocTa ToMata — 13 uroHS;

5) TpeThs pepruranus — 14 uroHs;;

6) uetBepras dpepruramus — 20 uroHS;

7) nucToBas MOAKOPMKA B a3y IBETEHUS-TUIOA000pa30oBaHmst —27 UIOHS,

8) msaras dpepruranys — 28 UIOHS;

9) mecras gpepruranus — 4 UOs.

Pe3ynbTaTbl NCCNepoBaHnn

Bricamka paccasibl B OTKPBITBIN TPYHT POBOMIACH BO BTOPOM Jiekaie Masi. B Te-
YeHUE HeJIeTH paccajia MpHKUBaiack. [[poBoAMINCH KaK AOMOCAI0YHBIN, TaK U TOCTIe-
TIOCAIOYHBIA TMOJIMBBI, HEOOIBIIMMHU MTOTMBHBIMUA HOpMamu §0...100 m>/ra. Benenctue
XOPOIIIETO Pa3BUTHS PaCTCHUH yke depe3 12...16 mHei Obl1o 0TMEUeHO 00pa3oBaHue
[[BETOYHBIX KUCTEH MO HEKOTOPHIM BapHaHTaM, a (pa3a BETEHHsI BO BTOPOU JeKaje
WIOHS 3a()MKCUPOBaHA HAa BCEX BapHUaHTaX.

Takum oOpa3oM, EpPHOJ OT TMOCAJKH JO I[BETCHHS [0 BapUaHTaM COCTABHJI
36...37 nueii. [lepuoa ot BETEHUS 10 TUIOI000pa30BAHUS POIOIIKATICA OT 7 10 8 JHEH.
Bypas cnenocth mi1o10B oTMeueHa yepe3 64...65 naeit. [lepros ot momoodpa3oBanus
JIO TIOJTHOM CTETIOCTH COCTaBMII 1O copTam oT 42 1o 44 nHeit. KonudecTBo mpoBeIeHHBIX
cOOpOB — MATh.

Hata nociennero coopa — 5 ceHTsa0ps. [locnme 3aBeprieHus BereTaimOHHBIX
TMIOJIMBOB PACTEHUS TOMATOB U B KOHIIE BTOPOM JE€KaIbl CEHTSOPS OCTaBaJIMCh B XOPOIIIEM
COCTOSIHMH, aKTUBHO IIBEJIM, TUIOJOHOCWIA U (POPMUPOBATIN 3HAYUTEIBbHBIN ypoxkKail
TUTO/IOB: 3€JICHBIX, OYPBIX M KpacHbIX. [IpOA0IDKUTEIPHOCTh BETETAIIMOHHOTO TIeproia
M3y4aeMbIX COPTOB TOMAaTa, TAKUM 00pa3oM, MOKET OBITh YCJIOBHO MPHHATA B CPEIHEM
paBHo# 110 gasIM.

JlarHbIe 00 3THX MMOKAa3aTeNsIX MPUBEICHBI B Ta0I. 2.
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Tabnmua 2
AaTtbl HacTynneHusa peHonornyeckux ¢pas pasesuTua Tomarta
OcHoBHble peHonornyeckme ¢asbl Tomarta
BapuanT onbita Buicagka | O6pasosa- Hauano Mnopoo6pa- Hauano Maccosoe
paccagbl | HMe 6yTOHOB | LBETEHUs 30BaHne CcOo3peBaHus | co3peBaHne
1. AMMnayHas 19 mas 19 nioHsa 26 vtoHsa 4 nions 23 nionsa 15 aBrycra
cenntpa
3. Hutpar kanbums 19 mas 18 nions 25 nions 3 nions 23 vions 16 aBrycra
5 Hwutpat kanbuus 19 mas 19 nionHs 25 nioHsa 2 nions 22 viions 15 aBrycra
+ xnopua, kanus
Tabnvuya 3

BnusHue nporpamm ¢pepTuraumm 1 HEKOPHEBbIX NOAKOPMOK
Ha 9P PeKTUBHOCTb NUCNOJIb30OBaAHUA BOAbI pacCTeHAMU copTa Tomarta NMogapoyHbiii
(cpepHee 32 2016—2017rr.)

BapwuaHT | ATmocdep- | Opocu- | Mcnonb3osaH- > O6was Koadpduune | ddpdekTnBHOCTL
onbiTa | Hble 0OCaAKW | TenbHas | Hasi pacTeHu- YPOXaNHOCT | HT BOAOMO- | MCMNOMb30BaHNSA
HopMa MK Bnara b MnoaooB, | Tpebnenus, | BoAbl, Kr/ra/Mm
13 MOYBbI T/ra m/T
Ms/ra

1 276 5906 68,5 86,2 115,9

2 264 5894 69,2 85,2 117,4

3 213 5843 71,6 81,6 122,5

4 1430 4200 227 5857 72,8 80,5 124,3

5 245 5875 89,4 65,7 152,2

6 251 5881 103,6 56,8 176,2

3a BpeMmsi BereTaluu MpoBeIeHbl 2 PYyYHBIE TPOIIONIKU U 6 MEXKITYPS/IHBIX KYJIbTH-
Bauui. [y 3a1MTHI pacTeHU TOMaTa OT BPEAHBIX MATOI€HOB OCYIIECTBIISIIN XUMHU-
YyecKkre 00paboTKu (GYHTHUIHIAMU MPOTHUB OOJIE3HEH W MHCEKTUIMIaMU MPOTHUB BPEIH-
TEJIEH.

Jnst noaiep kaHus MPEANOIMBHOM BIAaXXHOCTH B PaC4eTHOM ciioe moussl 0,5 M
Ha ypoBHe 80% HB B TedeHue BeretanioHHOTO MepUoja Ha MOCaAKaxX ToMara ObLIO
nposeaeHo 34 moiusa obmiei opocurensHoi Hopmoii 4200 m*/ra (Tabun. 3). Ilpuxon
BJIATHM OT OCAJKOB COCTABWJI 3a Beretanuio 143 mm wiu 1430 m’/ra. Ucnonp3oBanue
3aIacoB MOYBEHHON BJIAIU PACTEHUSMHU TOMATa paBHsIoCh 213...276 m*/ra.

AHanmM3 CTPYKTYpBI ypoKasi TOMaTa CBHIIETEILCTBYET O TOM, YTO MHHUMAJILHOE
KOJIMYECTBO TUI0/I0B Ha KycTte (20 mT.) co cpenneit maccot 122 r popmupoBanoch
B IIEPBOM BapuaHTe C¢ (pepTuraiueil aMMUayHo cesuTpoit 0e3 MpoBeAeHHsI HEeKOpHe-
BBIX MOJKOPMOK. MakcumainbHble ke mokasarenu (26 mr. 1 142 T coOTBETCTBEHHO)
OBbUTH TIOJTy4YeHBI B TIOCIIEIHEM BapHUaHTe, e Uil (hepTUralyy NPUMEHSIIOCh COYETaHNE
KaJIbLIMEBOM CEIUTPHI U XJIOPHIA AMMOHUS M OCYIIECTBIISUTUCH HEKOPHEBBIE MOJIKOPMKH
KOMIUIEKCHBIMHU BOJIOPACTBOPUMBIMH YI00PEHUSMHU.

BapuanTs! omnbITa co BTOPOTO IO MATHIN 3aHUMAIIA TPOMEKYTOUYHOE MOJIOKEHHUE,
IJle CpefHee KOJIMYECTBO IUIOJ0B HAa KyCTe COCTaBIsUIO OT 22 1o 24 mrT., a uX Macca
koJiebamach ot 111 mo 133 r. (Tab:x. 4).

CROP PRODUCTION 357



Yamypaues O.I'. u op. Bectauk PYJIH. Cepusi: Arporomust n sxuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 347—361

Tabnmua 4
BnusiHne MnHepanbHOro NUTaHUs Ha CTPYKTypa ypoxxas TomaTta MoaapoyHbiii
(cpenHee 3a 2016—2017rr.)
BapwaHTt | CpegHee konun- | CpegHsisi macca | YpoxanHOCTb YpoxxanHoOCTb OTx0A (MOpaxeHHbIe
onbiTa 4eCTBO NJ0AOB nnoga, r CTaHAAPTHbIX HecTaHOapTHbIX | 6onesHsMK NNoAabI),
Ha KycTe, LWT. nnopos, T/ra nnopos, T/ra %
1 20 122 64,4 4.1 6
2 22 112 65,0 4,2 6
3 23 111 68,0 3,6 5
4 23 113 69,9 2,9 4
5 24 133 84,9 4,5 5
6 26 142 99,4 4,2 4
HCP,, — 14,16.

YpoxanHocTb, T/ra

120,0 103,6
89,4

100,0

71,6 72,8
80.0 68,5 69,2

60,0
40,0
20,0

0,0

1 2 3 4 5 6
BapwaHT onbiTa

Puc. 2. YpoxaiHOCTb TOMaTa no BapmaHTam onbiTa, 1/ra
(cpenHee 3a2016—2017 rr.)

B pesynbrare o01ias yposkaifHOCTb CTaHJAPTHBIX U HECTAHJAPTHBIX IUIO0B TaKXKe
Obl1a HanbOobIel Ha mectoM Bapuante 103,6 T/ra, Ha mATOM BapuaHTe Ha 14,2 T
MEHBIIIE, JaJiee [0 YPOKaiHOCTH CTaHIapTHBIX IUIOZIOB I1IeJT YeTBEPThIi BapHaHT 72,8 T/ra,
a camasi Hu3Kasi yporkaliHOCTh 3a)MKCHpOBaHa Ha MEPBOM BapuaHTe 68,5 1/ra, 4To sSBIs-
nock Ha 35,1 1/ra nim Ha 33,8% MeHbIIIe 0 OTHOILICHUIO K ILIECTOMY BapuaHTy (puc. 2).

BbiBOAbI

[Tony4yeHHbIE pe3ysIbTaThl MOATBEPKAAIOT BBIBOJbI O 3HAYUTEIBHBIX MPEUMYIIIE-
CTBax IPU UCIIOJIL30BAaHUH JUTA (PePTUTAIIMM TOMATa KAJBIIUEBON CEUTPHI MO CPaBHE-
HUIO C aMMHA4YHOM CENTUTPOIl B UCCIIEOBAHUN. DKCIIEPUMEHTHI K TOMY K€ IPOJIEMOH-
CTPUPOBAJIM, YTO BKJIIOYEHHE B TporpamMMmy (pepTUralliyl XJIOPUJIOB, a TaK)KE HEKOpHE-
BBI€ MOIKOPMKH KOMIUIEKCHBIMHU BOJAOPACTBOPHUMBIMH yIOOPEHUSIMH JAIOT e1ie Ooee
ny4mue pe3ynstarhl. [Ipu 3ToM HabmI0gaeTCsl HE TOIBKO POCT YPOXKAMHOCTH TOMATA,
HO U YJy4llIEeHHWE TaKMX KaueCTBEHHBIX MOKa3aTesiel, Kak coJiep>KaHhe PacTBOPUMBIX
CYXHUX BEUIECTB U JIEKKOCTh IJIOJIOB.
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Pe3y.HI)TaTI)I I/ICCJ'IC,ZIOB&HI/IIZ TAKKE CBUACTCIILCTBYIOT O TOM, YTO M3YUYCHHBIC CUCTEMbL

IIUTaHUA TOMAaTa, BKIIOYAOIHEC BHECCHUC C (bepTHrauHeﬁ CYIIECTBCHHBIX KOJIMYECTB
KaJdbus 1 HEOOJNBIINX KOJIUYECTB XJIOpa, HE OKa3bIBaJIN Kakoro-inoo OTpHULATCIBLHOTO
BJIMSIHHA Ha COACPKAHUC coJjel 1 cocTaB 0OMEHHEIX KATHOHOB B CBETJIO-KAIITAHOBOM
IIOYBC.
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Abstract. The article presents the results of studies (2014—2016) concerning the assessment
of the use of growth regulators (Energia-M, Vigor Forte, Atonik Plus) in combination with irrigation
in the field experiment during potato cultivation (Udacha variety). The study was conducted in the Ilek
district of the Orenburg region, Krasnokholmskaya Agro-firm. The soil was residual meadow southern
chernozem. According to the effectiveness of impact on potato yield in southern chernozem of the Orenburg
region, the factors were as follows: irrigation provided yield increase from 40% (without fertilizers)
to 65...66% (NPK + Regulators); mineral fertilizers provided yield increase from 41% (without irrigation)
to 59% (with irrigation); growth regulators on optimal variants provided yield increase: Vigor Forte / Atonik
(tubers + plants) — 12...13% for bogharic agriculture; 16...19% with irrigation to the corresponding
mineral ground. The maximum yield of potatoes under irrigation was obtained on variants with 2-fold
application of Atonic and Vigor Forte growth regulators (tubers + plants) — 44.2...44.5 t/ha, an increase
to the mineral fertilizing (NP ,0K 40) — 17.9...18.6%. The optimum soil moisture was 70...75% FC
in the irrigated area. This increased the payback of 1 kg NPK due to an increase in yield from 19.6 kg
(mineral fertilizing, bogharic agriculture) to 55.6...67.2 kg of tubers (combination of NPK, irrigation and
regulators). Water consumption decreased from 212 m*/t (mineral fertilizing) to 140...145 m’/t (combination
of mineral fertilizers and plant growth regulators).
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HayyHaa ctaTtbs

NMpuMmeHeHne perynaTopos pocTa
M opoLwleHus Ha KapTodene
B permoHax ¢ HeyCTOM4YMNBbIM YBJIA)XKHEHUEM

C.B. Kesopa

OBI'HY Bceepoccuiickuil HayYHO-UCCAEA0BATEIbCKUNA HHCTUTYT
kapTodenpHoro Xo3stcTea uM. A.I'. Jlopxa,
Mockosckas obnacms, Poccutickas @edepayus
zhevora@yandex.ru

AnHoTtanus. IIpuBeneHs! pe3yibTarsl uccnenosanuii 2014—2016 rr. 1o BeIpaliuBaHUIO KapToderist
(copr Yaua) ¢ nmpumeHeHreM peryisTopos pocrta (Dueprus-M, Burop @opre, Atonuk [Tmoc) B couetannu
C OpOILICHUEM B MOJICBOM OIMBITE, KOTOPBIH mpoBoauics B MnekckoM paitone OpeHOyprckoii odmactu
(OO0 «Arpogupma KpacHoxonmmckasi») Ha 4epHO3eMe F0)KHOM, OCTaTo4YHO-IIyroBaroM. I1o addexruBrocTn
JICUCTBHS Ha YPOXKAaHHOCTh KapTo(desis B YCIOBHSX YepHO3eMa F0xHOr0 OpeHOYpPreKoi 00J1acTi u3ydacMble
(baxTOpHI PACHOIOKHIHNCH CIENYIONIMM 00pa3oM: opoieHne — npudaBku ot 40% (6e3 ynoOpeHwuit)
1o 65...66% (NPK + Perynsropsl); muHepanbHbie ynoopenus — ot 41% (6e3 opourenus) no 59%
(c opolieHHEM); peryJIsSTOPbl POCTa Ha ONTUMAJIbHBIX BapuaHTax: Burop ®opre / AToHUK (KIyOHH +
pacrenmst) — 12...13% na Gorape; 16...19% npu OpoOIIEHHN OTHOCHTEIHFHO COOTBETCTBYIOIINX MHUHEPAITb-
HbIX (hOHOB. MakcuMaibHast ypOXKaiHHOCTE KapTodelisi B YCIOBHUAX OpPOIICHUS MOJTyYeHa HA BapHaHTaxX
¢ 2-KpaTHBIM NIPUMEHEHUEM PEryJiaTOpoB pocta ATOHUK U Burop ®opre (knyOHu + pacteHus) —
44.2...44,5 1/ra, npudaBka k MuaepanbHOMY (GOHY (N4 P1,0K;q0) — 17,9...18,6%. OnTumanbHas BIaXKHOCTh
nouBsl 70...75% ot HB Ha opomaemom yuacTke yBenuurBaia okynaemocts 1 kr 1. B. NPK npubaskoii
ypoxas ¢ 19,6 xr (MuHepanbHbIid GoH, Oorapa) n0 55,6...67,2 kr kinyOHeit (coueranue NPK, monusos
u perynaTopoB). Pacxos Bojsl Ha oOpasoBaHue IpUOABKK ypoxkas cHuxkaica ¢ 212 M/T (MuHepaIbHbIH
don) mo 140...145 M’/ Ha BapHaHTaX COYETAHMS MUHEPATHHBIX YI00pEHHIi ¢ PUMEHEHUEM PETYJISTOPOB
pocTa pacTeHui.

KuarwueBbie ciioBa: KapTO(i)e.HI), OpPOILICHHUEC, PETYIATOPBI pOCTa

Hcropus crarbu:
[Moctynuna B penakimio 4 mapra 2019 r. [Ipunsra x myOnukarmum 28 oktsiopst 2019 r.

Jasi nuTupoBanus:

JKeeopa C.B. IlpuMeHeHHE PETYJIATOPOB POCTA M OPOIICHHS Ha KapTodese B perHoHax ¢ HEYCTOM-
YMBBIM yBJIakHeHHEM // BectHrk Poccuiickoro yHuBepcuTeTa npy»kOsl Hapoaos. Cepust: ATpOHOMHUS
n xnBOoTHOBOACTBO. 2019. T. 14. Ne 4. C. 362—373. doi: 10.22363/2312-797X-2019-14-4-362-373

Introduction

Potential soil fertility, hydrothermal conditions, and biological features of the cul-
tivated crop are the leading factors determining productivity of agrocenosis [1—4].

Potato cultivation on an industrial scale in regions with a deficit of rainfall is bene-
ficial only under irrigation conditions, since potatoes produce a stable crop with sufficient
moisture [2, 5, 6]. The damage from drought is enormous: 1972 and 2010 served as
a vivid example, in the first case, shortage of potato production in the USSR amounted
to 9 million tons, and in 2010 9 million tons were not received only in Russia [3].
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Irrigation requires increased plant fertilizing, since with a sufficient amount
of nutrients in the soil, the effect of irrigation is enhanced and water consumption for
formation of a production unit is reduced [5, 6].

In potato practice, growth regulators are of scientific and practical interest as tools
for hormonal effects on physiological processes of plants, especially in order to increase
reproduction rate and yield of the seed fraction of valuable varieties and high reproduc-
tions of seed potatoes [7].

Application of growth regulators combined with irrigation should be considered
as indispensable elements of potato cultivation technology in the Central region
of Russia [3, 6].

The goal of the research was to increase potato yields and yield of tuber seed
fraction, depending on irrigation and synthetic phytohormone analogues.

Materials and methods

The field experiment on growing potatoes using growth regulators (Energia-M,
Vigor Forte, Atonik Plus) in combination with irrigation was conducted in 2014—2016
in the Ilek district of the Orenburg region (Krasnokholmskaya Agrofirm). The experi-
mental scheme is given in Table 1.

The following growth regulators were used in the experiment: Energia-M, (crystal-
line powder, a.i. — 855 g/kg of orthocresoxyacetic acid triethanolammonium salt +
95 g/kg of 1-chloromethylsilatran): pre-treatment of tubers — 4 g/t/10 1 of water; foliar
treatment — 20 g ha/300 1 of water; Vigor Forte, (crystalline powder, a.i. — 100 g/kg
of orthocresoxy acetic acid triethanolammonium salt + macro- (N, P, K, Mg) and micro-
elements (Fe, Mn, Zn, Cu, B, Mo)): pre-treatment of tubers — 15 g/t/10 1 of water; foliar
treatment — 50 g/ha/300 1 of water; Atonik Plus, (water soluble concentrate, a.i. —
9 g/l sodium para-nitrophenolate (p-NP) + 6 g/l sodium ortho-nitrophenolate (0-NP) +
3 g/l sodium 5-nitrogwaycolate (5-NG): concentration for treating tubers and foliar
treatments — 30 ml/t/10 1 of water and 900 ml/ha/300 | of water, respectively.

Potato variety — Udacha (early). Planting pattern — 75 % 30 c¢m, plant density —
44,000 plants/ha. The total area of the plot is 60 m?, accounting — 40.5 m?. The ex-
periment had three replications. Location of plots was randomized within the re replica-
tions. Pre-planting treatment of tubers with growth regulators was carried out 2 days
before planting with a Kwazar hand sprayer at the rate of 10 1 of operating solution
per 1 ton of seed tubers. Foliar spraying of plants with growth regulators was carried
out with a Kwazar sprayer in the morning or evening during budding — beginning
of flowering of potatoes. The irrigation and non-irrigation unit of the experiment was
located nearby on the same field. To maintain moisture content of the active soil layer
in the irrigated area not lower than 75...80% FC, 6 to 9 irrigations were carried out
with DM-100 Fregat sprinkler machine with 2700...3600 m*/ha irrigation rate. Different
amounts of irrigation were carried out over the years: in 2014: 3 irrigations in June,
3 in July, 3 in August; in 2015 and 2016: 2 irrigations in June, 3 in July, 1 in August,
irrigation rate was 400...460 m*/ha.

The predecessor plant was Bromus inermis. Fertilizing was full dose (NP 20K 0)-
Planting date was I decade of May, and harvesting was at the end of August.
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The soil of the experimental plot — southern chernozem, residual meadow, weakly
humus, medium thick, medium loamy with a humus content of 3.2% in the arable layer,
it was characterized by a low level of nitrogen mobile forms (6.35 mg/100 g of soil)
and phosphorus (8.63...9.96 mg/100 g of soil), and medium level of exchangeable
potassium (22 mg/100 g of soil).

The accounts and observations in the experiments were carried out in full accord-
ance with GOST (Russian State Standard) and standard methods. The significance
of differences between the means was calculated by the method of two-way analysis
of variance at a 5% significance level (Dospekhov B.A., 1985) and AgCStat program —
add-ons for Excel (authors Gonchar-Zaikin P.P., Chertov V.G., 2012).

Results and discussion

The experimental data obtained confirmed the importance of irrigation as an effec-
tive factor in increasing and stabilizing potato yields (Table 1). Potato productivity without
irrigation was in the range from 23.9 t/ha (mineral fertilizing) to 26.8...27.1 t/ha
in variants with growth regulator treatment.

Table 1
Average potato yields in 2014—2016
Rainfed Irrigated
BapuaHThbl Increase Increase
“er']d’ Yield, t/ha
t/ha t/ha % t/ha %
1. No fertilization 16.9 — — 23.6 — —
2. N P.Ke 23.9 — — 375 — —
3' N100P120K100
+ Energia tubers 257 1.8 7.5 41.0 3.5 9.3
4' N100P120K100
+ Energia tubers 26.3 24 10.0 43.7 6.2 16.5
+ plants
5' N100P120K100
+Vigor Forte tubers 26.6 2.7 11.3 42.2 4.7 12.5
6' N100P120K100
+ Vigor Forte tubers 271 3.2 13.4 44.5 7.0 18.6
+ plants
7' N100P120K100
+ Atonic tubers 26.2 2.3 9.6 42.3 4.8 12.8
8' N100P120K100
+ Atonic tubers 26.8 2.9 12.1 44.2 6.7 17.9
+ plants

LSD,, 1.5; precision 1.7%,; irrigation 65.5%; fertilization 27.4%

Over the years of research, in the block of experiment variants on dry land, effi-
ciency of mineral fertilizers amounted to 41.4%, growth regulator Energia M —
7.5...10.0%, Vigor Forte — 11.3...13.4%, Atonik Plus — 9.6...12.1%. The maximum
potato yield was obtained in variants with double use of growth regulators (tubers +
plants) — 26.8...27.1 t/ha.

On average, over the research years, potato yields from irrigation increased
1.6...1.7 fold and amounted to 37.5...44.5 t/ha.
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In the block of experiment variants with irrigation, efficiency of mineral fertilizers
increased to 58.9%, Energia M regulator — 9.3...16.5%, Vigor Forte — 12.5...18.6%,
Atonik Plus — 12.8...17, 9%, i.e. when optimizing soil moisture, the effectiveness
of mineral fertilizers and growth regulators increased.

The highest potato yield under irrigation conditions was obtained in variants
with 2-fold application of Atonik and Vigor Forte growth regulators (tubers + plants) —
44.2...44.5 t/ha, increase in mineral background — 17.9...18.6%.

Depending on climatic conditions of the year, the level of yield and increase varied.
Yield increases from the effect of mineral fertilizers on the dry land were as follows:
34.0% (2014) — 38.4% (2015) — 52.1% (2016); under irrigation: 62.3% (2014) —
63.8% (2015) — 50.8% (2016). The largest increase from mineral fertilizers was noted
in 2014 and 2015, which indicated a high irrigation efficiency in dry years.

According to the increase in potato productivity in the conditions of southern
chernozem of the Orenburg region, the studied factors were located as follows:

— irrigation — increases from 40% (without fertilizers), 57% (mineral fertilizers)
and up to 65...66% (NPK + PGR);

— mineral fertilizers — 41% (without irrigation) and 59% (under irrigation);

— growth regulators: Vigor Forte / Atonik (tubers + plants) — 12...13% on dry
land; 16...19% under irrigation and mineral fertilizing.

Combination of the optimal humidity regime and growth regulators under NPK
fertilizing contributed to an increase in the number of tubers in terms of 1 bush and
1 hectare (Fig. 1).

Tuber yield, thousand tubers per ha

350

Dry land " rrigated land

300
250
200
150
100

fert|||zat|on NiooP120K100 NiooP120K100  NiaoP 120K100 LTS NiooP 1205100 NiooP120K100  NiooP120K100

+ Energia +Energ|a L +V|gorForte +Vigor Forte  + Atonic + Atonic

tubers tubers tubers tubers tubers tubers

+ plants + plants + plants

Fig. 1. Yield of seed fraction depending on growth regulators,
processing methods and irrigation (average for 2014—2016)
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On average, over the research years, the greatest yield of seed fraction was observed
in the irrigation plot variants with 2-fold use of the following regulators: Vigor Forte
(tubers + plants) — 310 thousand tubers/ha, Atonik (tubers + plants) — 313 thousand
tubers/ha, which was 16.1 and 17.2% higher than NPK fertilizing (variant without growth
regulators) — 267 thousand tubers/ha.

An analysis of the data on starch yield from 1 ha in conditions of the Southern
Urals showed that when irrigation and growth regulators were used with application
of mineral fertilizers during potato cultivation, high starch yield was achieved —
up to 52.8...59.0 c/ha, despite its lower concentration in tubers.

The decrease in starch content in tubers in variants under irrigation (by 0.2...0.6%)
was due to a more substantial increase in yield and marketability, i.e. due to an increase
in the dimensional characteristics of tubers, however, size and quality of the commercial
fraction of potatoes were in a balanced ratio, which led to a significant increase in starch
per unit area.

Stable and optimal soil moisture 70...75% FC in the irrigated area increased the
payback of 1 kg a.i. NPK by yield increase from 19.6 kg (mineral fertilizing, dry land)
to 55.6...67.2 kg of tubers (combination of NPK, irrigation and PGR).

Water consumption for formation of yield increase decreased from 212 m’/t
(mineral fertilizing) to 140...145 m*/t in the variants for combining mineral fertilizers
and plant growth regulators (Table 2).

Table 2
NPK payback by yield increase (average for 2014—2016)
NPK NPK NPK
NPK . NPK ] NPK .
Indicators N100P 120K 100 | + Energia * Energia + Vigor Forte * Vigor Forte + Atonic * Atonic
(NPK) tubers tubers tubers tubers tubers tubers
+ plants + plants + plants
Dry land
Increase, t/ha 6.3 8.0 9.0 8.4 8.9 8.2 9.0
Payback, kg/kg 19.6 25.0 28.1 26.3 27.8 25.6 28.1
Irrigation
Increase, t/ha 14.2 17.8 21.4 18.6 20.8 18.5 21.5
Payback, kg/kg 44.4 55.6 66.9 58.1 65.0 57.8 67.2
Wat i
a.erconsumpslon 212 169 141 162 145 163 140
forincrease, m /t

Conclusions

Experimental data convincingly show that in unstable moistening regions of Russia,
it is necessary to switch to growing potatoes under irrigation. The economic benefits
of using all chemicals are doubled and even tripled if the applied agrochemicals get
into evenly moistened soil and plants that are not stressed by moisture deficiency.

Achieving high yields — at the level 41.0...44.5 t/ha and marketability of 88...90%
in the irrigated area resulted from:

1) planting early plastic potato variety (Udacha);

2) use of balanced dose of mineral fertilizers and complex growth regulators for
tuber treatment and foliar spraying.
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The calculation of economic efficiency according to the research results showed
that the use of biologically active agents for seed treatment and combination of this
agricultural method with foliar spraying with growth regulators both on irrigation and
on dry land were economically effective.

The use of growth regulators Vigor Forte (tubers + foliar treatment) and Atonik
(tubers + foliar treatment) under N,,,P,,,K,, fertilizers in combination with irrigation
was significantly more effective than using only fertilizers on a dry land: value
of the conditional income increased 4-fold, cost recovery — by 6%, and production
cost decreased by 30%.

The use of irrigation and plant growth regulators under balanced mineral fertili-
zation are indispensable elements of potato cultivation technology, resulting in high
yields, increased number of tubers of seed fraction and increased starch content per
unit area.

BBepeHune

[NoTeHnumanbHOE TIOAOPOINE TOYBBI, THAPOTEPMUYECKUE YCIOBHS U OHOIOTHYE-
CKHE OCOOEHHOCTH BO3JICNIBIBAEMON KYJIBTYPHI SIBISIIOTCS BEAYLIIMMH (haKTOpaMH, OIIpe-
JIEJISIFOLUMHU [TPOIYKTUBHOCTD arpoiieHosa [ 1—4].

BosnenbiBanue kapToderns B IPOMBIIUICHHBIX MacIiTadax B PETHOHAX C JIEPHIIU-
TOM OCAJIKOB SIBJISIETCS] BBITOJJHBIM TOJIBKO B YCJIOBHUSX OPOIIEHUS, IIOCKOJIbKY KapTo-
¢enp maeT cTabUIbHBIN yposkall IPU yCIOBUHM AOCTATOYHOTO YBIaXKHEHUs [2, 5, 6].
VYiiep6 oT 3acyXxu KOJIOCCAJIbHBIN: SPKUM NpuMepoM nociayxuiau 1972 u 2010 rr.,
B IIEPBOM cilydae Heqo0op ob6bema mpousBonactsa kaprodens no CCCP cocraBun
9 muH 1, 2 B 2010 . 9 MutH T HEmoOpans! ToIBKO 110 Poccum [3].

B cBsi3u ¢ mpoBeieHHEM OpPOLICHHUS BO3PACTAIOT TPEOOBAHUS K TEXHOJIOTHH BO3-
JIeNbIBaHus, 0COOCHHO K MUTAaHUIO PACTEHHI, TaK KaK IMPH JOCTaTOYHOM KOJIUYECTBE
IUTATEJIbHBIX BELIECTB B [I0YBE YCUIUBACTCS JEHCTBHE OPOIIECHUS U YMEHbIIACTCS
pacxoj Bojibl Ha 00pa30BaHKE eIMHHIIBI TPOAYKLIUH |5, 6].

B mpaxtuke kaprogeneBoacTBa HAy4HO-IIPAKTUYECKUN MHTEPEC MPECTaBIISIOT
PEryIsTOpHl POCTa KaK MHCTPYMEHTHI TOPMOHAJILHOTO BO3ACHCTBUSA Ha (PU3HUOIIOTH-
YECKHE MPOLECCHl pacTeHUsl, 0COOCHHO B IIEJISIX MOBBIIEHHU KO3(QPHUIMEHTa pa3MHO-
YKCHUSI ¥ BBIXOZIa CEMEHHOW (hpaKIMU [IEHHBIX COPTOB M BBICOKHX PETIPOIYKIHIA CEMEH-
Horo kaprodens [7].

[IpumeHeHue peryssiTopoB pocTa B COYETAHUM C OPOLLIEHUEM J0JDKHBI pacCMaTpH-
BaThCsl KaK HE3aMEHUMBIC JIEMEHTHI TEXHOJIOTHH BO3JENbIBaHUS KapTodens B LleHT-
pasibHOM pernoHe Poccun [3, 6].

Lean uccienoBaHuii: TIOBBITICHUE YPOXKAHHOCTH KapTo(els U BBIXOAa CEMCHHON
¢dpakimu KIyOHEH B 3aBUCHUMOCTH OT NPUMEHEHHUs MOJUBOB U CUHTETHUECKHUX aHaJIo-
TOB ()UTOTOPMOHOB.

Martepuanbl n meToAabl

B 2014—2016 rr. B Nnekckom paitone OpenOypreckoit oomactu (OOO «Arpo-
¢dupma KpacHoxosnMmckas») NPOBOJMICS HOJIEBOH OMBIT O BhIPAIIMBAHUIO KapToders
C MPUMEHEHUEM perysiTopoB pocta (DHeprus-M, Burop dopre, Atonuk Ilntoc) B co-
YyeTaHuu ¢ opomeHrueM. CxeMa omnbITa npuBejieHa B Ta0. 1.
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B onbiTe npuMeHsy clienyrouie peryiasitopsl pocra: Iuepeus-M, KPIL, n.B. —
855 r/Kr OpTOKPE30KCUYKCYCHOW KUCIOTHI TPHUITAHOJIAMMOHHMEBAsA COb + 95 T/Kr
l-xopMeTHiIcuIaTpaH: npeanocanoynas oopadorka kinyoHeir — 4 r/ 1/10 1 BoJsI;
HekopHeBas 00padbotka — 20 r/ra/300 1 Boabl; Bueop @opme, KPII, n.B. — 100 r/kr
OPTOKPE30KCUYKCYCHON KHCIIOTHI TPUATaHOIaMMOHHEBast colib + Makpo- (N, P, K, Mg)
u mukposniemenTsl (Fe, Mn, Zn, Cu, B, Mo): npeanocanounas o6pabotka Ki1yoHen —
15 r/1/10 1 Boawl; HekopHeBas oOpadoTka — 50 1/1a/300 11 Boawl, Amonux [lioc,
BPK, n.B. — 9 1/1 Hatpus napa-uurpodenoinsta (p-NP) + 6 r/n Hatpus opTo-HUTpO-
¢denomnsta (0-NP) + 3 r/n Harpust S-uurporsasikonsta (5-NG): KOHUEHTpaiwys Uit oopa-
00TKH KITyOHEH 1 HeKOopHEBBIX 00padoTok — 30 Mur/1/10 11 Boer 1 900 mur/ra/300 1 BOIIBL.

Coprt kaprodenss — Ynaya (panamii). Cxema mocanku — 75 X 30 cM, rycToTta
crostams pactenuii 44 000 mr. /ra. O6mas riomans aeassHkr 60 M, yuetHas — 40,5 M2,
[ToBTOpHOCTH TpexkpaTHas. PacmonoxeHue AeNIHOK pEHJOMH3UPOBAHHOE BHYTPH
nosropenuit. [Ipenmnocanounyro 00paboTKy KIyOHEW peryasTopaMu pocTa MPOBOIMIN
3a 2 IHA 10 MOCAJKH PYYHBIM omnpsickuBateneM Kwazar u3 pacuera 10 i paboyero
pactBopa Ha 1 T ceMeHHBIX KiTyOHel. HekopHeBoe ONpBICKUBAHUE PACTEHUI PETYIISTO-
pamu pocTa IpOBOAMIIMN OIpbICKUBaTerleM Kwazar B yrpeHHee WM BeuepHee Bpemsi
CYTOK B Tiepuof] OyTOHHM3aIMy — Havayo nBeteHus: kaprodens. [lonuBHoOI 1 He moMB-
HOM OJIOK OTIbITa pacloarajiuch psIoM Ha OHOM mosie. [y nojauepskaHust BIaXKHOCTH
AKTHBHOTO CJIOSI IOYBBI HA OpolaeMoM ydactke He Hike 75...80% HB 3a roasr nccie-
JIOBaHUI MPOBOAWIIH OT 6 710 9 ONMBOB A0 AeBabHOM MammmHON JIM — 100 «®perar
¢ opocuTenbHOM HOpMoii 2700...3600 m’/ra. ITo rogam GbUIO MPOBEAEHO PA3IUYHOE
KoJinuecTBO NoyinBoB: B 2014 r. 3 nonuBa — B UIOHE, 3 — B UI0JIe, 3 — B aBryCTe;
B 2015 u 2016 rr. — 2 nmonuBa B HUIOHE, 3 — B HI0JIe, | — B aBrycTe, MOJIUBHAS
nopma — 400...460 m*/ra.

[IpeamecTBeHHUK — KocTper 6e30cThiii. DOHOM MUTAHUS CIYXKHJIA TOJTHAS 1032
MuHepasbHbIX yaoopeHuid (N, P1,0K,q,). Cpox mocaakum — I nexama mas. YO6opka —
KOHEI[ aBrycTa.

[TouBa OMBITHOTO yYacTKa — YEPHO3EM FOKHBIH, OCTATOYHO-TYTOBaTHIH, ciabo-
I'yMYyCHUPOBaHHBIN, CPEAHEMOIIHBIN, CPETHECYTIIMHUCTBIN C CO/Iep)KaHUEM T'yMyca B I1a-
XO0THOM cioe 3,2%, XapakTepu30BaJICs HU3KON 00ECIeUeHHOCTHIO MOJABMKHBIMHU
dbopmamu azora (6,35 mr/100 r nmoussl) u dpocdopa (8,63...9,96 mMr/100 T mOUIBEI)
u cpeaneit (22 mr/100 T mouBbl) — 0OMEHHBIM KaJIUEM.

VYyersl 1 HaAOMIOACHUS B ONBITAX OCYIIECTBIISUIM B TIOJIHOM COOTBETCTBUU
¢ 'OCTamu u crangapTHBIMUA MeTOJIaMH. J{OCTOBEPHOCTH Pa3INuuii MKy CPEIHUMH
BBIYHCIIST METOJIOM JIBYX(DaKTOPHOTO JMCTIEPCHOHHOTO aHajm3a npu 5% ypoBHE 3Ha-
yumoctH ([JocexoB B.A., 1985) u nporpammsr AgCStat — nancrpoiiku k Excel (aB-
topsl 'onuap-3aiikun I1.I1., Yepros B.I'., 2012).

PeaynbTaTtbl M 00CyXaeHue

DKCrepuMEHTaIbHBIC JaHHbIE, TIOTYYEHHBIE B OMBITE, MOATBEPAWIN 3HAYEHHE OPO-
HIEHUsI KaK MOIIHOTO (haKTOpa MOBBIICHHUS U CTAOMIN3ALUH YPOKAHHOCTH KapTodens
(Tabin. 1). YpoxaitHoCcTh KapTodens Ha ydyacTke 0e3 MpOBeIeHHs MOJIMBOB HAXOIUIIACh
B uHTEpBase ot 23,9 T/ra (MuHepanbHbIi GoH) 10 26,8...27,1 T/ra Ha BapuaHTax C pery-
JSITOPaMH POCTA.
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Tabnmua 1
YpoxanHocTb kapTodens B cpegHem 3a 2014—2016 rr.
Ha 6orape Ha nonueax
BapuaHThbl Ypoxaii- Mpubaskun Ypoxaii- Mpubaskun
HOCTb, T/ra T/ra % HOCTb, T/ra T/ra %
1. bes ynobpeHui 16,9 — — 23,6 — —
2. PoH N, PooKio 23,9 — — 37,5 — —
3. oH + Jneprun 25,7 1,8 7,5 41,0 35 9,3
KNyOHN
4. ®oH + SHeprun 26,3 2.4 10,0 43,7 6,2 16,5
KNy6HM + pacTteHus
5. ®on +Burop dopte | 55 ¢ 27 11,3 42,2 4,7 12,5
KNy6HU
6. ®ou +Burop dopte | o7 4 3,2 13,4 44,5 7.0 18,6
KNIyOHU + pacTeHust
7. ®OoH + ATOHUK KnyOHN 26,2 2,3 9,6 42,3 4.8 12,8
8. Pon + AToHMKKNYOHM | 6 g 2,9 12,1 44,2 6,7 17,9
pacTeHust
HCP05 1,5; TO4HOCTb 1,7%; BAnsiHME NonmBoB 65,5%; yoobpernuii 27,4%.

B 61okxe BapuaHTOB ombITa Ha OOorape 3a rojsl ucciieoBaHui 3P PeKTUBHOCTH
MUHEpaJIbHBIX yJoOpeHuil cocrasuna 41,4%, perymnsaropa pocta DHeprus M —
7,5...10,0%, Burop ®opre — 11,3...13,4%, Atonuk I[lmoc — 9,6...12,1%. Makcu-
MaJlbHasl ypOKaHOCTh KapToessi mojlydeHa B BapHaHTax C JBYKpPaTHBIM MPUMEHE-
HUEM PEryJsITOpoB pocta (KiyOHHU + pactenus) — 26,8...27,1 1/ra.

B cpenneM 3a rosipl Ucciae0BaHUM ypoXKaHHOCTb KapTodesis 0T OpOIIEHUs yBENH-
ymBajach B 1,6...1,7 pa3a u cocraBnsuia 37,5...44,5 1/ra.

B 6noke BapuaHTOB OITbITA € TTOIUBaMH YPPEKTHBHOCTh MHUHEPATIBHBIX YI00pSHUIA
noBbimanacek 10 58,9%, perymstopa Jueprus M — 9.3...16,5%, Burop ®opre —
12,5...18,6%, Atonuk Ilmoc — 12,8...17,9%, T.e. pu ONTUMHU3AIUHA BIAXKHOCTU
104BbI 3(P(PEKTUBHOCTH MUHEPATIBbHBIX YA00pEHHI U PEryIsTOPOB pocTa Bo3pacTaia.

MakcumMalibHasi ypokaitHOCTh KapToders B yCIOBHSAX OpOLICHHS MOJyYeHa Ha Ba-
pUaHTax ¢ 2-KpaTHBIM IIPUMEHEHUEM PEryJsITOpoB pocta AToHUK U Burop ®opre
(kmyOHU + pacteHus) — 44,2...44,5 1/ra, npubaBKa K MHUHEpaJIbHOMY (OHY —
17,9...18,6%.

B 3aBucuMOCTH OT yCIIOBUI T0J1a YPOBEHb YPOXKAHHOCTH M IPHOABKU BapbUPOBAIIH.
[TpubaBku yposkailHOCTH OT AEHCTBUS MUHEpaJbHBIX yA0OpeHHid Ha Gorape pacrosno-
KUITUCH crieyromum oopazom: 34,0% (2014 r.) — 38,4% (2015 r.) — 52,1% (2016 1.);
Ha oporrernu 62,3% (2014 r.) — 63,8% (2015 r.) — 50,8% (2016 1.), T.e. HauboBIICE
yBeJIMYEHHE MPHOaBOK OT MHUHEPAIBHBIX ya00peHuii otMevanocs B 2014 u 2015 rr.,
YTO CBHJIETEIBCTBYET O BHICOKOW A(P(PEKTUBHOCTH OPOIICHUS B 3aCYILIMBEIEC TOBI.

o BenmmunHe nMpubGaBOK ypoxKalHOCTH KapTo(esst B YCIOBHIX YepHO3EMa FOXKHOTO
OpenOyprckoit 061acTi n3yyaeMbie (pakTOpbI pacroIOKUINUCH CIEAYIOIUM 00pa3oM:

— opouteHne — npudasku ot 40% (6e3 ynobpenuit), 57% Ha MuHepaIbHOM (OHE
u 110 65...66% (NPK + PPP);

— MuHepayibHble yaoopenus — 41% (6e3 opomenust) u 59% (¢ oporieHuem);

— PEryJsaTOphl pocTa Ha ONTUMAJIBHBIX BapuaHTax: Burop ®@opre / ATOHMK (KITyOHU
+ pacrenus) — 12...13% na 6orape; 16...19% npu opomeHHH OTHOCUTEIHHO MHHE-
payibHOTO (pOHA.
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BbIxoa cemMsH, ThIC. WT./ra

350

6orapa H nonvBbI
300
250 i
AT
200
150
100
Bes PoH PoH doH doH doH doH DoH
ynobpennin 1 N, 0P oo 7 +OHeprua ! +3Heprus +Burop ' +Burop + ATOHVK + ATOHMK
KNyGHN Kiy6HM dopre dopTe kybHN  KIyGHM Kiy6HM
+ pacTeHus Ky6HN +pacTenust + pacTeHus

Puc. 1. Bbixog cemeHHon ppakumm B 3aBUCUMOCTU OT NPUMEHEHUS PErynsiTopoB poCTa,
cnocobos 06paboTku 1 nonneos (cpeaHee 2014—2016 rr.)

CodyeTanne ONTUMAIBLHOTO PEXXUMA BJIAXKHOCTH U PEryJIITOpoB pocta Ha poHe NPK
CIOCOOCTBOBAJIO YBEJIMUEHUIO KOJIMUYECTBa KIIyOHeH B repecueTe Ha 1 KycT 1 Ha 1 rek-
Tap mocajok (puc. 1).

B cpeanem 3a roasl ncciaeaoBaHUE HauOOJNBIINN BBIXOJ CEMEHHON (pakuuu
HaOI0JaICsl HA BapUaHTaX MOJMBHOTO y4YacTKa NP 2-KpPaTHOM NPUMEHEHHH CIey-
I0IIKX peryisTopoB: Burop ®opre (kiayOonu + pactenusi) — 310 ToIc. mT./ra, ATOHHK
(knyOHu + pacrenusi) — 313 toic. mT./ra, uro Ha 16,1 u 17,2% Beimie pona NPK
(BapuaHT 0e3 peryasaTopoB pocta) — 267 ThIC. IIT./Ta.

AHanu3 NoJIy4eHHBIX JAHHBIX 110 BBIXOLY Kpaxmaina ¢ 1 ra B ycnosusx FOxHoro
VYpana nokasai, 4To IpU UCIOJIb30BAaHUU MOJIMBOB M PETYJISITOPOB POCTa Ha (oHe cOa-
JIAHCUPOBAHHBIX 703 MUHEPAJIbHBIX Y0OPEHUI NPpH BIpAIIMBAaHUU KapTodens 10CTH-
raercsi BBICOKUI cOop kpaxmana — a0 52,8...59,0 w/ra, HecMoTpsi Ha 6osiee HU3KYIO
€ro KOHLEHTPALHIO B KITyOHSX.

CHIKeHHe co/IepKaHus KpaxMalia B KITyOHsIX TI0 BApHAHTaM OIbITa Ha TOJIUBHOM
yuactke (Ha 0,2...0,6%) npoucxoamio 3a cuet Oojiee CyIMIeCTBEHHOTO POCTa ypOsKaii-
HOCTH M €r0 TOBAPHOCTH, T.€. 32 CUET POCTa pa3MEPHBIX XapPaKTEPUCTHK KIyOHEH,
O/THAKO, BEJINYMHA TOBAPHON (Ppakiuu KapTodess U Ka4eCTBO MPOAYKIIMN HaXOAWINCh
B c0ajaHCUPOBAHHOM COOTHOIIEHUH, YTO MIPUBEJIO K CYIIECTBEHHOMY pOCTy cbopa
Kpaxmajla ¢ eIMHHIIbI IJI0IIA M.

CrabuibHasi U ONTUMaNbHAs BIAXKHOCTH o4BHI 70...75% ot HB Ha opomaemom
yudacTke yBenndauBasa okynaemocts 1 kr 11.B. NPK npubaskoit ypoxas ¢ 19,6 kr (MuHe-
panbHbIi hoH, Oorapa) 1o 55,6...67,2 xr kiyOHeit (coueranne NPK, nonusos u PPP).
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Tabnmya 2
Okynaemoctb NPK npu6aekoii ypoxas, cpegHee 3a 2014—2016 rr.
®doH
doH Pou ®ou + Burop doH ®ou
DoH + OHeprua | + Burop + ATOHUK
Mokazatenu + OHeprus PopTe + ATOHVK
N, P.,.K KNyOHU ®dopte KNy6HU
1007120700 | knyGHA | Kny6HU KNy6HM
pacteHus | KnyoHn + + pacTeHus
pacTeHust
Borapa
MNpubaska, 1/ra 6,3 8,0 9,0 8,4 8,9 8,2 9,0
OKynaemocTb, Kr/kr 19,6 25,0 28,1 26,3 27,8 25,6 28,1
MonueHoM y4acTok
Mpnbaeka, T/ra 14,2 17,8 21,4 18,6 20,8 18,5 21,5
OKynaemMocCTb, Kr/Kr 44 .4 55,6 66,9 58,1 65,0 57,8 67,2
P
AR 212 169 141 162 145 163 140
Ha npnbaBky, M /T

Pacxon Bozibl Ha 0Opa3oBaHue MPUOABKHM ypoKast CHIDKaCs ¢ 212 m*/T (MuHEpab-
ublii Gon) no 140...145 M>/T Ha BapuaHTax cOYETaHUS MHHEPAJBHBIX yI00pEHUI
C IPUMEHEHHEM PEryJIATOPOB pOCTa pacTeHuit (Tabdi. 2).

3akniyeHve

DKCnepruMeHTAIbHBIE JaHHBIE YOAUTEIHHO MMOKA3bIBAOT, YTO B pernoHax Poccun
C HEYCTOHYHMBBIM BiIaroodecrneyeHneM HeoOX0IMMO NIEPEeX0IUTh Ha BHIPAIIMBAHNE
Kaprodesns ¢ MPUMEHEHUEM MOJIMBOB. DKOHOMMYECKAsl BBITOJa OT MPUMEHEHUsS! BCEX
CPENICTB XUMU3AIMH Y/IBAUBACTCS M JIaXKe YTPAUBACTCs, €CIIM MPUMEHIEMbIE arpOXH-
MHKaThI MONAJal0T B PABHOMEPHO YBJIAXXHEHHYIO IIOYBY M Ha pacTeHUs, KOTOpbIE
HE UCHBITHIBAIOT CTPeCC OT Ae(UIIUTA BIary.

JlocTrkeHuto BICOKHX ypoxkaeB — 41,0...44,5 1/ra u ToBapHocTH 88...90%
Ha MOJIMBHOM YYacTKe CIIOCOOCTBOBAJIU:

1) mocaaka paHHETo IUIACTHYHOTO copTa KapTodens (c. Y aaya);

2) UCHONB30BaHUE COATAHCUPOBAHHOM IO SJIEMEHTaM MUTAHUS JO3bI MUHEPallb-
HBIX Y100pEeHUI U PEeTYJISITOPOB POCTa KOMILIEKCHOTO JEUCTBUS Ul 00pabOTKH KiTyO-
Hell 1 HEKOPHEBOT'O ONIPBICKUBAHUS OOTBBI.

Pacuer sxoHOMIUECKO 3((HEKTUBHOCTH N0 pe3yIbTaTaM HUCCIIEIOBAaHUH ITOKa3al,
YTO MPUMEHEHHE OMOJIOIMYECKH aKTHUBHBIX MIPENapaToB AJis 00pabOTKH CEMEHHOTO
Marepualia ¥ CoYeTaHue 3TOTO arponpreMa ¢ HeKOPHEBBIM ONPBICKMBAHUEM PETYIISATO-
paMu pocTa Kak Ha OpOLIEHUH, TaK ¥ Ha Oorape ObLI0 SKOHOMHUYECKH OIPaBAAHO.

ITpumenenue perynstopoB pocta Burop ®opre (ki1y6HU + HeKopHeBasi 00paboTKa
pactenwmii) 1 ATOHUK (KJTyOHM + HEKOpHEBast 00paboTKa pacTeHui) Ha (HOHE MOTHOM
7103bI MUHEpaIbHBIX y100penuit N, P ,K,q B couetanuu ¢ monusamu ObLIO CyIIECT-
BEHHO BBITOJIHEE, YeM MPUMEHEHHE OJJHUX MUHEPAJIbHBIX YA00peHHii Ha Oorape: Beu-
YHMHA YCIIOBHOTO JIOXO0/1a TIOBBIIIANACH B 4 pa3a, OKymaeMocCTh 3aTpaT — Ha 6%, U CHHU-
»Kasack ce0ecTOUMOCTh MPOayKIK — Ha 30%.

[TpumeHeHre OpOIICHUS ¥ PETYIIATOPOB POCTa pacTeHUi Ha (hoHe cOaTaHCUPOBaH-
HBIX 7103 MHHEPAIBHBIX yI0OPEHUI — HE3aMEHUMBIE JIEMEHTHI TEXHOJIOTUH BO3/IEIIbI-
BaHMA KapTo(es, MO3BOISAIONINE 0Jy4aTh BBICOKYIO YPOXKaHOCTh, yBEJIMUNBATh
KOJMYECTBO KIyOHel ceMeHHOH (pakuuu U cOOp Kpaxmala ¢ €AUHUIIBI TUIOMIA TH.
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Abstract. Nine genetically diverse sunflower promising lines in their economic trait were crossed
using line by tester mating design in 2018 spring season, to estimate per se performance, combining
ability, heterosis, gene action and heritability for earliness, yield and its attributes traits. The parents involved
four sunflower CMS lines namely L1 (A3), L2 (AS5), L3 (A9) and L4 (A13) (called hereafter “Lines”
(as female parents) and five sunflower genotypes T1 (RF9), T2 (RF10), T3 (RF11), T4 (RF14) and T5 (RF1)
as male parents (called hereafter “Tester”). In 2018 and 2019 summer season, the nine parents along with
their 20 F,s seeds were evaluated at Shandaweel Agricultural Research Station, ARC, Sohag Governorate,
Egypt using a randomized complete blocks design with three replications. Mean squares due to parents (P),
crosses (C), CMS lines (L), RF testers (T), P vs C and L x T were significant for all studied traits. A larger
magnitude of non-additive gene action than additive was revealed by greater ratios (GCA/ SCA) than unity
for all studied traits (except for days to 50% flowering). A5 and A13 of CMS lines and RF11 and RF14
of RF lines proved to be the best general combiners for seed weight plant and one or more of its attributes
traits. Moreover, the best cross combinations A13 x RF11, A13 x RF1 and AS x RF9 performed better than
other developed hybrids in view of seed weight plant” and one or more of its attributes, hence these
F1 hybrids could further be used on commercial exploitation.
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Introduction

Egypt is suffering from drastically deficit of edible oil. Therefore, Egyptian sun-
flower breeders seek to produce commercial sunflower for contributing in filling the gap
between oil demand and supply, due to the fact that it is an excellent source of edible
vegetable oil. Cytoplasmic male sterility plays an important role in developing high
yielding sunflower hybrids, hence it can be widely used instead of open pollinated
varieties. The assessment potential of CMS and RF lines is one of the greatest importance
of sunflower breeders, a good approach for this purpose is the line by tester mating
design. To provide information with regard to general combining ability (GCA) of parental
genotypes, specific combining ability (SCA) of their cross combination and heterotic
studies, either traditional line x tester analysis or GGE biplot analysis for Line x Tester
data [1] can be used. Hladny et al. reported that non-additive gene action played a
major role in inheritance of 100 seed weight than additive effects [2]. Also, in other
reports, for seed weight, seed weight plant™', plant height and head diameter of sunflower,
are more important non-additive gene action than additive ones have been reported by
Skorié et al. [3]. 13 new cytoplasmic male sterile lines and 3 testers were used by
Hladni et al. to develop 39 F1 hybrids, they reported that the parents and their crosses
were significantly different in their mean values for plant height and head diameter [4].
The parent with more plant height was dominant over parent with head diameter while
parent with more head diameter was dominant over parent with average plant height.
The results exhibited significantly high positive general combining ability for plant
height and head diameter in CMS line (NS-G-7) and in tester (RHA-N-49). In the
newly developed hybrids, significantly high positive specific combining ability was
present in NS-G-8x RUS-RF-OL-168 for head diameter and NS-G-1x RHA-N-49 for
plant height. By GCA/SCA ratio in the F1 hybrids which was smaller than unit, it was
confirmed that non-additive gene action played dominant role in the inheritance of both
traits (plant height and head diameter). Memon et al. used cytoplasmic male sterility
to develop 18 F1 hybrids inline by tester fashion, they reported that the degree of domi-
nant genes was greater than unity of genes, hence, the main role of dominant genes was
very important [5]. Therefore, estimated heritability was normally low to moderate
due to dominant variance.

Therefore, the aims of this study were to estimate per se performance, heterosis,
combining ability, gene action and heritability for earliness, yield and its attributes traits.

Materials and methods

Nine genetically diverse sunflower parental genotypes in their economic traits were
mated using line by tester mating design. The parents involved four sunflower CMS
lines which were designed as L1 (A3), L2 (AS), L3 (A9) and L4 (A13) as female parents
(called hereafter “Lines”) and five sunflower RF lines T1 (RF9), T2 (RF10), T3 (RF11),
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T4 (RF14) and T5 (RF1) as male parents (called hereafter “Tester”’). These parental
genotypes were received from Department of Oilseed Crops Department, Field Crops
Research Institute, Agricultural Research Center, Egypt.

In 2018 spring season, each of the four male parents was crossed with the five
female parents to produce sufficient of seeds for 20 F1 crosses at Giza Agricultural
Research Station, ARC, Giza Governorate, Egypt. In 2018 and 2019 summer seasons,
the nine parental genotypes along with their 20 F1s seeds were evaluated at Shandaweel
Agricultural Research Station, ARC, Sohag Governorate, Egypt. The soil texture of
the experimental site was clay, including 8.02% sand, 35.46% silt and 56.52% clay,
with pH of 7.6 and EC of 0.25 mmh/cm.

The experimental design was randomized complete blocks design with three rep-
lications. Each entry was contiguous sown without leaving separators in two ridges
of 5 m length and 60 cm width, with a distance of 30 cm between each two hills. Four
seeds were sown per hill and later thinned out to one plants per hill before the first
irrigation. The other recommended packages of agronomic practices were followed
as recommended by Oil Crops Research Department.

Data for the following traits were recorded on five individual guarded plants chosen
at random from each plot, except for days to 50% flowering where the whole plot was
used. Data included days to 50% flowering, plant height, stem diameter, head diameter,
100-seed weight and seed weight plant™. Seed oil content was determined after
extraction with Soxhelt's apparatus using hexane as an organic solvent according
to A.O.A.C (1990).

Statistical analysis. Analysis of variance was performed for combined data after
confirmed of homogenous of error as cited by Singh and Chaudhary [6]. Combining ability
analysis of line x tester was conducted based on the procedure developed by Kempthorne
[7]. Mid parent heterosis was determined for individual hybrids as the percentage deviation
of F1 means performance from mid parent value. Average degree of dominance (2) was
calculated according to the following equation given below [8]. For analysis of variance,
the data were further subjected to biplot analysis according to the method of [9] and [10].
GGE biplot methodology for combining abilities (GCA and SCA) in a line x tester data
set was used, with the following model as:

Yij - Bj =M& i+ 7L2&;‘2“]2 &,
where Y ;: genotypic value of the cross between ith line and jth tester; B;: average value for
crosses involving jth tester; A;: singular value for PC,; A,: singular values for and PC,; §; and n;:
eigenvectors for PC; associated with ith line; &, and n,: eigenvectors for PC, associated with jth
tester; ¢;: overall residual of the model associated with the combination of line i and tester /.

Symmetrical scaling was carried out for Principal components scores for entries
and testers [9, 10]. The analyses reported in this study were performed with MS-
EXCEL (2007) with spreadsheet formula commands.

Results and Discussion

Genetic variability. It is apparent from the results of Table 1 that mean squares
of genotypes and their components like parents, crosses and parents X crosses were
highly significant (P < 0.01) for all evaluated traits, indicating the presence of wide
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genetic variability in the investigated genetic materials. Again, considerable average
degree of heterosis among created crosses for all studied traits as indicated by highly
significance of parent's interaction with crosses, indicating that mean performance of
crosses was different with difference of parents. Similarly, mean square of crosses and
their populations i.e. lines, tester and line x tester was highly significant for all studied
traits. Since, significance of mean square due to lines and testers (GCA) was observed
for all studied traits, indicating wide genetic variability existed among CMC lines and
restorer lines. Accordingly, highly significant interaction of lines with tester (SCA) was
depicted for all studied traits, hence selection is possible to determinate the most preferred
crosses. In consequence of substantial genetic variability among lines, tester and their
crosses (lines x tester) for all studied traits as shown in Table 1, further biometrical
analysis as combining ability and heterosis was valid. These results are in agreement
with the results of [2, 11—15] who also reported such type of findings.

Table 1

Mean squares of the nine sunflower parents (five RF lines and four CMS lines)
and their 20 F1 crosses for all studied traits (combined data of 2018 and 2019 summer season)

Seed .

sov |or| sbu’ | [P | Sen | Hed | 100seed | woign | Seedo
owering plant

Reps 2 2.63 3.95 0.02 2.47 0.04 0.74 0.10
Entries 28 89.28** | 537.81** 0.64** 22.32** 1.72** | 130.81** | 26.48**
Parents 8 | 151.29** | 510.59** 0.10** 5.18** 1.37** 61.64** 7.28**
Crosses 19 60.79** | 528.29** 0.28** 11.39** 0.48** 37.53** | 20.73**
PvsC 1| 134.44** | 936.58** 11.71** | 367.295** | 27.97** |2456.32** | 289.29**
Lines 4 | 142.93** |1587.56** 0.87** 34.37** 0.65** | 121.66** | 56.09**
Testers 3 | 171.22** | 458.38** 0.27** 7.05** 1.22%* 43.67** | 37.43**
Line x tester | 12 5.80* | 192.67** 0.09** 4.81** 0.24** 7.96** 4,77
Error 56 2.82 7.29 0.01 1.36 0.03 0.83 1.17
& gca 1.60 9.80 0.01 0.19 0.01 0.86 0.47
& sca 0.99 61.80 0.03 1.15 0.07 2.37 1.20
GCA/SCA 1.62 0.16 0.20 0.17 0.11 0.36 0.39

**Significant at 0.01 probability level GCA: general combining ability and SCA: specific combining ability

The highest variance due to specific combining ability was detected in plant
height (61.80), stem diameter (0.03), head diameter (1.14), 100-seed weight (0.07), seed
weight plant™ (2.37) and seed oil content (1.20) as compared to general one. The reverse
was also true in remaining traits, indicating that the non-additive gene action (non-
fixable) prevailed in the inheritance of the above traits. As further confirmed by ratio
of SCA to GCA variances, which was lesser than unit for the previous traits, heterosis/
hybrid vigor can be commercially exploited.

Mean performance. Mean performance of nine parental sunflower genotypes along
with their respective 20 F, crosses for all studied traits is presented in Table 2. Generally,
all cross combinations were earlier by (5.93%) and shorter by (5.09%) than their respec-
tive parents. Conversely, a progressive increase was observed in stem diameter by 32.89%,
head diameter by 23.58%, 100-seed weight by 19.91%, seed weight plant™ by 21.80%
and seed oil content by 10.01%.
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Table 2

Mean performance of the nine sunflower parents (five RF lines and four CMS lines)
and their 20 F1 crosses for all studied traits (combined data of 2018 and 2019 summer season)

Days Plant Stem Head 100-seed Se_ed Seed oil
to 50% . . . . weight
flowering height diameter diameter weight plant” content
A3 x Rf9 39.00 128.63 2.23 17.60 5.54 51.04 38.18
A3 x Rf10 36.67 111.77 1.80 16.50 5.41 45.67 42.83
A3 x Rf11 42.00 143.00 2.37 18.17 5.72 52.10 36.86
A3 x Rf14 45.00 153.50 2.77 21.43 6.40 54.70 37.63
A3 x Rf1 40.33 119.17 2.30 17.23 5.62 48.85 38.44
A5 x Rf9 47.33 134.67 2.30 18.63 6.22 53.61 37.34
A5 x Rf10 41.33 125.90 2.27 17.00 6.21 51.77 42.91
A5 x Rf11 49.67 151.10 2.70 21.00 6.40 55.43 40.27
A5 x Rf14 56.00 153.23 3.30 23.00 5.88 58.09 34.34
A5 x Rf1 46.33 145.71 2.43 18.60 6.50 53.11 36.90
A9 x Rf9 47.00 150.00 2.27 17.20 6.50 51.32 41.37
A9 x Rf10 43.33 126.70 2.47 16.03 5.85 47.48 43.49
A9 x Rf11 48.67 135.93 2.40 20.07 6.55 53.60 41.95
A9 x Rf14 50.33 156.07 2.63 21.47 6.57 57.20 40.81
A9 x Rf1 47.33 139.00 2.30 17.03 6.43 52.11 41.07
A13 x Rf9 44.00 154.54 2.23 19.77 6.35 52.32 37.76
A13 x Rf10 42.00 125.47 2.00 17.63 5.57 46.97 42.68
A13 x Rf11 46.33 135.33 2.50 21.03 6.40 58.52 38.81
A13 x Rf14 49.67 155.00 2.63 18.20 6.56 55.08 36.19
A13 x Rf1 44.67 144.47 2.33 19.17 6.44 54.95 37.87
A3 53.33 131.60 1.60 14.14 4.70 46.33 36.49
A5 58.00 139.69 1.83 17.07 5.66 44.22 34.26
A9 56.00 138.07 1.80 15.33 6.04 45.27 32.20
A13 53.67 130.77 1.63 13.90 5.32 42.57 35.16
Rf9 42.67 148.57 1.50 12.73 4.64 35.19 35.42
Rf10 39.33 147.87 1.33 12.83 4.72 34.29 36.19
Rf11 43.33 169.80 1.53 14.53 4.21 41.57 37.66
Rf14 44.33 160.40 1.87 14.87 5.16 44.33 35.24
Rf1 41.67 152.20 1.47 14.17 3.94 37.11 36.37
Crosses 45.35 139.46 2.41 18.84 6.16 52.70 39.38
Parents 48.83 145.85 1.64 14.43 5.06 41.72 35.33
Average 46.18 141.66 217 17.46 5.78 49.13 38.16
LSD 0.05 2.75 4.42 0.16 1.91 0.30 1.49 1.77
LSD 0.01 3.66 5.88 0.22 2.54 0.40 1.99 2.36

The earliest sunflower genotypes were A3 (53.33 day), Rf10 (39.33 day) and their
F1 cross A3 x Rf10 (36.67 day), A3 x Rf9 (39 day) and A3 x Rf1(40.33 day), indicating
that genes controlling the early flowering have been transferred from the parents to their
F, progeny. Moreover, A13 (130.77 cm) and A3 (131.60 cm) of CMS lines along
with Rf10 (147.87 cm) and Rf9 (148.57 cm) of Restorer lines were the shortest
(dwarfeness) parents and their performance was reflected on their respective crosses
A3 x Rf10 (111.77 cm), A3 x Rf1l (119.17 cm) and A13 x Rf10 (125.47 cm). Again,
it was revealed that alleles controlling dwarfiness have been transmitted from parents
to their offspring.

It is worthy to note that in contrast to days of 50% flowering and plant height,
the highest values of the remaining traits are of the greatest important challenge for
sunflower breeder. Accordingly, the largest stem diameter was detected in AS (1.83 cm)
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and A9 (1.80 cm) of CMS lines and Rf14 (1.87 cm) and Rf11 (1.53 cm) of Restorer
lines and their performance were reflected on their respective crosses A5 x Rf14
(3.30 cm) followed by A3 x Rf14 (2.77 cm) and A5 x Rfl1 (2.70 cm). This may be
attributed to genes with positive effect on stem diameter transferred from parents to their
respective F1 crosses. Similarly, the largest head diameter, again, was achieved by A5
(17.07 cm) and A9 (15.33 cm) of CMS lines and Rf14 (14.87 cm) and Rf11 (14.53 cm)
of restorer lines, which inherited the largest head diameter to their respective crosses
A5 x Rf14 (23.00 cm), A9 x Rf14 (21.47 cm) and A3 x Rf14 (21.43 cm). Moreover,
the genes controlling the heaviest weight of 100-seed inherited form A9 (6.04 g) and
A5 (5.66 g) of CMS lines and Rf14 (5.16 g) and Rf10 (4.72 g) of restorer lines to their
respective crosses A9 x Rf14 (6.57 g), A13 x Rf14 (6.56 g) and A9 x Rf11 (6.55 g).
Consequently, the heaviest weight of seed plant' was detected in A3 (46.33 g) and
A9 (45.27 g) of CMS lines and Rf14 (44.33 g) and Rf11 (41.57 g) of restorer lines,
which characterized by their ability to contribute genes with positive effect on seed
weight plant™ to their respective F1 crosses A13 x Rf11 (58.52 g), A5 x Rf14 (58.09)
and A9 x Rf14 (57.20 g). In addition, the highest proportion of seed oil was observed
in A3 (36.49%) and A13 (35.16%) of CMS lines and Rfl1 (37.66%), Rfl (36.37%)
and Rf10 (36.19%) of restorer lines, as they had genes with positive effect on seed oil
content and their genotypic performance was relatively reflected on some of their
respective crosses A9 x Rf10 (43.49%), A5 x Rf10 (42.91%), A3 x Rf10 (42.83%)
and A13 x Rf10 (42.68%). These finding is in accordance with the findings of [4, 14—
16] that reported to some extent the same kind of results.

GGE biplot analysis for Line x Tester data. The 1 and 2™ principal component
analysis explained most of variation in evaluated traits where 99.42, 99.26, 97.68, 93.87,
98.70, 96.59 and 99.91% of the total variation for days of 50% flowering, plant height,
stem diameter, head diameter, 100-seed weight, seed weight plant™ and seed oil content
of the total variation. Hence, proficiency of GGE biplot for all studied traits was more
precisely expressed in graphical analysis as it had the largest explanation of variation.
The dispersed placement of the lines and testers on the ATC abscissa for all studied
traits as in Fig. (1A1-7G3) showed significant GCA effects [10]. Similarly, the SCA
effects for all studied traits were also found significant, since lines and testers showed
different projections on the ATC ordinate [10].

The best combiners of parental lines for all studied traits are correctly identified
by the parallel lines perpendicular onto the ATC abscissa in graphical analysis. Whereas,
the best combiners of testers for all studied traits are approximated by the smallest
projection of tester marker onto the ATC ordinate (most representative) coupled with
the longest vector of distance between the marker of tester and plot origin (most dis-
criminating). The best mating partners of seed yield and its components can be deter-
mined by polygon when the line and tester falling into the same sector, whereas for
early flowering and maturity and dwarfiness the contrast condition will be fit to identify
the best cross combinations [1].

Days to 50% flowering. A graphical analysis as seen in Fig. 1 (A1) showed that
negative and highly significant GCA as the best combiners of lines was observed in A3
and A13 of CMS lines for earliness in flowering, as they were placed at long distance
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from the biplot origin in the negative direction of ATC abscissa. These findings were
consistent with their respective GCA effects in traditional analysis (with GCA effects
of —4.52** and —0.02 for CMS lines). On the other hand, the best testers combiners
for earliness in flowering (Fig. 1 A2) was observed in RF10 (1.29 Discr. and 1.14 Repr.)
and RF9 (1.97 Discr. and 0.15 Repr.) of RF lines, as they had the longest vector of all
testers and smallest projection on ATC ordinate. This was in parallel with their respective
effects of tester GCA (Table 3) in traditional analysis (with GCA effects of —4.52**
and —1.02* for CMS lines). Accordingly, they are the ones who would be the best can-
didate from the breeder's point of view to develop genotypes with early flowering.

The AS (1.47 Repr.) followed by A9 (1.13 Repr.) and A13 (0.48 Repr.) of CMS
lines as well as RF14 (1.79 Repr.) and RF10 (1.14 Repr.) of RF lines had the highest
SCA, as they had the largest projections onto the ATC ordinate (Fig. 1. Al and A2
as well as Table 4).

The polygon view of a biplot is considered as a powerful visual tool which offers
the best approach for identifying the interaction patterns between lines and testers
(Fig. 1, A3). As shown in Fig. 1 A3, the hybrids taking relatively fewer days to 50%
flowering are desired. Therefore, the lines A3 produced desirable cross combinations
especially with testers RF10, RF9 and RF1, as well as AS which gave the best cross
combinations with Testers RF10 since this was in well agreement with their respective
heterosis of mid parents (Table 5).

Plant height. Negative and highly significant GCA as the best combiners of pa-
rental lines for dwarfiness was observed in A3 (4.51 Discr.) of CMS lines (Fig. 2, B1)
as well as RF10 (2.45 Discr. &0.01 Repr.) and RF1 (4.02 Discr. and 0.92 Repr.) of
RF lines (Fig. 2 B2), as they occupied farthest position on the ATC x-axis. This result
was in well agreement with their respective GCA effects (Table 3) in traditional analysis
(with GCA effects of —8.25** for CMS lines as well as —17.00** and —2.37** for RF lines).

The CMS lines A5 (3.40 Repr.) followed by A13 (2.23 Repr.) as well as the RF
lines RF9 (3.84 Repr.) and RF11 (3.40 Repr.) had the highest SCA, as they had the largest
projections onto the ATC ordinate (Fig. 2, Bl and B2 and Table 4).

As shown in Fig. 2, B3, the hybrids had the desired dwarfiness. Therefore, the CMS
lines A3 produced desirable cross combinations especially with testers RF10 and RF1,
AS with RF10, A9 with RF11, and A13 with RF11. This result was in well agreement
with their respective heterosis of mid parents (Table 5).

Stem diameter. The largest projection onto the ATC abscissa (Fig. 3 C1), in re-
ference to the highest GCA effects, were observed in A5 of CMS lines and RF14
(0.71 Discr. and 0.44 Repr.) of RF lines (Fig. 3 C2), hence these ones were identified
as the best donors for improving stem diameter, which was consistent with their respec-
tive GCA effects (Table 3) in traditional analysis (with GCA effects of 0.19** of CMS
lines and 0.42** of RF lines).

The largest projections onto the ATC ordinate, in reference to SCA, were detected
in A9 (0.54 Repr.), A3 (0.30 Repr.) and A5 (0.24 Repr.) of CMS lines and RF10
(0.62 Repr.) and RF14 (0.44 Repr.) and thus these ones were considered as the best SCA
effects (Fig. 3 C1 and C2 as well as Table 4).

380 T'EHETUKA U CEJIEKLIUAI



Ahmed M.A. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):374—389

Model 1 PC1=9049% PC2-893% Model 1 PC1=9049% { PC2-893% Model 1 PC1=9049% PC2:8.93% #10
113 b u i 113 i
o ‘\
b
o . P '1;3 \‘RFI
y i
i Y // I\ I —
Y "' \
03 37 A!~..__ . \‘
e \
087 w T e \
e
o - ﬂsam
187 d 19 : 3 18
a0 20 a0 P oop  1s 32 22 12 1 o8 18 0 2w 10 PCl oo 1w
Al1-Days to 50% flowering A2-Days to 50% flowering A3-Days to 50% flowering

Fig. 1. Biplot of A1 (average tester coordinate), A2 (ideal tester) and A3 (polygon view)
for days to 50% flowering (combined data of 2018 and 2019 summer season)

Table 3
General combining ability effects of the nine sunflower parents (five RF lines

and four CMS lines) for all studied traits (combined data of 2018 and 2019 summer season)

tc?géi'/o Plant Stem Head 100-seed | Seed we_i19ht Seed oil
flowering height diameter diameter weight plant content
Lines
A3 —4.75** -8.25** -0.12** -0.65* —0.42** —2.22** -4.75**
A5 2.78** 2.66** 0.19** 0.81** 0.09 1.71** 2.78**
A9 1.98** 2.08** 0.00 -0.48 0.22** -0.36 1.98**
A13 -0.02 3.50** -0.07** 0.32 0.11* 0.87** -0.02
LSD 5% 0.87 1.40 0.05 0.60 0.10 0.47 0.87
LSD 1% 1.16 1.86 0.07 0.80 0.13 0.63 1.16
Tester
RF9 -1.02* 2.50** -0.15** -0.54 -0.01 -0.62* -1.02*
RF10 —4.52** -17.00** -0.28** —2.05** -0.40** —4.72** —4.52**
RF11 1.32** 1.88* 0.08** 1.23** 0.11* 2.22** 1.32**
RF14 4.90** 14.99** 0.42** 2.19** 0.20** 3.57** 4.90**
RF1 -0.68 -2.37** -0.07* -0.83* 0.09 -0.44 -0.68
LSD 5% 0.97 1.56 0.06 0.67 0.11 0.53 0.97
LSD 1% 1.29 2.08 0.08 0.90 0.14 0.70 1.29

*, **Significant at 0.05 and 0.01 probability level, respectively.

Table 4
Specific combining ability effects of the nine sunflower parents (five RF lines

and four CMS lines) for all studied traits (combined data of 2018 and 2019 summer season)

tc?ggﬁ/o Plant Stem Head | 100-seed nggﬂt Seed ol
. height diameter diameter weight -1 content
flowering plant
A3 x Rf9 -0.58 -5.08** 0.09 -0.05 -0.20 1.19* 0.12
A3 x Rf10 0.58 -2.45 —-0.22** 0.36 0.07 -0.08 0.45
A3 x Rf11 0.08 9.90** -0.01 -1.25 -0.13 -0.59 -2.01**
A3 x Rf14 -0.50 7.30%* 0.05 1.06 0.47** 0.66 0.98
A3 x Rf1 0.42 -9.67** 0.08 -0.12 -0.21 -1.18* 0.46
A5 x Rf9 0.22 -9.96** -0.15* -0.47 -0.02 -0.17 -0.29
A5 x Rf10 -2.28* 0.78 -0.05 -0.60 0.36** 2.09** 0.97
A5 x Rf11 0.22 7.10** 0.02 0.13 0.05 -1.19* 1.83**
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End of the table 4
Days | pint | Stem | Head | 100-seed | oo Seed oil
to 50% . . . ) weight
flowering height diameter | diameter weight plant_1 content
A5 x Rf14 2.97** | -3.88* 0.28** 1.17 -0.56** 0.11 -1.87**
A5 x Rf1 -1.12 5.96** -0.10 -0.22 0.17 -0.85 -0.64
A9 x Rf9 0.68 5.96** 0.01 -0.62 0.12 -0.40 0.35
A9 x Rf10 0.52 2.16 0.33** -0.28 -0.14 -0.14 —-1.84**
A9 x Rf11 0.02 —7.49** -0.09 0.48 0.06 -0.96 0.13
A9 x Rf14 -1.90 -0.46 -0.20** 0.92 0.00 1.29* 1.21
A9 x Rf1 0.68 -0.17 -0.04 -0.50 -0.04 0.21 0.15
A13 x Rf9 -0.32 9.08** 0.05 1.15 0.09 -0.62 -0.18
A13 xRf10 1.18 -0.49 -0.06 0.52 -0.30** -1.87** 0.43
A13 x Rf11 -0.32 -9.51** 0.08 0.65 0.03 2.73** 0.06
A13 x Rf14 -0.57 -2.95 -0.13* -3.15** 0.10 -2.06** -0.33
A13 x Rf1 0.02 3.88* 0.06 0.84 0.08 1.82** 0.02
LSD 5% 1.94 3.12 0.11 1.35 0.21 1.06 1.25
LSD 1% 2.59 4.16 0.15 1.80 0.28 1.40 1.67
LSD,,, gi-gj line 1.23 1.97 0.07 0.85 0.14 0.67 0.79
LSD,,, gi-gj tester 1.37 2.21 0.08 0.95 0.15 0.75 0.88
LSD,,, sij-skl 2.75 4.42 0.16 1.91 0.30 1.49 1.77
*, **Significant at 0.05 and 0.01 probability level, respectively.
Table 5

Mid parent heterosis of 20 sunflower F1 crosses for all studied traits
(combined data of 2018 and 2019 summer season)

Days Plant Stem Head 100-seed | Seed weight | Seed oil
to 50% height diameter diameter weight plantf1 content

flowering
A3 x Rf9 -18.75** -8.17** 44.09** 30.98** 18.60** 25.21** 6.20**
A3 x Rf10 -20.86** | -20.01** 22.73** 22.34** 14.97** 13.31** | 17.86**
A3 x Rf11 -13.10** -5.11** 51.06** 26.71** 28.37** 18.55** -0.56
A3 x Rf14 —-7.85** 5.14** 59.62** 47.78** 29.86** 20.68** 4.92%*
A3 x Rf1 -15.09** | -16.02** 50.00** 21.76** 30.27** 17.09** 5.51**
A5 x Rf9 -5.96** -6.56** 38.00** 25.06** 20.71** 35.00** 7.19**
A5 x Rf10 -15.07** -12.43** 43.16** 13.71* 19.59** 31.87** 21.83**
A5 x Rf11 -1.97 -2.35 60.40** 32.91** 29.75** 29.21** | 11.98**
A5 x Rf14 9.45** 2.13 78.38** 44.05** 8.69** 31.19** -1.18
A5 x Rf1 -7.02** -0.16 47 .47+ 19.10** 35.53** 30.60** 4.49**
A9 x Rf9 -4.73** 4.66* 37.37** 22.57** 21.76** 27.56** | 22.35**
A9 x Rf10 -9.09** | -11.38** 57.45** 13.85** 8.77** 19.36** | 27.17**
A9 x Rf11 -2.01 -11.69** 44.00** 34.38** 27.85** 23.45** 20.11**
A9 x Rf14 0.33 4.58* 43.64** 42.16** 17.42** 27.67** | 21.02**
A9 x Rf1 -3.07* -4.23* 40.82** 15.48** 29.01** 26.50** | 19.79**
A13 x Rf9 -8.65** 10.65** 42.55** 48.44** 27.55** 34.56** 6.98**
A13 x Rf10 -9.68** —9.94** 34.83** 31.92** 10.99** 22.23** | 19.63**
A13 x Rf11 —4.47* -9.95** 57.89** 47.95** 34.43** 39.09** 6.59**
A13 x Rf14 1.36 6.47** 50.48** 26.54** 25.23** 26.76** 2.81**
A13 x Rf1 -6.29** 2.1 50.54** 36.58** 39.12** 37.91** 5.87**
LSD 5% 2.38 3.82 0.14 1.65 0.26 1.29 1.53
LSD 1% 3.17 5.09 0.19 2.20 0.35 1.72 2.04

*, **Significant at 0.05 and 0.01 probability level, respectively.
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Fig. 3. Biplot of C1 (average tester coordinate), C2 (ideal tester) and C3 (polygon view)
for stem diameter (combined data of 2018 and 2019 summer season)

The best cross combinations can be produced as the polygon view of a biplot
(Fig. 3, C3) pointed out by crossing A5 as good specific combiner with testers RF9, RF1,
RF11 and RF14 as well as A9 with RF10. This is consistent with their respective hete-
rosis relative to mid and better parents (Table 5) in traditional analysis.

Head diameter. Among the parents (Fig. 4, D1), AS of CMS lines and RF11
(1.93 Discr. and 0.69 Repr.) of RF lines (Fig. 4, D2) proved to be good general combi-
ners for producing the largest head diameter, as they occupied position far away from
the origin. Moreover, the remaining lines either RF or CMS depicted the lowest or nega-
tive GCA effects by occupying position in the opposite direction. These findings are
consistent with their respective GCA effects (Table 3) in traditional analysis (0.81**
for CMS lines and 1.23** for RF lines).

Projections of RF and CMS lines onto the ATC ordinate are approximated with their
SCA effects. Accordingly, A13 (4.29 Repr.) and AS (2.07 Repr.) as well as RF14
(5.12 Repr.) and RF9 (1.95 Repr.) were found to be the best SCA effects (Fig. 4, D1 and
D2 as well as Table 4).

Genotypes having the largest diameter of head are desirable ones. Therefore, A13
produced desirable cross combination with tester Rf9, RF1 and RF10. On the other hand,
AS resulted in good cross combination especially with RF11 and RF14 (Fig. 4, D3),
as proven in numerical heterosis of mid parents (Table 5).
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Fig. 4. Biplot of D1 (average tester coordinate), D2 (ideal tester) and D3 (polygon view)
for head diameter (combined data of 2018 and 2019 summer season)

Model 1 PC1-7510% ', PC2:2360% % | | o7 | Wedd1 RCITIN  POISE0% 068 RF14
on } 4 \Rk14 - RF14
! 048
052 L ! e
| 028 4
i 03 ¥ X A RR
i IR
Mot : o Lt I
h e o AT W
v v 4
3 o1 | A3 u . 1
. 1
032 e !
o8 03 .. iz
\~~
048 05 | 052 RN F10
) L\ T AS n
" 09 079 059 039 pe1p 001 021 041 061
0% 07 0% 03 Pl oor oz ot ost 40 08 06 04 PGl o0 02 04 06 N e . .
E1-100-seed weight E2-100-seed weight E3-100-seed weight
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for 100-seed weight (combined data of 2018 and 2019 summer season)

100-seed weight. Based on projection onto the ATC abscissa (Fig. 5, E1), A9
(0.38 Discr.) and A13 (0.17 Discr.) of CMS lines, as they occupied position far away
from the origin, this agreed well with their respective GCA effects in traditional analysis
in Table 3 (with GCA effects of 0.22** and 0.11%*). Similarly, among the tester RF11,
(Table 3) were identified as the best general combiners being highly discriminating (0.63)
and representative (0.03). And also, this was confirmed by their respective GCA effects
in traditional analysis (with GCA effects of 0.11%**).

The largest projection of RF and CMS lines, in reference to the largest SCA effects,
was detected in A5 (0.72 Repr.) and A13 (0.33 Repr.) of CMS lines as well as RF14
(0.72 Repr.) and RF10 (0.61 Repr.) (Fig. 5, E1 and E2 as well as Table 4).

Genotypes having the heaviest weight of 100-seed are desirable ones, therefore,
two well defined groups of best cross combinations (Fig. 5, E3) were identified by
the polygon view. In the first group, AS as vertex CMS line was the best mating partners
with tester RF1, whereas in the second group A9 and A13 as vertex CMS lines generated
superior cross combinations with testers RF1, RF9 and RF11, as proven by numerical
heterosis of mid parents (Table 5).

Seed weight pant™. The accumulative effect of stem and head diameters as well as
100-seed weight was considerable reflected on seed weight plant™. This revealed
by projection of parental lines onto the ATC abscissa (Fig. 6, F1), in reference to GCA

384 I'EHETHUKA U CEJIEKIIHUA



Ahmed M.A. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):374—389

T X t t 4 r g
Model1'PC1=6506% P2ats3n,| § it RFLO Model 1 PCISGS06% PC23LS3% Model 1 PC1=6506 % \PC2:3153 % RF10
134 [ ¥ o VA5 13 ; 13 >
BbHr I
08 08 084 Lo |
i 5 ; g i
{oant H H -
o o g o g i iy RS
4] ; ¢ et |
0 8 (A3 E wis | AST, .
o s |
Y
086 L RFL 07 066 S : RF1
‘.‘: ~~~‘~ :
s UL = ‘\..ni "
\ LD\ 3
166 — 1 AL3 Y 17 166
200 45 104 056 PCle  0s5 0% 146 20 45 10 oPCloo o5 10 15 W A% N HIM M 0% 1k
F1-Seed weight/plant F2-Seed weight/plant F3-Seed weight/plant
ghup!

Fig. 6. Biplot of F1 (average tester coordinate), F2 (ideal tester) and F3 (polygon view)
for seed weight plantf1 (combined data of 2018 and 2019 summer season)

Model1 PCI047% PC94% ey | Model1. P0ATH P9 | RELL, o Model 1 PCI-B047% PQR:1944K  prqq
155 i 4 [ w55 i : 154
sl [ ow Ry —
H : { X A em——
055 L N .
N \ -
4 \ ’
b bt g RF10 REQ, "
-
: . A
o5 | | 04 y o
L | \ . RF14
iRF14 ,—
095 | | . i 1 : . 0% \\ /‘f
145 A ; . PN IS S | 14
1% o1 0 oPCfom 14 1w 22 47 12 o7 Pl o3 0 13 18 1% 0% 0% (pa| 076 124 1 2%
G1-seed oil content G2-Seed ofl content G3-Seed ofl content

Fig. 7. Biplot of G1 (average tester coordinate), G2 (ideal tester) and G3 (polygon view)
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effects, particularly in A5 (1.16 Discr.) and A13 (1.14 Discr.) of CMS lines as well as
RF11 (1.74 Discr. and 1.53 Repr.) of RF lines as ideal testers of CMS (Fig. 6, F2), as
they occupied a position at a longer distance from the place of origin in the positive
direction of ATC abscissa, and this was consistent with their respective GCA effects
in traditional analysis (Table 3) (with GCA effects of 1.71** and 0.87** of CMS lines
and 2.22** of RF lines), thereby, they are behaved as the best combiner for improvement
of seed weight plant™'.

The largest SCA effects as the largest projection (Fig. 6, F2 and Table 4) of RF
and CMS lines pointed out, was detected in A13 (1.77 Repr.) and AS (1.09 Repr.)
of CMS lines as well as Rf11 (1.53 Repr.) and Rf10 (1.32 Repr.) of RF lines.

Genotypes having the heaviest weight of plant seed are desirable. The polygon
divided the biplot into four well defined sectors (Fig. 6, F3). A13 being vertex genotype
interacted positively with the testers RF1 and RF11 whereas A5 was the best mating
partners with testers Rf9, Rf14 and RF10, and this was consistent with their respective
heterosis of mid (Table 5).

Seed oil content. Projection of parental lines onto the ATC abscissa (Fig. 7 G1)
approximates their GCA effects. Therefore, A9 (2.06 Discr.) of CMS lines and RF10
(0.23 Discr. and 0.07 Repr.) as ideal tester of CMS (Fig 7 G2), as they occupied
the position far away from the origin in the positive direction on ATC x-axis hence con-
sidered as good general combiner for improving seed oil content, and this was consistent
with their respective GCA effects (Table 3) in traditional analysis (with GCA effects
of 2.35*%* of CMS lines and 3.59** of RF lines).
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The projection of parental lines on ATC y-axis refers to SCA effects. Accordingly,
A3 (1.24 Repr.) and AS (1.22 Repr.) of CMS lines as well as RF11 (1.62 Repr.) and
Rf14 (1.10 Repr.) had the highest SCA effects, as they had the largest projections onto
ATC ordinate (Fig. 7, G and Table 4).

The polygon (Fig. 7, G3) identified the best mating partners i.e.A9 was identified
as the best specific combiners, hence it showed potential to produce superior and heterotic
cross combination with all testers. And this is consistent with their respective heterosis
relative to mid parents (Table 5).

It could be noticed from Table 6, that the dominance genetic variance (812) ) as a por-
tion of the total genetic variance and relative importance of SCA was larger than the addi-
tive genetic variance (Si ) and relative importance of GCA for all evaluated traits except

days to 50% flowering, also confirmed by greater ratio of (a) than unity for all studied
traits except days to 50% flowering, revealed the greater importance of dominance gene
action. This was further supported by low narrow sense heritability, as seen in Table 6,
for 100-seed weight (8.53%), head diameter (11.42%), plant height (13.34%), stem dia-
meter (15.77%), seed oil content (23.80%) and seed weight plant™ (25.05%) and the
reverse was true in days to 50% flowering (48.59%). Heritability in broad sense along
with expected genetic advance as per cent mean, as shown in Table 6, is considered
as an effective selection tool for improving yield of sunflower than heritability estimates
alone as confirmed by Johnson ef al. [17]. This may be due to additive variance as can
be predicted in the offspring of a selection cross in a systematic fashion. As presented
in Table 6, high values of broad heritability coupled with high (more than 20%) values
of genetic advance (as % of mean) were detected for stem diameter (33.45%), plant
height (24.34%) and head diameter (24.44%), indicating the importance of additive
gene effects in the inheritance of these traits, thus, selection for these traits would be
effective. High heritability coupled with moderate (10...20%) expected genetic advance
as per cent mean were recorded for 100-seed weight (18.48%), seed weight plant™
(14.65%), seed oil content (12.87%) and days to 50% flowering (12.77%), indicated that
these Therefore, it could be concluded that, greater importance of non-additive gene ac-
tion in their expression and indicated very good prospect for the exploitation of non-ad-
ditive genetic variation for most traits through hybrid sunflower breeding.

Table 6
The relative magnitudes of different genetic parameters in F1 crosses
for all studied traits (combined data of 2018 and 2019 summer season)
Day§ Plant Stem Head 100-seed | Seed weight | Seed oil
t0 50% height diameter diameter weight lant™ content
flowering P
Bi 6.42 39.18 0.02 0.77 0.03 3.45 1.86
& 3.97 247.18 0.11 4.60 0.27 9.50 4.80
Sé 10.39 286.36 0.13 5.36 0.30 12.95 6.66
5?, 13.21 293.65 0.14 6.72 0.33 13.78 7.83
H % 78.64 97.52 93.08 79.78 89.70 93.96 85.06
H.% 48.59 13.34 15.77 11.42 8.53 25.05 23.80
(a) 1.11 3.55 3.13 3.46 4.36 2.35 2.27
*GCA % 0.62 0.14 0.17 0.14 0.10 0.27 0.28
**SCA % 0.38 0.86 0.83 0.86 0.90 0.73 0.72
GAM 12.77 24.34 33.45 24.44 18.48 14.65 12.87

*, **Significant at 0.05 and 0.01 probability level, respectively.
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Conclusion
In conclusion, A5 and A13 of CMS lines and RF11 and Rf14 of RF lines proved

to be the best general combiners for seed weight plant™ and one or more of its attributes
traits. These lines would be used to develop hybrid seed on commercial scale. Moreover,
the best cross combinations A13 x RF11, A13 x RF1 and A5 x RF9 performed better
than other developed hybrids in view of seed weight plant ' and one or more of its attri-
butes, hence these F1 hybrids could further be used on commercial exploitation.
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HayyHaa ctaTtbs

GGE biplot aHanus nuHun
C NOMOLLbIO TeCTEepPa Ha YPOXXAaMHOCTb CeMSH
M ee NPU3HaKOB B NOACOJIHEeYHUKe

ML.A. Axmen', Moxamen A. AGaeancarap'*,
ML.A. AtTis', A.A. AGup’

'OTaen uccnenoBanmii MaCIMYHBIX KYJILTYP,
Hay4Ho-uccnenoBaTenbCKuil HHCTUTYT MOJIEBBIX KYJIBTYD,
LeHTp cenbCKOX03AHCTBEHHBIX UCCIEeN0BaHUM, [ u3a, Eeunem

*Oten uccie0BaHtii TEXHOJIOTUN CeMSH, IHCTHTYT TONIEBBIX KyJIbTYD,
IleHTp cenbCKOXO3AUCTBEHHBIX UCCIeN0oBanui, [ usza, Eeunem

*mohamedtemraz1@yahoo.com

AHHOTaumsA. J[eBATh reHETHYECKU PA3HOOOPA3HBIX MEPCICKTUBHBIX JIMHUN MOJCOTHEYHUKA
10 OCHOBHBIM TPH3HAKAM YPOKaiHOCTH OBLTH CKPEIIEHBI C TECTEPOM B BeceHHeM ce30He 2018 T. mist orieHK!
MX MPOSYKTUBHOCTH IO HECKOJIBKUM NpH3HaKaM. Pomurenbekie GopMBI MOACOTHEYHNKA UMETH YETHIPE
tuna [IMC, a umenno L1 (A3), L2 (AS), L3 (A9) u L4 (A13) (nanee umenyemsie «JIuHnmn» (>keHCKHE
JUHKUK)) U TITh reHoTumoB noacoiueunuka T1 (RF9), T2 (RF10), T3 (RF11), T4 (RF14) u T5 (RF1)
B KaueCTBE MY)KCKHX JIMHHUH (fanee nMeHyemble « Tectep»). B nmernem ce3one 2018 u 2019 rr. aeBsTh poan-
Tenbekux (hopM BMecTe ¢ ux cemeHamu 20 F1 Oblin npoaHaan3upoBaHbl M HOMYYHIH OLEHKY Ha CTaHIuH
cerbCKoXo3siicTBeHHbIX uccnenoranuii Shandaweel (ARC, Myxadasza Coxar, Erurner) ¢ ucmosib30BaHHEM
PaHIOMU3UPOBAHHBIX MOJHBIX OJIOKOB C TpeMsl MOBTOPHOCTIMH. CpeHie 3HaueHusl TToKa3aTenei sl poau-
tenbekux Gopm (P), kpoccos (C), munuii (L), Tecrepos (T), P mo cpasuenuto ¢ C u (L x T) Obui 3HaUMMBIMU
JUTSL BCEX M3YUYCHHBIX NMPU3HAKOB. bolbiast BenmMrHa HeaIMTUBHOTO ICHCTBUS TeHa, YeM aIUTHBHOTO,
Obuta BeLsIBIIeHA TIpH Oonbinx cooTHoteHusX (GCA/SCA), ueM Bcex M3y4eHHBIX MPU3HAKOB (32 UCKIIIO-
yenueM nepuozpa 10 50% userenus). A5 u A13 IMC munaun 1 RF11 u RF14 nununit — tectepbl okazanuch
JYYLIAMHA POJUTENHCKIMH (POpPMaMH I10 MOKA3aTeIo0 MacChl CEMSH ¢ OJJHOTO pacTeHus. Kpome Toro, Obum
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BBIABJICHBI JIyumine kpocc-komOuHamu A13 X RF11, A13 X RF1 u AS x RF9, o cpaBHeHMIO C ApyTUMH
HOJTyYHBIITAMHECS THOPHAAMH TI0 MIPHU3HAKY MAcCHI CEMSH C OJHOTO PACTEHHS M OJHOTO MIIH HECKOIBKHX
COMYTCTBYIONIMX MPU3HAKOB. TakuM 00pa3oM, mostyueHHbIe THOpHIBI F1 MOryT B HanbHeieM UCrolb30-
BaThCSl B KOMMEPUECKHX IEIISX.

KiioueBble cjioBa: 1ojconHedHuk, Helianthus annuus L., mTuHUS 10 TecTepy, KOMOUHUpYOLIas
CIOCOOHOCTB, FETEePO3UC, ACHCTBUE I'eHa

Hcropus crarbu:
Ioctynmina B pegakmmro: 12 oktsa6pst 2019 r. [IpunsTta k myonukarmm: 15 Hos6ps 2019 1.
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as a breeding marker in maize varieties
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Abstract. Determination of plant resistance to fungal pathogens is an important breeding component.
Thus, the study of protein profiles from corn kernels (13 genotypes) revealed a constitutively pronounced
14 kDa protein, trypsin inhibitor (TT), which is present at a relatively high level of concentration in seven
Aspergillus flavus — resistant maize lines, but at low concentrations or is absent in six sensitive lines.
The 14 kDa trypsin inhibitor (TI) also showed antifungal activity against other mycotoxicogenic species.
In this regard, the task was to determine the content of TI in varieties of maize with known properties,
resistance, or sensitivity to such fungal pathogens of maize as head smut, common smut, and Fusarium
stalk rot. According to the data obtained, the content of TI varies in different varieties and can vary
by 4 times. However, in disease-resistant varieties its content is increased, which may be the primary marker
of resistance of the variety to fungal pathogens.
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OnpeneneHne KoNn4YecTBa MHMIMOUTOPaA TPUNCUHA Kak
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AHHOTaNUsl. YCTOWYHBOCTh PACTCHHI K MATOTCHHBIM I'PHOAM SIBISETCS BaXKHOW CEJCKIIMOHHOM
COCTaBIISIIOIIEH. MeXaHI3MBl YCTOWUMBOCTH OY€Hb Pa3HOOOpa3HbI X MOTYT BKIIIOYATh B ceOsl B3aUMOJIEH-
cTBUS HEPMEHTOB M HX HHTHOUTOPOB. B CBSI3H € 3THM NMPOBEIECHO CpaBHEHHE CO/ICPKaHHUs HHTHOHTOpa
tpuncuna (UT), kak BO3MOXHOTO MapKepa CEeNEKIHH, B 3peJIbIX 3epHAaX COPTOB KyKypy3bl C M3BECTHOU
YCTOWYHMBOCTBIO K MBUILHOHN TOJIOBHE, My3bIPUaTOi TOJOBHE U CTEONICBOM THIIIH. B KauecTBe M3ydacMbIxX
00BEKTOB B3AThI 6 YCTONYMBBIX U 12 4yBCTBUTENBHBIX COPTOB. J[JIsi rapaHTHPOBAHHOTO W3BIICYCHHUS
13 DKCTPAKTOB MOJIOTHIX 3epeH KyKypy3bl Tonbko UT npuMmeHsuiach KooHOUHAs adGUHHAS XpOMaTo-
rpadus Ha TpPUIICHH-arapo3e B aHAJTUTHYECKOM BapuaHTe. B pe3ynbpraTe BBIACHHIOCH, YTO COAEPKAHUE
WT BapbupyeT BHYTpU 00EHX IPYIII COPTOB KyKypy3bl: B YCTOMUMBOII rpyImiie — MakcUMyM 347 1 MUHU-
MyM 162 MKI/T, B 4yBCTBUTEIBHOM rpymne — MakcuMyM 200 u MuHMMYM 84 MKI/T. COOTHOIIEHUS MaK-
CUMYMOB K MHHUMYMaM (2,3) OIMHAKOBBI B 00€UX rpyIax, HO MAKCUMaJIbHOE U MUHHMAJILHOE COAEp-
JKaHUe TI0YTH B JIBa pa3a BBILIE B IPYIIIE YCTOHUUBBLIX COPTOB KyKypy3bl. B cpeqHeM B yCTOHUMBBIX cOpTax
KyKypy3bl copepkanue T Beiue B 1,7 pasa. IodydeHHble JaHHBIE OATBEPXKIAIOT BO3MOMKHOCTD UCIOIb-
30BaHUs COJIEPIKAILETOCS B KyKYpYy3HBIX 3epHax T B kauecTBe Mapkepa IpH BHIBEICHUN HOBBIX COPTOB
KyKYpY3bl, yCTOHUUBBIX K IIBIIBHON FOJOBHE, Ty3bIPUaTOi TOJIOBHE U CTE0JIEBOM THUIH.

KiroueBblie cjioBa: KyKypy3a, HHTHOUTOpP TPHUIICKHA, TPUIICHH-arapo3a, rpuOKOBEIE MTAaTOT€HBL,
IIBUTBHAS TOJIOBHS, ITy3bIpYaTasi TOJIOBHSI, CTEOIeBbIE THIIIM.
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Introduction

Plants are exposed to a large number of infectious pathogenic fungi. For maize,
common smut, head smut, stem rot, fusarium disease are the most common fungal
pathogens in the Russian Federation. While in countries with a hot and arid climate,
pathogens of the genus Aspergillus are most common, the effects of which are most
fully studied.

Thus, a study of protein profiles from maize grains (13 genotypes) revealed a con-
stitutively expressed 14 kDa protein, a trypsin inhibitor (TI), which was present in rela-
tively high concentrations in seven maize A. flavus resistant lines, but in low concen-
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trations or was absent altogether in six sensitive lines [1]. 14 kDa TI also showed anti-
fungal activity against other mycotoxicogenic species [2].

Although plants do not have an immune system, they use protective mechanisms,
including the synthesis of low molecular weight compounds, proteins and peptides with
antifungal activity. To date, 13 classes of antifungal proteins are known, among them
PR-1 proteins, 1,3-B-glucanases, chitinases, chitin-binding proteins, thaumatin-like pro-
teins, defensins, cyclophilin-like proteins, proteinase inhibitors and other proteins [3].

Proteinase inhibitors are an integral part of protection system against pests and
diseases [4]. It was shown that pathogenic fungi Fusarium and Helminthosporium secrete
enzymes into the environment that break down protein and synthetic substrates. Different
types of fungi are characterized by unequal activity of extracellular proteinases. The high
content of extracellular proteinase inhibitors of the pathogenic fungi Fusarium and Hel-
minthosporium in the seeds of pea, buckwheat, and corn can be one of the important
factors ensuring the resistance of these crops to root rot [5].

Similarly, TI content of 14 kDa in maize seeds was shown to correlate with resis-
tance to 4. flavus disease [3] and, therefore, aflatoxin accumulation.

In addition to trypsin-inhibiting activity, TI from 14 kDa maize was shown to have
alpha-amylase activity, and, when added to the nutrient medium, it suppressed growth
of conidia and growth of phytopathogen hyphae Aspergillus flavus, Asp. paprasiticus,
F. moniliforme, and also showed antifungal activity against other mycotoxicogenic
species [2, 6].

We held experiments to study TI content of 14 kDa in maize samples with known
properties, resistance or sensitivity to fungal pathogens, such as head smut (pathogen —
Sphacelotheca reiliana), common smut (pathogen — Ustilago maydis, U. zeae) and stalk
rot of maize (pathogen — Fusarium moniliforme fungus).

Materials and methods

Object of study. Maize varieties with known properties of resistance (sensitivity)
to fungal pathogens (head smut, common smut and stalk rot) were provided from
Russian Research Institute of Maize in Pyatigorsk. Six varieties resistant to fungal infec-
tions and 12 varieties sensitive to fungal pathogens were investigated.

Sample preparation. The seeds were ground, each maize sample (10 g) was ex-
tracted with 20 ml of a 0.2 M NaCl solution, stirred for 2.5 hours, then filtered, and
approximately 15 ml of extract was obtained. To each sample, 6 g of ammonium sulfate
(60% concentration) was added, left in the refrigerator for 18 hours overnight. Then it
was centrifuged for 10 minutes, the precipitate was dissolved in 5 ml of buffer (20 mM
Tris-HCI, 0.15 M NaCl, pH 6 ,8) and used for application on trypsin agarose or on HPLC.

Trypsin agarose affinity chromatography. An affinity sorbent, trypsin agarose,
was chosen as the isolation method [7]. Trypsin agarose was obtained by immobilizing
TPCK trypsin on BrCN agarose.

To quantify the method, a standard sample of 14 kDI TI, 200 pg in 1 ml of equili-
bration buffer was used.

Samples of 1.2 ml of each extract were applied to a trypsin-agarose column (4 ml)
at a rate of 0.5 ml/min. After washing with equilibration buffer (10 mM Tris-HCl, 0.3 M
NacCl, pH 7.0), an elution with 0.15 M acetic acid was performed.
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HPLC (hydrophobic chromatography). Sample analysis was performed on
an RP-304 (250x4.6) Bio Rad column. The following conditions were used: 3' —
0% CH4CN; 40' — 100% CH,;CN; 50'— 100% CH,CN, 65' — 0% CH,CN.

200 pg of 14 kDI TI was previously used as a standard.

Electrophoresis in page. SDS-PAGE 15% gel electrophoresis was used to ana-

lyze samples.
Results

6 smut-resistant maize varieties and 12 varieties susceptible to smut and stalk rot
were studied. The samples of maize grains with known properties of resistance (sensi-
tivity) to fungal pathogens were provided from Russian Research Institute of Maize
in Pyatigorsk.

Peak areas obtained by trypsin-agarose chromatography were calculated by mathe-
matical methods. The amount of 14 kDa TI was determined on the basis of calibration;
for this, a sample containing 200 ug TI was used (Fig. 1).

A typical chromatography picture of extracts of maize kernels on trypsin agarose
is shown in Fig. 2.

0,05
0,045
0,04
0,035
0,03
0,025
0,02
0,015 -
0,01
0,005
0

—
=]

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1141
1201
1261
1321
1381
1441

1021
1081

Fig. 1. Standard chromatography curve on trypsin-agarose.
In this case, 200 nug of 14 kDa Tl is applied for calibration
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Fig. 2. Typical chromatography curve of maize grains extract
on trypsin-agarose: second peak — Tl elution
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Fig. 3. Typical elution profile
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of maize grain extract on HPLC

Fig. 4. 14 kDa trypsin inhibitor as a standard

in HPLC (200 pg)

According to HPLC, 4 extracts of different maize varieties were studied (Fig. 3, 4).
The following results were obtained:

Ist sample — 4.14% 14 kDa TI (resistant to Sphacelotheca, R);

2nd sample — 0.09% 14 kDa TI (susceptible to Sphacelotheca, S);

3rd sample — 3.40% 14 kDa TI (resistant to Ustilago, R);

4th sample — 3.60% 14 kDa TI (susceptible to Ustilago, S).

Subsequently, an analysis of extracts of different varieties of maize grains was
carried out (R — resistant varieties, S — susceptible) using affinity chromatography
on trypsin agarose (Table 1). An additional 18 samples were examined. A standard
sample containing 200 pg of 14 kDI TI was used for calibration.

Table 1

Results of screening maize varieties by quantity of 14 kDa trypsin inhibitor

Elution peak area Calculated Ti . Resistance to fungal diseases
per 1 g of corn grains

11.3 290 mcg R Ustilago (580/14)
6.85 174 mcg VR Sphacelotheca (4716/11)
8.94 228 mcg R Ustilago (3867/11)

13.59 347 mcg R Ustilago (3941/11)
6.3 162 mcg VR Sphacelotheca (1358/12)

10.9 278 mcg VR Sphacelotheca (4683/11)
3.29 84 mcg S Ustilago, Fusarium (2617/09)
4.53 115 mcg S Fusarium 2597/09
3.59 86 mcg S Sphacelotheca 112/27 2013
6.35 162 mcg S Sphacelotheca (3398/14)
5.83 149 mcg S Fusarium (2613/09)
7.73 197 mcg S Ustilago (2599/09)
7.6 190 mcg S Ustilago (2075/12)
8.09 200 mcg S Ustilago (2613/09)
5.8 140 mcg S Ustilago (1200/13)
5.5 132 mcg S Ustilago (3358/14)
5.7 138 mcg S Ustilago (1506/14)
7.7 190 mcg S Ustilago (605/12)
7.83 200 mcg Tl, standard sample
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Results and discussion

Earlier [1], in the study of maize grain extracts (13 genotypes), the presence of con-
stitutive 14 kDa TI at a relatively high concentration level was shown in seven A. flavus
resistant varieties of maize, but in six susceptible varieties TI was present in low con-
centration or was absent altogether.

The mechanism of action of TI against fungal growth may be partially due to the
inhibition of fungal amylase, which restricts access of 4. flavus to simple sugars [5],
which is necessary not only for the growth of pathogenic fungi, but also for their
production of toxins. TI also demonstrated antifungal activity against other mycotoxi-
genic species [2].

In [6], TI content was studied in different varieties of Indian maize, resistant and
susceptible to A. Parasiticus, the data are shown in Table 2.

Proteomic analysis of wheat germ proteins and endosperm proteins of maize
varieties resistant and susceptible to Aspergillus flavus, separated by two-dimensional
electrophoresis (2 D PAGE), showed that there were 5 more constitutive marker pro-
teins, namely — storage proteins (globulin 1 and globulin 2), proteins of late embryo-
genesis (LEA), proteins associated with drought (LEA3 and LEA14) or osmotic stress
(WSI18 and aldose reductase) and proteins associated with heat stress (HSP16.9).
Aldose reductase activity, measured in resistant and susceptible genotypes before and
after infection, indicates the importance of constitutive levels of this enzyme for re-
sistance [7].

Table 2
Trypsin inhibitor concentration in Indian maize varieties [6]
Variety Trypsin inhibitor concentration in Response
Indian maize varieties to A. parasiticus infections
LM-6 242.2
P(Y)S-8-185-6-B8B 258 .
GY-37-1-328 420 Resistant
CML-142 421-2
CML-176 90
Pob-24-FSRS-C-1 90
Hyd-9745 132 .
- Susceptible
Maduri 134
CML-185 158
CML-430 188
CML-291 266
CML-161 36
African tail 130
CML-150 130
MPQ-13 131
Pob31(ALM) 132 Moderately susceptible
HHH-XB
Local 190.8
Shaktiman-1 211.6
CM-119 302
Panchaganga 356
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Most proteomic studies are related to resistance to genus Aspergillus (flavus and
parasiticus) [8]; our studies of the content of TI in different varieties of maize resistant
(susceptible) to smut and stalk rot showed that the number of TI was increased in resistant
varieties and reduced in susceptible varieties, however, there were intermediate variants,
called in the literature as “moderately susceptible” [6].

Conclusions

Based on the importance of presence of proteinase inhibitors in plants, various
maize varieties were screened for trypsin inhibitor content. Isolation of TI was performed
using an affinity sorbent, trypsin agarose.

Estimating the amount of TI in maize grains can serve as a primary marker of re-
sistance (susceptibility) to fungal pathogens such as smut and stalk rot. The number
of TlIs is increased in resistant varieties and reduced in susceptible varieties, but there
are also intermediate variants — varieties, which are called moderately susceptible
in the literature.

BBepeHune

PacTeHus noasepraroTcs BO31€HCTBHIO OOJIBIION0 KOJINYECTBA MH()EKIIMOHHBIX
naTOreHHBIX rpuboB. /{1 KyKypy3sl HanOosee pacpoCTpaHEHHBIMH TPUOKOBBIMU
NaTOr€HaMHU Ha TeppuTopun PO ABIAIOTCA NBUIBHAS TOJIOBHS, ITy3bIp4aTasi FOJIOBHS,
crebieBble THUIH, (py3apuo3. B To Bpems kak B cTpaHaX C jKapKUM U 3aCyLUIMBBIM KJIH-
MaToM HauboJee paclpoCTpaHEeHbl NATOTeHbl poja Aspergillus, BO31eHCTBHE KOTOPBIX
HauboJIee MOJIHO U3YUCHO.

Tak, nccnenoBanue npodunei 6enka U3 3epeH KyKypysbl (13 reHOTHIIOB) BBIIBUIN
KOHCTUTYTHBHO-BbIpaxKeHHbIN 14 k/la 6enok, nnrudurop tpuncuna (TH), koTopsrii
IPUCYTCTBOBAJ B OTHOCUTENILHO BBICOKMX KOHIIEHTPALMSIX B CEMH yCTOHUMBBIX K 4. fla-
Vus JIMHUSIX KyKypy3bl, HO B HU3KUX KOHLIEHTPAIMAX WM OTCYTCTBOBAJI BOOOIIE B IIIECTH
qyBCTBUTEIBHBIX JTHHUSX [1]. 14 x/la TU Takke mposBIIsiil aHTUTPUOKOBYIO aKTUBHOCTh
IIPOTUB JIPYTUX MUKOTOKCUKOI€HHBIX BUIOB [2].

XoT4 pacTeHus HE UIMEIOT IMMYHHOM CHCTEMBI, OHU UCIIOJIb3YIOT 3allUTHBIE Me-
XaHU3MBI, BKIIFOYAIOIINE CUHTE3 HU3KOMOJIEKYJISIPHBIX COEIMHEHNH, OSIKOB U MENTHIOB,
MMEIOLIMX aHTUIPUOKOBYIO akTUBHOCTh. K HacTosIeMy BpeMeHH M3BECTHO 13 KiaccoB
AHTUTPUOKOBBIX OEJKOB, cpenu HUX MOXKHO oTMeTuTh PR-1 Genku, 1,3-B-rmrokanassl,
XUTHHA3bl, XUTHH-CBS3bIBAIOLINE OSIIKH, TAyMAaTHH MOJ00HbIE OesKu, 1e(eH3UHBI, IUK-
J10(pUINH-110100HbIEe OETIKH, UHTHOUTOPBI IPOTEeNHA3 U JApyrue 6enku [3].

WMHruOuropsl NpoTenHa3 ABISIOTCS COCTABHON YaCThIO CUCTEMBI 3alllUThI OT BpEIH-
Teneit u 6ose3neit [4]. bbuto mokaszaHo, 4to natoreHHbIe TpUOLl Fusarium u Helmin-
thosporium BBIIEISAIOT B OKPYKaIOIIYIO cpeny (hepMeHThI, paclienisionye OeKoBbie
U CHUHTeTHYecKue cyocTpathl. PazHble BUibl TPHOOB XapaKTEpU3YIOTCsS HEOIMHAKOBOM
aKTMBHOCTBIO BHEKJIETOYHBIX NIPOTENHA3. BpIcoKkoe conepxanne NHrHOMTOPOB BHEKIIE-
TOYHBIX NTPOTEUHA3 NATOTE€HHBIX IpubO0B Fusarium nu Helminthosporium B ceMeHax
ropoxa, Ipeduxy U KyKypy3bl MOXKET CIYyXKUTb OJJHUM U3 BaXHBIX (pakTOpoB, obecre-
YMBAIOIIUX YCTONYUBOCTH 3TUX KYJIBTYpP K IOPAKEHUIO KOPHEBBIMU THUIISIMH [S].
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Amnanorn4Ho, 0bUT0 TIOKa3aHo, uTo coaepxkanue UT 14 x/la B cemMeHax KyKypy3bl
KOppEeIUpYyeT C yCTOWYMBOCTBIO COPTOB K 3ab0neBanuio A. flavus [3] 1, COOTBETCTBEHHO,
HaKOIUICHHIO a()JIaTOKCHHA.

NT n3 kykypy3sl 14 x/la, kak ObUIO OKA3aHO, TOMUMO TPUIICHH-UHTHOUPYIOLIeH
aKTHBHOCTH, 00J1aJjaeT akKTUBHOCTBIO anb(a-amuiassl, U, Oyaydd J0OABICHHBIM B ITH-
TaTeJIbHYIO Cpeay, OH MOAABJISAI IPOPACTAHUE KOHUAUN U pocT Tu( GpUTONaToreHoB
Aspergillus flavus, Asp. paprasiticus, F. moniliforme, a Taxxe TPOSBIISUT aHTUTPUOKO-
BYI0 aKTUBHOCTB IIPOTUB JIPYTUX MUKOTOKCHUKOTE€HHBIX BUJIOB [2, 6].

Hamu Oblia mpennpunsaTa SKCIIepUMEHTalIbHAsE paboTa Mo MCCIEeA0BAHUIO COIEp-
xaHus UT 14 k/la B oOpa3iiax KyKypy3bl ¢ 3aBe/IOMO U3BECTHBIMHM CBOWCTBAMH, YCTOM-
YUBOCTH WJIM 4yBCTBUTEIBHOCTH K TPUOKOBBIM MTaTOr€HaM, TAKUM KaK TbUTbHAS TOJIOBHS
(Bo3Oymutenb — Sphacelotheca reiliana), my3bsipyaras royioBHs (B030yAnUTENb 00JIE3HH —
Ustilago maydis, U. zeae) n cTebieBble THWIHM KYKYpy3bl (BO30ymuTens — rpud Fusarium
moniliforme).

Martepuanbl n meToabl

O0bekT uccaenopanusi. Copra KyKypy3bl ¢ U3BECTHBIMU CBOMCTBAMU YCTONYH-
BOCTH (4yBCTBUTEILHOCTH) K TPUOKOBBIM MAaTOreHaMm (IbUIbHAS TOJIOBHS, IMy3bIpuaTast
TOJIOBHS, cTeOseBble THIIN) ObLTH ipeocTaBieHbl n3 BHUM kykypy3si 1. [TaTuropcek.
bbutn uccnenoBansl 6 COPTOB, YCTOMUMBBIX K IPUOKOBBIM MHGEKIMAM U 12 copToB,
YyBCTBHUTEIBHBIX K TPHOKOBBIM TATOTCHAM.

IToaroroBka odpasuoB. CemeHa pazMasbIBaIM, KaX bl 0Opasel Kykypy3bl (10 r)
skctparupoBaimu 20 mu 0,2 M pactBopa NaCl, nepememmBanu 2,5 4, 3aTeM puiabTpo-
BaJIM, OJIy4YaId IpUMepHO 110 15 M skcrpakTa. K kaxkiomy obpasity 100aBiisiiu 1o 6 r
cynsgaTta ammonus (60% HachIIEHNs ), OCTABIISUIM B XOJIOAWIBHUAKE HA HOYb Ha 18 4.
3atem nentpudyruposanu 10 mMuH, ocagok pactBopsiau B 5 miu Oydepa (20 MM
tpuc-HCIL, 0,15 M NaCl, pH 6,8). Vcrions3oBanu a1 HaHECEHHsI HAa TPUIICHH-arapo3y
i Ha BOXX.

Addunnas xpomarorpadusi Ha TPUIICHH-arapo3e. B kayecTBe METO1a BBIEIIE-
HUs ObUT BBIOpaH auHHBIN copOeHT — TpurcuH-araposa [7]. Tpurncun-araposa nomy-
yeHa nmmoOmmm3anueit TPCK-tpuncuna na BrCN-arapose.

Jl1st KONMMYeCTBEHHON OIEHKHM METOJ]a MCIIOJIb30BaIM CTaHAAPTHBIM oOpa3zen
14 xJla TH, 200 mkr B 1 M1 ypaBHOBemHuBaromiero oydepa.

OO6pa3ip! o 1,2 M KaXk10ro SKCTpaKkTa HAHOCHIIM HA KOJIOHKY C TPHUIICHH-ara-
po3oii (4 mut) co ckopocThio 0,5 Mi/mMuH. [Tociie IPOMBIBKH ypaBHOBEIITUBAIOLIUM Oyde-
pom (10 MM tpuc-HCI, 0,3 M NaCl, pH 7,0) npoBonunu smroruto 0,15 M pactBopom
YKCYCHOM KHCJIOTHI.

BI7KX (ruapododHas xpomartorpadus). AHaiu3 o0pa3lioB NPOBOIUIN Ha KO-
nonke RP-304 (250x4,6) Bio Rad. Hcnonb3oBanu cnenytomniue yciosus: 3' — 0%
CH;CN; 40" — 100% CH,CN; 50' — 100% CH,CN, 65' — 0% CH,CN.

200 mxkr 14 x/la TH npenBapuTensHO UCTIOIL30BANIM B KAUE€CTBE CTAHApTa.

duekTpodope3 B [IAAI'. SDS-PAGE snexrpodopes B 15% rene ucnonbzoBaiu
JUIsL aHaJIM3a 00pasIoB.

GENETICS AND PLANT BREEDING 397



Llexeamosa I'.B. u op. Bectank PYJIH. Cepust: Arporomust 1 sxuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 390—402

PesynbTaTthbl

Hccnenosano 6 yCTOMYMBBIX K ITy3bIPYaTOM TOJIOBHE U IBUILHOM I'OJIOBHE U 12 cop-
TOB, HEYCTOMUYMBBIX K ITy3bIPYaTOll TOJIOBHE, MbIJIbHOMN I'OJOBHE U CTEOJIEBBIM THUJISM.
JlaHHbIe 00pa3iibl 3epeH KyKypy3bl C 3aBE10MO M3BECTHBIMU CBOMCTBAMH YCTOMYMBOCTH
(4yBCTBUTENBHOCTH) K TAKUM T'PUOKOBBIM IaTOreHaM ObLIN npeaocTasiensl n3 BHUN

KyKypy3bl I. [IaTuropck.

[Tnomaau MuKoOB, MOJYYSHHBIX B Pe3ysbTaTe XpoMaTorpaduu Ha TPUIICHH-ara-
po3e, pacCUMTBIBAIIUCH MaTeMaTHnyeckumu metogamu. Kommuecrso 14 x/la TH onpe-
JEJSUTH Ha OCHOBAaHMM KaJIMOPOBKH, AJISL 3TOTO HCIIOJIB30BAIM 00pasel, conepKaluii

200 mkr THU (puc. 1).
Tunuyanast KapTHHA XpoMaTorpaduu SKCTPAKTOB 3€PEeH KyKypy3bl Ha TPUIICHH-ara-
po3e MpuBeeHa Ha puc. 2.

0,05
0,045 -
0,04 +
0,035
0,03 +
0,025
0,02 +
0,015
0,01 +
0,005
0

-
=]

121
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241
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361
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541
601
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721
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961
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1141
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1321
1381
1441

Puc. 1. CtaHpapTHas kpmBas xpomMatorpadum ¢ TPUNCHMH-arapo3sbl.
B naHHOM cnyyae HaHeceHo 200 mkr 14 ka TU pns kanmbpoBku
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Puc. 2. TunnyHas kpynBasi xpomatorpadum akCcTpakTa 3epeH KyKypy3bl
Ha TPUNCUH-arapo3se: BTOPon Nk — anoumnsa T
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Puc. 3. TunuyHelii npodunb anounm

¥

9KCTpaKTa 3epeH KyKypy3bl Ha BOXX

Puc. 4. 14 xJa TUN B kauecTBe cTaHaapTa

npu BA>XX (200 mkr)

Metonom BOXX Obutn uccienoBanbl 4 SKCTpaKTa pa3HbIX COPTOB KYKYpY3bl

(puc. 3, 4). bbu osTy4eHsI CIeIyIOINe Pe3yIbTaThl:

1-it obpazer; — 4,14% 14 x/la TU (ycToituuB K MbUILHOU TOJIOBHE, R);

2-ii o6pazery — 0,09% 14 xJla TU (uyBCTBUTENEH K MBUIBHOM T'OJIOBHE, S);

3-i1 obpazerr — 3,40% 14 x/la TU (ycToifumB K mmy3sIpuaToii rojIoBHE, R);

4-ii o6pazer; — 3,60% 14 xJla TU (ayBCTBUTENEH K My3bIPUaTOii TOJIOBHE, S).

B nanbreiimem ObUT MPOBEICH aHATHM3 SKCTPAKTOB 3€PEH PA3HBIX COPTOB KYKYpPY3bl
(R — ycroitunBbIe copTa, S — YYBCTBUTEIIBHBIC) C UCIIONB30BaHUEM adPUHHON Xpoma-
Torpaduu Ha TpuricuH-arapose (tabdmn. 1). beuto nccnenosano eme 18 o6pasuos. st ka-
JHOPOBKH MCIIOJIBL30BAIM CTaHAAPTHBIN oOpaserr, conepsxkammii 200 mxr 14 k/la TH.

Tabnvua 1

Pe3ynbTaTbl CKPUHUHIa COPTOB KYKYPY3bl Mo konuvecTey 14 kla TU

Mnowanp N1ka anoLumm

PaccuntaHHoe konnyectso TU
Ha 11 3epeH Kykypy3bl

YCTOMYMBOCTL K FPUBGKOBLIM
3aboneBaHusAM

11,3 290 mkr R ny3ron (580/14)
6,85 174 mxr VR nbinibH ron (4716/11)
8,94 228 mkr Rnysron (3867/11)
13,59 347 mkr Rnysron (3941/11)
6,3 162 mkr VR nbiibH ron (1358/12)
10,9 278 mkr VR nbinbH ron (4683/11)
3,29 84 mkr S ny3 rosn, ctebn ru (2617,/09)
4,53 115 mkr S ctebn rH 2597/09
3,59 86 MKr S nbuibH ron MN2/27 2013 r
6,35 162 mkr S nbuibH ron (3398/14)
5,83 149 mkr S ctebn rtmnm (2613/09)
7,73 197 mkr S ny3 ron (2599/09)
7,6 190 mkr S ny3ron (2075/12)
8,09 200 mkr S ny3ron (2613/09)
5,8 140 mkr S ny3ron (1200/13)
5,5 132 mkr S ny3ron (3358/14)
57 138 mkr S ny3ron (1506/14)
7,7 190 mkr S ny3ron (605/12)
7,83 200 mkr TW, cTanpapTHbIN 06paseL,
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OOGcyxaeHue pe3ynbTaToB

Panee [1], nmpu nccrieoBaHNH SKCTPAKTOB 3epeH KyKypy3bl (13 reHoTHIIOB) OBLIO
MOKa3aHO NPUCYTCTBUE KOHCTUTYTUBHOTO 14 x/la TU Ha OTHOCUTEIBLHO BBICOKOM
YPOBHE KOHIICHTPAIMU B CEMH YCTOMYMBHIX K A. flavus copTax KyKypy3bl, HO B ILIECTH
YyBCTBUTEIbHBIX copTax TU mpucyTcTBOBai B HU3KOM KOHLEHTPALMM WIJIK OTCYTCT-
BOBAJ BOBCE.

Mexanusm peiictBust TU npoTus rpuOKoOBOro pocta MOKET OBbITh YACTUUHO 00YyC-
JIOBJIEH MHTUOMPOBaHUEM TPHOKOBOM aMMIIa3bl, MPUBOASAILIMM K OTPaHUUSHHIO TOCTYTIa
A. flavus k ipocTeiM caxapam [5], HEOOXOAUMBIM HE TOJIBKO I POCTa MAaTOTEHHBIX
rpu0OB, HO U JUIsl MPOU3BOJICTBA UMM TOKCHMHOB. TH Tarke mpoJieMOHCTpUpPOBAJ Ipo-
THUBOTPHOKOBYIO aKTUBHOCTB M B OTHOIIICHUU JIPYTHX MUKOTOKCUTE€HHBIX BUIIOB [2].

B [6] uccienoBanocs conepxxanue THU B pa3HbIX cOpTax UHIUNCKON KyKypY3bl,
YCTOHYMBBIX U UyBCTBUTENBHBIX K A. Parasiticus, TaHHbIE IPUBEACHBI B TA0M. 2.

ITporeomHbIit aHamu3 OEIKOB 3apO/IbIIIEH MIIEHUIB! U OEJIKOB SH0CTIEpMa COPTOB
KyKYpY3bl, YCTOWYMBBIX U YyBCTBUTEIBHBIX K Aspergillus flavus, pa3neneHHbIX METOIOM
nBymepHoro aiektpodopesa (2 D PAGE), noka3zain, 4ro uMeercs eme 5 KOHCTUTYH-
TUBHBIX MapKEePHBIX OCIIKOB, @ UMEHHO: 3aracaromniie 0einku (rmo0yavH 1 ¥ rio0ymmuH 2),
6enku nozaHero smopuorenesa (LEA), 6enku, cszannbie ¢ 3acyxoii (LEA3 u LEA14)
i ocMotrdeckuM crpeccoM (WSI18 u anbrozopenykrasa) u Oenku, CBI3aHHBIE C TeTI-
noBeiM cTpeccoM (HSP16.9). Anbno3zopenykrazHasi akTUBHOCTbD, H3MEpsieMas y pe3u-
CTEHTHBIX U BOCIPUUMYHUBBIX T€HOTUIIOB JI0 U MOCJIE 3apakeHUs], CBUIETEIbCTBYET
0 Ba)XHOCTU KOHCTUTYTHBHBIX YPOBHEH 3TOr0 pepMeHTa /i1 ycroituuBoctu [7].

Tabnmya 2
CKPUHUHI COPTOB MHAUMNCKOM KYKYpPY3bl
CTOMYMBBIX M1 HYYBCTBUTENbHbIX K A. parasiticus, Ha cogepxaHune TU [6]
Copt KoHueHTpauus HrMbuTopa TpUncuHa YyBCTBUTENBHOCTb
B MHAMMCKUX COPTax KyKypy3bl K A. parasiticus infections
LM-6 242.2
P(Y)S-8-185-6-B8B 258 VeTOMMBLIE
GY-37-1-328 420
CML-142 421-2
CML-176 90
Pob-24-FSRS-C-1 90
Hyd-9745 132 YyBCTBUTENbHbIE
Maduri 134
CML-185 158
CML-430 188
CML-291 266
CML-161 36
African tail 130
CML-150 130
MPQ-13 131
Pob31(ALM) 132 OTHOCUTENBLHO YCTOWYMBLIE
HHH-XB
Local 190.8
Shaktiman-1 211.6
CM-119 302
Panchaganga 356
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BonabmIMHCTBO MPOTEOMHBIX UCCIIEIOBAHUN CBSI3aHO C U3YYEHUEM YCTOMUYMBOCTH
K pony Aspergillus (flavus n parasiticus) [8]; MIpoBeICHHbIC HAMH HCCIICIOBAHUS COICP-
xaHusg TU B pa3HbIX copTax KyKypy3bl, yCTOHUMBBIX (4yBCTBUTEIbHBIX) K MBUIBHON
TOJIOBHE, ITy3bIPYaTOi T'OJOBHE, CTEOJIEBBIM THUJISIM MOKa3alH, 4To Konuyectso TU
MOBBIIIEHO B YCTOMYMBBIX COPTAaX U NOHMKEHO B UyBCTBUTENIbHBIX, OJTHAKO UMEIOTCS
Y MPOMEKYTOYHBIE BAPUAHTHI, B JIUTEPAType TaKHE COPTa HA3BaHbl KyMEPEHHO YyBCT-
BHUTEILHBEIMID [6].

BbiBOAbI

Hcxonst n3 BaKHOCTH MPUCYTCTBUSI MHTHOUTOPOB MPOTEUHA3 B PACTEHUSIX MPEJI-
NPUHSUT CKPUHHUHT Pa3HbIX COPTOB KYKYpy3bl HA COICPIKAHNE MHIHOMTOpA TPHUIICHHA.
Brinenenne TU npousBoauny ¢ ucnonb3oBanueM adGuHHOrO copOeHTa — TPUTICHH-
arapossl.

Onenka konnuyectBa TU B 3epHaxX KyKypy3bl MOXKET CIYXHUTb IEPBUYHBIM MapKe-
POM YCTOMYMBOCTH (4yBCTBUTEIBHOCTH) K TPHOKOBBIM MATOT€HAM, TAaKUM KaK MbUIbHAS
TOJIOBHSI, Iy3bIpyaTasi rojoBHS U cTebieBble rTHUIU. KonmnuectBo TU moBbimeHo
B YCTOMUMBBIX COPTaX U CHWKEHO B UyBCTBUTEIIBHBIX, OTHAKO UMEIOTCS M [IPOMEKYTOU-
HbIE BApUAHTBI — COPTa, B JIUTEpPAType Ha3bIBaEMbIC YMEPEHHO YYBCTBUTEIHHBIMHU.
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Abstract. The article presents an overview of the biogenic agro-ecological risks in crop production,
to reduce which it is possible to use biotechnological approaches. Ways to reduce the negative impact
of the two most common harmful objects, the colorado potato beetle (Leptinotarsa decemlineata Say)
and phytophthoras (Phytophthora infestans (Mont.) De Bary), which lead to significant losses of potato
yield, are considered. It is shown that the currently used methods of plant cell engineering (somatic hybridiza-
tion and microclonal reproduction) are environmentally sound biotechnological methods of controlling
black eye rot potato. The need to develop genetically engineered methods is associated with an exacer-
bation of biogenic agroecological risks, the reduction of which is an important approach is a proactive
introgressive breeding strategy based on cell engineering and molecular methods.
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AHHOTAIHUSA. HpI/IBeI[CH 0630p OHMOreHHBIX arposKOJIOTNUYECKUX PHUCKOB B paCTCHHUEBOJCTBE,
1A CHIDKCHUSA KOTOPBIX BO3MOXKHO HCIIOJIB30BAHUE OMOTEXHOIOTHIECKUX TIOaXO0ZI0B. PaCCMOTpeHLI IIyTH,
npemiaracMbIC COBpeMCHHOfI 6HOT6XHOHOFHeﬁ, JUIsL CHHDKCHHS HETaTUBHOI'O BJIMAHHA IBYX Haubojee
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PacrpoCTpaHEHHBIX BPEJOHOCHBIX OOBEKTOB: KOJIOpPAACKOTro xyka (Leptinotarsa decemlineata Say)
u purodropsl (Phytophthora infestans (Mont.) de Bary), npuBosiux K 3HaYUTEIbHBIM ITOTEPSM ypOXKast
kaproderns. [IpoBeseH aHaIN3 BO3MOXHBIX TTOTCHIIMATBHBIX PUCKOB, CBSI3aHHBIX C HCIIOIb30BAHMEM TPaHC-
TeHHBIX Oprann3MoB. [1oka3aHo, 4To IpHMEHsEMBbIE B HACTOSIIIEE BPEMsI METOABI KJIETOUHOH HH)KEHEPUH
pacTeHnit (comMaTH4ecKash THOpPUAN3ALHS U MUKPOKIOHAJIBHOE PAa3MHOKEHHUE) SIBIITIOTCSI SKOJIOTHYECKH
OITpaBJAHHBIMH OMOTEXHOJIOTHYECKUMHU crioco0amu 0opbObl ¢ Gurodropo3oM. IToTpedbHOCTE pazpaboTku
TEHHO-HHKEHEPHBIX METOJIOB CBsI3aHa ¢ 000CTPEHHEM OMOTEHHBIX arpOdKOJIOTHIECKIX PUCKOB, IS CHIDKEHHS
KOTOpPBIX 3P (EeKTUBHA CTPATETUs YIPESKAAIONICH HHTPOIPECCUBHOM CENICKIINK, OCHOBAHHOW Ha KJIETOYHO-
MHKEHEPHBIX  MOJIEKYJISIPHBIX METO/aX.
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Potato productivity in the Republic of Belarus and Russia

Against the background of increasing potential risks due to adverse changes
occurring in the biosphere, one of the most important tasks is to obtain high crop yields.
Efficiency of all agricultural production directly depends on productivity of crop produc-
tion. A plant organism that can transform the energy of the sun into the energy of organic
compounds is a fundamental link in production of food, feed, raw materials, fuel, and
medicines. Intensification of crop production in modern conditions should be based
on a reasonable combination of traditional approaches with new technologies.

Potato (Solanum tuberosum L.) is the second most important agricultural crop
in the Republic of Belarus, only in the last five years slightly inferior to rapeseed.
The Brest region steadily ranks second in lands under potato in farms of all categories.
However, according to Belstat (Fig. 1), potato yields in the Brest region are reduced
in comparison with this indicator for the Republic of Belarus and a number of regions.

Problem of productivity in potato industry of the Republic of Belarus and Russia
is aggravated against the background of observed tendency to reduce sown areas. Bet-
ween 1995 and 2015, lands under potatoes in the Republic of Belarus decreased 2.3 fold,
in Russia — 1.6 fold and they continue to decline annually (Table 1). Performance
of potato production level, defined by the national doctrines of food security of the two
countries, is impossible without yield increase. Despite the growth of this indicator
in 2015 compared to 1995 (in the Republic of Belarus — by 48%, in Russia — by 34%),
the average potato yield in two countries is several times lower than the average value
for Western Europe (Table 2). According to statistics of the United Nations Food and
Agriculture Organization (FAO), in Germany and the Netherlands — the largest potato
producers among European countries — reduction of croplands over 20 years was not so
high, and since 2015 there is an inverse trend. The high average potato yield in these coun-
tries makes it possible to achieve significant productivity in relatively small lands.
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Fig. 1. Potato productivity in the Republic of Belarus
and the Brest region in 1995—2017, t/ha [1]
Table 1
Potato land dynamics in 1995—2017, thousand ha [2]

Country 1995 2000 2005 2010 2015 2016 2017
Russia 3390 2817 2273 2109 2112 2031 1889
Republic of Belarus 725 661 461 367 310 292 276
Germany 315 304 277 254 237 243 251
Netherlands 179 180 156 157 156 156 161

Tabnnuya 2
Potato yield dynamics in 1995—2017, t/ha [2]

A country 1995 2000 2005 2010 2015 2016 2017
Russia 11.8 10.5 12.4 10.0 15.9 15.3 15.7
Republic of Belarus 13.1 13.2 17.7 21.4 19.4 20.5 23.2
Germany 31.4 43.3 42.0 39.9 43.8 44.4 46.8
Netherlands 41.0 45.7 43.4 43.6 42.7 42.0 46.0
Western Europe 35.1 42.7 421 41.2 42.9 41.3 44.9

The problem of low potato yields in the Republic of Belarus and Russia, apart from
technological, organizational and economic factors, is directly related to the biogenic
risks of cultivating this crop. The shortage of potato harvest is due to the increasing
harmfulness of diseases caused by fungal, bacterial and viral pathogens, as well as
insect pests. We consider the methods proposed by modern biotechnology to reduce
the negative impact of the two most common harmful objects: the Colorado potato
beetle (Leptinotarsa decemlineata Say) and phytophthora (Phytophthora infestans
(Mont.) De Bary), which lead to significant losses in potato harvest.
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Biotechnological approaches
in the control of late blight

Late blight is one of the most harmful potato diseases. Blight affects aerial part
of plants and thereby reduces assimilating surface during tuberization, and also causes
rotting of tubers during storage. In the Republic of Belarus, strong outbreaks of the dis-
ease with 30...50% yield losses are observed every 2—3 years.

The main late blight control methods, actively used for several decades of XX cen-
tury and in the new century include cultivation of resistant potato varieties and fungicide
application. The latter method, despite its effectiveness, is unsafe for human health and
poses the problem of increasing chemical load on agrocenoses, and, as a consequence,
deterioration of ecological state of the environment. Therefore, for sustainable de-
velopment of potato growing in modern conditions, along with the use of effective
agrotechnical measures, the creation of new potato varieties highly resistant to P. Infes-
tans is required, which will significantly reduce chemical treatments during plant
vegetation.

Resistance to P. infestans of previously developed varieties was determined
by the presence of R genes transferred by the method of distant hybridization from wild
potato variety Solanum demissum [3]. However, high variability of P. infestans mani-
fested itself in formation of new pathogen forms capable of overcoming protective reac-
tions of resistant varieties based on S. demissum R genes. According to Yu.T. Dyakova,
frequency of spontaneous mutations in P. infestans at one locus per 1 ha reaches 1,000.
It is a high pathogen mutation rate that can provide the level of variability necessary
for all kinds of adaptations [4]. The process of variability has sharply intensified since
1984, when new phytophthora populations with two types of sexual process Al and A2
migrated from Mexico to the area of intensive potato cultivation [3]. The appearance
of the A2 type in the Republic of Belarus significantly aggravated harmfulness of late
blight, because racial composition became more complicated, spectrum of virulence
expanded, pathogen's aggressivity and its resistance to existing pesticides increased [5].

A promising strategy that opposes the rapid loss of potato resistance to late blight
is creation of new varieties that retain high resistance to many races of late blight
for a long time. Combination of several resistance genes from wild potato variety
in one plant (gene pyramidation) makes resistance long-term, since the totality of trans-
ferred genes provides recognition of various pathogen races. A change in the racial com-
position of the pathogen in agrocenosis will not lead to a significant decrease in the
productivity of plants with long-term resistance. Such selection is called proactive [6].
The effectiveness of potato introgressive selection can be improved by developing
a new source material with complex resistance to late blight both of the aerial parts
of the plant and tubers. A decisive role in increasing potato resistance to late blight
is played by a targeted search for sources of valuable genes using marker-associated
selection methods. Molecular markers make help to distinguish plant forms resistant
to different pathotypes of the same pathogen, which significantly accelerates selection
of resistant genotypes and their inclusion in the breeding process.
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Interspecific hybridization has been used in practical potato selection for several
decades. Moreover, the transfer of resistance genes from wild species of the genus
Solanum, growing in the Americas, to S. tuberosum during sexual hybridization is limited
due to physiological and genetic incompatibility. Overcoming incompatibilities with
the distant hybridization of cultured tetraploid potatoes with wild-growing species
became possible thanks to the development of a number of biotechnological methods.

The method of somatic hybridization is based on the fusion of protoplasts isolated
from somatic cells of various plant species under in vitro conditions. Somatic hybridi-
zation bypassing sexual process allows developing new source material (complex inter-
specific hybrids of three or more parent cells) with valuable traits from wild species
to expand the genetic potential of potato breeding. The advantages of somatic hybridi-
zation include combining in one genome not only cultivated potato genes and phylo-
genetically distant wild relatives, which have more than 230 potatoes, but also cyto-
plasmic organelle genes (mitochondria, plastids), which ensures developing of qualita-
tively new interspecific hybrids [7]. Interspecific somatic potato hybrids are obtained
in many countries, among which the Republic of Belarus. Somatic hybrids with 10 wild
potato species inaccessible for sexual hybridization have been developed at Scientific
and Practical Center for Potato, Vegetable and Fruit Growing (National Academy of
Sciences of Belarus) by somatic hybridization. Despite the attractiveness of somatic
hybridization, development of plant varieties, including potatoes, obtained on the basis
of somatic hybrids, remains a rare phenomenon, since there is a problem with fertility
of somatic hybrids and their ability to generate viable offspring when crossed with
cultivated potatoes [8].

Another environmentally effective biotechnological method of controlling tuber
blight, which reduces quality of planting material during storage, is the method of micro-
clonal propagation of test-tube plants, which allows to obtain in sufficient quantities
material free from fungal, and viral pathogens.

Microclonal propagation makes it possible to obtain genetically identical clone
plants under in vitro conditions. It includes three stages: introduction of a cloned plant
into explant culture; plant regeneration and its propagation in the required number
of copies; stimulation of root formation in microplants and their adaptation to in vivo
conditions. Obtaining healthy potato microplants starts in the first year according
to a four-year seed-growing scheme of virus-free potato planting material. Breeding
institutions organize this work. At the first stage, tubers are taken from obviously healthy
plants and germinated. An apical meristem is isolated from sprouts under aseptic condi-
tions and cultivated on nutrient media in phytotrons with controlled light and tempera-
ture conditions. Plants regenerated from the meristem are propagated by multiple cuttings
according to the number of internodes to the required number of copies. Diagnosis
of pathogen presence is mandatory. Healthy potato test plants are transferred to seed
farms for mini-tubers, super-super elites and super-elites. The considered biotechno-
logical approach, based on apical meristem method, is, in fact, a supportive selection
and, being widely introduced into practice, makes it possible to annually provide farms
with pathogen-free, high-quality potato planting material.
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Decoding of S. tuberosum and P. infestans genomes increased possibilities of genetic
engineering to create genetically modified potato varieties with increased resistance
to late blight. To transform potatoes with genes of closely related wild-tuberous forms
of Solanum (section Petota Dumort.) a new term “cisgenesis” was proposed, which
is designed to distinguish such forms of potato from genetically modified organisms
obtained using foreign genes [9].

Biotechnological approaches
in controlling Colorado potato beetle

Besides phytophthora, Colorado potato beetle, which can damage up to 40% yield
in favorable years, is a serious biogenic risk for potatoes. Despite the rapid development
of science, Colorado potato beetle still remains a harmful potato pest, and considerable
funds are spent on combating it. Colorado potato beetle belongs to the objects of external
and internal quarantine in the Republic of Belarus. It is very difficult to control it due
to high fecundity, ability to go without food for a long time, fall into diapause for a long
time, and travel considerable distances. In addition, Colorado potato beetle has few natural
enemies, since eating Solanaceae plants containing poisonous solanine, Colorado beetles
become poisonous to them. Complicating the fight against potato pests is the fact that
with the beginning of spring, beetles wintering in soil come to soil surface not at the same
time, but at intervals. In addition, some females overwinter already fertilized and imme-
diately after reaching soil surface begin to lay eggs. Due to the climatic conditions
of Belarusian Polesie, number of generations of Colorado potato beetle can be increased
to three, which can further determine the duration of its harmfulness.

The traditional approach to reducing potato crop losses from the pest is chemical
control methods. However, the use of chemicals against Colorado potato beetle causes
the insect to quickly get used to the poison and also contributes to the preservation
of more stable individuals that give more viable offspring. Over the past decades
in the Republic of Belarus there has been an increase in number of Colorado potato
beetle, a change in some bioecological features of pest development due to varying
weather conditions of growing season, and formation of resistance to chemical agents.
In this situation, microbiological agents and plant extracts for controlling Colorado
potato beetle are considered to be the most suitable [10]. Most existing and newly
developed microbial agents are based on strains of Bacillus thuringiensis soil bacterium,
which is capable of producing Bt-toxin. This toxic protein differs depending on B. thu-
ringiensis subspecies, therefore it has a high selectivity and allows to adjust the number
of only certain insect types. When bacteria are consumed by susceptible insects, secreted
Bt-toxin becomes active under the action of enzymes in alkaline conditions of digestive
tract. In the active form, the toxin specifically binds to the receptors of epithelial cells
and causes their destruction. Insects stop feeding and soon die, and Bt-toxin is destroyed
in the sunlight. Bt-toxin does not have a negative effect on warm-blooded animals.

The development of genetic engineering methodology became it possible to detect
and isolate genes encoding Bt-toxins, their modification and transfer to the plant genome.
The first publications on practical developments in transferring potato varieties into
transgenic status appeared in the early 90s of XX century. In particular, one such publi-
cation showed that genetically improved plants of the Russet Burbank potato variety
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contained a modified bacterial gene, B. thuringiensis var. tenebrionis encoding the con-
trol protein L. decemlineata Say, and were not damaged by Colorado potato beetle
in the laboratory [11]. In transgenic varieties, the Bt-toxin gene is found in all cells, which
means that it is able to express constantly, which allows the plant to protect itself from
Colorado potato beetle and its larvae throughout the growing season. In all other
respects, the transgenic variety does not differ from the original unmodified variety.
In a review of biotechnological achievements of the first decade in crop production, it
was noted that among other crops for which field trials and commercialization of trans-
genic plants were carried out from 1986 to 1995, potatoes accounted for 11% [12].

The profitability of growing genetically modified plants on an industrial scale was
immediately evaluated by companies in the USA, Argentina, Brazil, Canada, and India,
which since 1996 have remained the undisputed leaders in expanding cultivated areas
and a specific assortment of genetically engineered crops. According to the International
Service for the Acquisition of Agribiotech Applications (ISAAA), in 2016 the cultivated
area under genetically engineered crops in the world reached 185.1 million hectares,
an increase of more than 100 times over ten years (for comparison, 1.7 million ha
in 1996) [13]. The commercial benefits from genetically modified plants, due to increased
yields while reducing chemical means of protection, as well as issues related to develop-
ment of effective measures to maintain sustainable development, economic stability,
encourage scientists from different countries, including the Republic of Belarus, to con-
duct research on genetic improvement of crop varieties of domestic selection. Such
varieties form the basis of varietal resources of the country and compares favorably
with their foreign counterparts, especially in terms of their adaptability to growing con-
ditions, diseases resistance, and other characteristics.

The directions of research on genetic engineering of potatoes, carried out in scien-
tific institutions of the Republic of Belarus, include the developing of transgenic lines
based on Skarb Belarusian variety having resistance to Colorado potato beetle, as well
as to late blight. In 2014—2015, the genetically engineered potato line resistant to Colo-
rado potato beetle and developed at the Institute of Genetics and Cytology of the Na-
tional Academy of Sciences of Belarus, was tested in an experimental field that met
safety requirements. The transgenic line was obtained by introducing the Cry3aM gene,
whose donor was bacterium B. thuringiensis var. tenebrionis, into the potato plant
genome, under the control of the CaMV 35S promoter from cauliflower mosaic virus.
The foreign gene expresses the Bt-endotoxin protein, which exhibits insecticidal proper-
ties against Colorado potato beetle and does not affect other insects.

Assessment of potential risks associated with the use
of transgenic organisms in the Republic of Belarus

Considering the short global practice of using genetically modified plants, as well
as the fact that potatoes are a significant food crop for consumers, safety of its geneti-
cally modified varieties should not only be ensured by scientists, but also guaranteed
at the state level. In the Republic of Belarus for the period following the accession
in May 2002 to the Cartagena Protocol on Biosafety to the Convention on Biological
Diversity, a National Security System was created that included legislative and regulatory
components to regulate safety of genetic engineering activities and aimed at protecting

GENETICS AND PLANT BREEDING 409



Jlenusxo C.M., botixo B.1. Bectauk PYIH. Cepust: Arponomust u )kuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 403—422

human health and the environment. The legislative acts are aimed at creating the legal
and organizational foundations of safety carried out in research institutions, as well as
at an objective assessment of potential risks of genetically engineered organisms that
are only released for environmental tests in the field and to the market.

Under Belarusian law, the procedure for assessing environmental risks and risks
to human health is carried out twice. For the first time, the standard risk assessment
procedure [14] is carried out before the genetically modified organism is released into
the environment for testing on specially equipped experimental fields that meet world
biosafety requirements. For this, the applicant scientific organization submits to the ex-
pert council of the Ministry of Natural Resources and Environmental Protection a full
study on the risk assessment of the possible harmful effects of the developed genetic
engineering organism, which is further evaluated by experts from among scientific
institutions competent in this field. After it is considered at a meeting of the expert
council of the Ministry of Natural Resources, at which it is decided whether or not
the release of such an organism is permissible. Risks are reassessed before releasing
genetically modified organisms into agricultural production. Genetically engineered
organisms that have undergone a full cycle of research and are admitted to the market
should not have negative effects on human health. All information on risk assessment
is freely available on the website of the National Biosafety Coordination Center of the
Republic of Belarus (http://www.biosafety.by). The National Biosafety Coordination
Center was established in 1998 with the aim of ensuring the effective participation
of the Republic of Belarus in solving the global problem of preserving biological diver-
sity and coordinating activities related to the safety of using the achievements of modern
biotechnology.

Conclusions

The current global trend in the development of plant protection methods is asso-
ciated with increasing developing and implementation of transgenic organisms, the ge-
nome of which contains foreign genes to ensure their resistance to insect pests and
pathogens. The use of genetic engineering methods aimed at reducing biogenic agroeco-
logical risks, in turn, raises concerns related to the ability of genetically modified
organisms to have an adverse effect on conservation and sustainable use of biological
diversity, and human health risks. It should be noted that the gene itself does not carry
risks, since it consists of a sequence of nucleotides that are the same in all living
organisms. Potential risks may arise due to the non-specific insertion of a new gene
into the plant genome, i.e. insertion can occur anywhere in the DNA. The result of
the insertion can be both favorable and undesirable consequences. If a foreign gene is
inserted into a region of DNA that already encodes a gene, this can lead to its silencing,
and, as a result, to termination of synthesis of a certain substance, which should not be
observed when a new gene is inserted into a silent part of the genome. If the initial
unmodified organism, into which the new gene is transformed, initially has undesirable
traits, then with the integration of the gene such properties can be enhanced. That is why
it is imperative that when assessing risks to human health, allergological and toxico-
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logical specialized tests are carried out, including animal studies. At the same time,
the duration of the research will be increased if the parent organism, in which the new
gene is inserted, is initially allergenic, has an increased level of anti-nutritional substances
(e.g. soy), since after gene inserting, they can increase. It is also imperative to develop
a molecular method that can effectively identify and track in the future the distribution
on the market of a genetically modified organism and products derived from it. Cur-
rently, there are 18 specialized laboratories for detection of genetically modified
organisms accredited by state or international standards in the republic. Another group
of potential risks is associated with the safety of using genetically engineered organisms.
Since transgenic plants begin to multiply in the environment, the risks associated with
the consequences of transgene transfer during pollination for closely related cultural
and wild species should be evaluated. Therefore, the transgenic organisms being
developed undergo mandatory expert assessment, which involves consideration of all
potential environmental and human health risks that may appear after insertion of a spe-
cific new gene and the new sign that will appear. When transgenic plants are released
into the environment, there must be full scientific certainty about absence of threat
of serious or irreversible damage. Summing up the issue of potential risks associated
with the use of organisms and products of genetic technologies, we would like to note
that all transgenic potato lines obtained in the Republic of Belarus are tested in laboratory
conditions and on experimental fields that meet safety requirements. Since potato is
an introduced species for Belarus, there is no possibility of uncontrolled transfer of its
genetic material, including and transgenic, wild plant species growing in natural bioce-
noses. The need to use genetic engineering methods is associated with an exacerbation
of biogenic agroecological risks, which can be reduced through the strategy of proactive
introgressive selection based on cell-engineering and molecular methods.

Mpo6Gnema ypoxaitHocTu B kapTodeneBoacTee
Pecnyonuku Benapycb u Poccun

Ha ¢one Bo3pacTaromux MOTeHIUAIBHBIX PUCKOB, 00YCIIOBICHHBIX HEOIaronpu-
ATHBIMH U3MEHEHHSIMH, IPOUCXOSIIIMMU B Orocepe, OAHON U3 BaKHEHUIINX 3a/1a4
SIBJISIETCSI TTOJTyYEHUE BBICOKUX ypOXkKaeB pacTeHUi. OT NPOAyKTUBHOCTH PAaCTEHUEBO/-
CTBa HAIIPSAMYIO 3aBUCHUT 3(P(HEKTUBHOCTH BCETO CEIbCKOXO35IMCTBEHHOIO IIPOU3BO/ICTBA.
PacturenbHbIN OpraHnu3M, CIIOCOOHBIN TPaHC(OPMHUPOBATH SHEPTUIO COJHIA B SHEPTUIO
OpPraHMYECKUX COEIMHEHUM, — OCHOBOIIOJIATAIOIIee 3BEHO B IOJTY4YEHUH MPOAYKTOB
MUTaHUS, KOPMOB, CHIPBSI, TOIUINBA, JIGKAPCTBEHHBIX cpeacTB. HTeHCH(UKanus pac-
TEHHEBOJICTBA B COBPEMEHHBIX YCIOBHAX JIOJDKHA 0Aa3MPOBATHCS HA Pa3yMHOM COYETa-
HHUU TPAJAULUOHHBIX [TOJIXOJ0B C HOBBIMHU T€XHOJIOTHSIMH.

Kaprodens (Solanum tuberosum L.) — BTopast o BaXKHOCTH CEITLCKOXO3IHCTBEHHAS
KyneTypa B PecrryOnuke benapych, nuiib B MocieqHUe MATh JIET HE3HAYUTEIBHO YCTY-
naromias pancy. bpecrckast 00nacTe cTaOMIBHO 3aHMMAET BTOPOE MECTO IO ILIOLIAIH,
3aHATOMW IO BBIpAIMBaHUE KapToders, B X035HCTBaxX Bcex Kareropuil. OnHaKo, 1o AaH-
HbIM bencrara (puc. 1), ypoxaitHocTh Kaproderns B ycioBusx bpectckoit 061acTu cHuke-
Ha B CPaBHEHMH C JIaHHBIM TOKa3areseMm 1o Pecnybnuke benapych u psigy obmacrei.
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Puc. 1. YpoxaiiHocTb kapTodens, T/ra, B Pecnybnuke benapycb

n Bpectckom obnactn ¢ 1995 no 2017 rr.
(cocTaBneHo aBTOPOM Mo JaHHbIM [1])

Tabnmua 1
JAnHamMuKa noceBHbIX nnowaaein kaptodens, Tbic. ra, B Bbioopke ctpaH ¢ 1995 no 2017 rr.

CtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 3390 2817 2273 2109 2112 2031 1889
Pecnybnuka 725 661 461 367 310 292 276
Benapycb
FepmaHus 315 304 277 254 237 243 251
HupepnaHgbl 179 180 156 157 156 156 161

CocTaBneHo aBTOPOM MO AaHHbIM [2].

Tabnmuya 2
JAnHamMuka ypoxxailHocTu kaptodens, T/ra, B Bbioopke ctpaH ¢ 1995 no 2017 rr.

CtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 11,8 10,5 12,4 10,0 15,9 15,3 15,7
Pecnybmika 13,1 13,2 17,7 21,4 19,4 20,5 23,2
Benapycb
FepmaHus 31,4 43,3 42,0 39,9 43,8 44,4 46,8
HwaepnaHgpl 41,0 45,7 43,4 43,6 42,7 42,0 46,0
3anagHas EBpona 35,1 42,7 421 41,2 42,9 41,3 44,9

CocTaBneHo aBTOPOM MO AaHHbIM [2].

[TpobGnema yposkaiiHocTH B KapTodeneBoaueckoi orpociu Pecriyonku benapych
u Poccun ob6octpsercs Ha ¢poHe HaOII01aeMOM TEHACHIIMY K COKPAIICHUIO TIOCEBHBIX
mwiomaned. B mepuonx ¢ 1995 mo 2015 rr. 3annMaembie kapTodeneM miomaan B Pec-
nyomuke benapyck ymenbnmwmck B 2,3 pasa, B Poccun — B 1,6 pasza u npo1oynkaroT
©XeroHo cokpamarbes (Tabdn. 1). BeimonHenne o0beMOB COOCTBEHHOTO MPOU3BO/I-
CTBa KapTodens, OrpeeIeHHbIX HAIMOHATBHBIMU JIOKTPUHAMH TPOJOBOJILCTBEHHOM
6e30macHOCTH JABYX CTpaH, HEBO3MOXKHO 0€3 MOBBINIEHUs YpokaiHOCTH. HecMoTps

412

I'EHETHUKA U CEJIEKIIHUA



Lenivko S.M., Boiko V.I. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):403—422

Ha pocT JaHHOro nokasarens B 2015 r. mo orHomenuto k 1995 r. (B Pecny6nuke bena-
pycs — Ha 48%, B Poccun — Ha 34%), cpennsisi yposkaiiHOCTh KapToders B IBYX CTpa-
Hax B pa3bl MEHbIIIE, 4YeM Cpe/iHee 3HaueHHe 1o cTpaHaM 3amnaanoi Espomnsl (Tad:m. 2).
Kpome Toro, kak 1mokaspIBaroT MpUBEACHHbBIC B TAOIHIAX cTaTUCTHYECKUe AaHHbIe [1po-
JIOBOJIBCTBEHHOM U cenbekoxossiictBenHoi opranmzanuun OOH (FAO — Food and
Agriculture Organization), B 'epmanuu n Huneprnannax — KpyHHBIX IPOU3BOIUTENAX
KapTodens cpeau EBponelickux cTpaH — CHMKEHHE MOCEBHBIX Tuiomaaei 3a 20 net
OBLIO HE CTOJIb BBICOKMM, a HaunHas ¢ 2015 r. mpociexuBaercst 0OpaTHas TeHICHLIUSL.
Beicokue cpeHye nokasaresy ypoxKaiHOCTH KapTo(esns B JaHHBIX CTPaHax IMO3BOJITIOT
JOCTUTATh 3HAYUTEIHHOW MPOU3BOJUTEIBHOCTH HA CPABHUTEIBHO HEOOJBIINX ITOCEB-
HBIX TUIOIASIX.

O6o3nauenHas mpobieMa HU3KOU ypoxkaiiHocTu kapTodens B PecrryOnuke bena-
pych u Poccuy MOMHMO TEXHOJOTMUECKUX M OPTaHMW3allMOHHO-9KOHOMUYECKUX (haKTo-
POB HaNPSMYIO CBsi3aHAa C OMOTCHHBIMU PUCKAMH BO3/ICJIBIBAHUS TAHHOW KYJIBTYPHI.
HenoGop ypoxkas kaptodenst o0ycioBieH HapacTaHHEM BPEJOHOCHOCTH psaa 3a00-
JIEBaHUM, BBI3bIBAEMBIX I'PUOHBIMM, OaKTepUATbHBIMU U BUPYCHBIMHU IATOIE€HAMH,
a TaKKe PacrpOCTPaHEHHOCTHIO HACEKOMBIX-BpeaHTeNei. PaccMoTpuM mpeiaraemele
COBPEMEHHOW OMOTEXHOJIOTHEH MyTH CHIKEHHSI HETaTUBHOT'O BIIMSIHUS JIByX HaunoOolee
pacmpocTpaHEHHBIX BPEIOHOCHBIX OOBEKTOB: KOJIOPAJICKOTO KyKa (Leptinotarsa decem-
lineata Say) u durodropsl (Phytophthora infestans (Mont.) de Bary), nmpuBoasmux
K 3HAYUTEIbHBIM MTOTEPSIM YpOxKast KapToQes.

BuoTexHonoruyeckue nogxoabl B 6opbode ¢ putopToposom

®durohTOpo3 OTHOCUTCS K OJHUM M3 BPEAOHOCHEHIINX 3a00seBaHuil KapToders.
®duTodTOpO3 MOpakaeT HAJ3EMHYIO YaCTh PACTEHUI U TEM CAMBIM YMEHBINIAET aCCUMU-
JIMPYIOLIYIO HOBEPXHOCTH B MEPUO]T KITyOHE0Opa30BaHMUsl, @ TAK)KE BbI3bIBAET THUCHUE
KiyOHel Bo Bpems xpaHeHus. B PecnyOnuke benapycu cuibHble BCHBIIIKY 00JI€3HU
¢ notepsmu 30...50% ypoxast HaOIOIAKOTCA Yepe3 Kaxable 2—3 roja.

K ocHoBHBIM crioco6am 00pbOBI ¢ PUTOPTOPO30M, AKTUBHO HCIOJIB3YEMbIM
Ha MPOTSHKEHUM HECKOJBbKHUX AeCATWICTHH XX B. U UMEIOLIMM IIPOJIOJDKEHHE B HOBOM
CTOJICTHH, OTHOCSITCS] BO3/I€JIBIBAHNE YCTOWYMBBIX COPTOB KapTO(EIs U UCTIOIb30BAHUE
¢byarununos. [locneaauii cmoco0, HecMoTpst Ha 3P PEeKTUBHOCTD, HEOC30MaCCH IS
3/10pOBbs YeJIOBEKA U MOPOXKAAECT IPOOJIEMY YBEIUUECHHUSI XMMHYECKOW Harpys3ku
Ha arporeHO3bl, M, KaK CIIEJICTBHE, YXYALICHUS HKOJOTHYECKOrO COCTOSHHS OKpYyKa-
fouieit cpenpl. [ToaToMy 1711 yCTOHYMBOTO pa3BUTHS KapTO(EIEeBOACTBA B COBPEMEHHBIX
YCIIOBUSIX HapaBHE C MPUMEHEHHEM 3(PPEKTUBHBIX arpOTEXHUUECKUX MEPONPUATUI
TpeOyeTcsi co31aHle HOBBIX BHICOKOYCTOWYMBBIX K P. Infestans copToB KapTodesis, 4To
MO3BOJIUT CYIIECTBEHHO COKPATUTh MPUMEHEHNE XUMUYECKUX 00paboTOK Ha MpOTshHKe-
HUU BereTaly pacTeHUM.

YcroitunBocTh K P. infestans paHee CO3aHHBIX COPTOB ONpeEJENsIach NIPUCYTCT-
BUEM R-reHOB, MepeHEeCEHHBIX METOJOM OTIAICHHOW TMOpPHIN3AINH U3 JTUKOPACTY-
niero copoanya kaprodens Solanum demissum [3]. OgHAaKO BBICOKAs U3MEHUYMBOCTD
P. infestans nposiBunack B 00pa30BaHUU HOBBIX (DOPM MATOTeHA, CIIOCOOHBIX MPEOAOIIE-
BaTh 3AIIUTHBIC PEAKIMN YCTOMYUBBIX COPTOB, CO3/IAaHHBIX Ha OCHOBE R-reHoB S. demis-
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sum. Tlo manaem FO.T. [IpsikoBa, yacToTa CIOHTAaHHBIX MyTauui y P. infestans 1o on-
HOMY JIOKyCY Ha 1 ra nocturaer 1 000. iMeHHO BbICOKasi CKOPOCTb MyTHPOBAHUS 1ATO-
reHa crocoOHa o0ecrneYnTs HeOOXOIUMBIN JIJIsl BCEBO3MOKHBIX aJanTaluil ypOBEHb
n3MmenunBocty [4]. TIponecc M3MEHYMBOCTH Pe3KO yCumics, HauuHas ¢ 1984 r., korma
13 MekcukH B 00J1aCTH MHTEHCUBHOTO BO3/IENIBIBAHUS KapTO(Esi MUTPUPOBATIM HOBBIE
nonyJssiue purodTopsl ¢ AByMs THIIAMH 1ojioBoro mporiecca Al u A2 [3]. TlosiBnenne
B PecnyOnke benapyck A2 Tuma 3HaYMTENBFHO YCYTyOMIIO BPeIOHOCHOCTH (puTo(dhTO-
pO3a, MOCKOJIBKY YCIO0XKHUIICS PACOBBIN COCTAB, PACIIUPUIICS CIIEKTP BUPYJIEHTHOCTH,
MOBBICUJIACH aIPECCUBHOCTD MATOIEHA, @ TAKKE €r0 PE3UCTEHTHOCTD K CYIIECTBYIOIIUM
rectuaaMm [5].

[lepcniekTUBHOM cTparerueii, MpOTUBOCTOSIEH OBICTPON MOTEpe YCTOWYMBOCTH
pactenuit kaptodens Kk purodToposy, ABISETCS CO3AaHUE HOBBIX COPTOB, HAJ0JTO
COXPAHSAIOIINX BBHICOKYIO YCTOWYMBOCTh K MHOTHM pacaM ¢putopTopsl. O0bernHeHue
HECKOJIbKMX I'€HOB YCTOWYMBOCTH U3 AUKOPACTYIIHUX COpPOAUYEH KapTo(ens B OIHOM
pacTeHuH (MMMPaMUIUPOBAHUE I'€HOB) JIETIAeT YCTOMUMBOCTD J0JITOBPEMEHHOM, TOCKOJIBKY
COBOKYITHOCTb IEPEHECEHHBIX T€HOB 00ECIIEUNBACT PACIIO3HABAHUE PA3ITMYHBIX Pac
naroreHa. VMI3MeHeHre pacoBOro COCTaBa MaTOreHa B arporeHo3e He OyeT MPUBOAUTD
K CYLECTBEHHOMY CHIKCHHIO NPOAYKTUBHOCTH PACTEHUH C JOJITOBPEMEHHOMN YCTOM-
YMBOCTBIO. TaKylO CENEKLMIO HAa3bIBAIOT yHpexaarowmen [6]. Pe3ynpTaTHBHOCTE HHTPO-
TPECCUBHOM CeJIeKINU KapTo(hesst MOXKET ObITh MOBBIIIEHA 332 CUET CO3/IaHUSI HOBOTO
HCXOJIHOTO MaTepuiia ¢ KOMIUIEKCHON YCTOMYMBOCTBIO K GUTO(TOPO3y KaK HaJ3EMHBIX
YacTel pacTeHus], Tak M KiIyOHel. Takke Onpeessrolyo poib B Pa3BUTHH CTPATETHU
MOBBIIICHUS YCTOMYUBOCTU KapTodens K GUToPTOpo3y UrpaeT LeleHanpaBICHHbIH
MOMCK MCTOYHUKOB LIEHHBIX I'€HOB C IIOMOIIbI0 METOJ0B MapKep-COMyTCTBYIOIIEH
ceneky. MoekyssipHble MapKepbl TO3BOJISIIOT HAZIEKHO pa3andaTh (OpMbI pacTEHUH,
YCTOMUYMBBIE K Pa3IMYHBIM MATOTHIIAM OJTHOTO U TOTO K€ BO30yAUTEINst OOJIe3HH, YTO
CYLIECTBEHHO YCKOpSIET OTOOP YCTOWYMBBIX I'€HOTHUIIOB U BKJIIOUYEHUE UX B CEJIEKIIU-
OHHBII Tpo1iecc.

B npakTryeckoii cenexipy KapTodens Ha NPOTHKEHHN HECKOJIBKUX JIECSITKOB JIET
UCTIONB3yeTCcs MEeKBUAOBas ruOpuan3anus. [Ipu 3ToM nepeHoc reHOB YCTOHUHUBOCTH
U3 JUKOPACTYIIHUX BUAOB poaa Solanum, npouspacraroniux B CeBepHoit u FOxHoi
Awmepuke, B S. tuberosum Tipu IOJIOBOIM THOPHUIM3ALINH, KaK TPABHUJIO0, OTPAaHIUYCH U3-3a
(HU3HOTOTHYECKON U TeHETHYECKOM HECOBMECTUMOCTH. [Ipeoonenne HeCOBMECTUMO-
CTH MPU OTAAIEHHOW MMOPHIM3AIMN KyJIbTYPHOTO TETPAIIONTHOTO KapToderns ¢ AUKo-
pacTyIIMMU BUJAMH CTaJI0 BO3MOXKHBIM Onlaronaps pa3paboTke psjaa OHOTEeXHOIOTH-
YECKUX METOJIOB.

Mertoa comaTHdeckoi TMOpuaAn3aluy OCHOBAH Ha CIMSHHUU MIPOTOILIACTOB, M30JIH-
POBAHHBIX U3 COMATUYECKUX KJIETOK PACTEHUH Pa3IUYHBIX BUJIOB B YCIOBHUSX in Vitro.
Comarnueckasi THOpUIU3AIHs B 00XO0/1 TIOJIOBOTO MPOIIECcca MO3BOJISIET CO31aBaTh HOBBII
MCXOJIHBIM MaTepual (CI0KHbIE MEXBUIOBbIE THOPH/IBI U3 TpeX U 0ojiee POIUTEIILCKUX
KJICTOK) C IIEHHbIMM IIPU3HAKaMU OT JUKHMX BHUJIOB JAJIS PAaCHIMPEHHsS] T€HEeTHUECKUX
BO3MOKHOCTEH cenekiuu kaprodemns. K mpenmymiecTBam comaTndeckon ruOpuan3a-
IIMA OTHOCHUTCSI OObEANHEHNE B OJJHOM I'€HOME HE TOJIbKO I'€HOB KYJIbTYpPHOIO KapTo-
denst u puIOreHeTUYEeCKH OTJAJICHHBIX JUKHUX COpOAMYEH, KOTOPBIX Y KapTodes
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6onee 230, HO ¥ TEHOB OpraHesUl LIUTOILIA3MbI (MHUTOXOHJIPUH, TUTACTHT), YTO oOecrie-
YHBAET CO3JJAHME KAUE€CTBEHHO HOBBIX MEKBHIOBBIX THOPHIOB [7]. MeXBUIOBBIE COMa-
THYECKHE THOPHIBI KapTodes IoJydeHbl BO MHOTUX CTpaHax, B T.4. U PecmyOmmke
Bbemapyces. B HIIIl HAH Bbenapycu o kapTodesieBoACTBY U IJI0I00BOIICBOICTBY
METOJIOM COMaTHYECKON TMOpUAN3alMU CO3/1aHbl coMaTH4eckre ruopup ¢ 10 nukuMu
BUJIAaMU KapTOoQest, MaJIOIOCTYITHBIMH JUIS TIOJIOBOW TrrOpHam3aimu. HecMoTpst Ha mipu-
BJICKATEITFHOCTh COMATHYECKON THOPHIN3AIINN, CO3JaHIE COPTOB PACTEHHUIl, B TOM YHCIIE
U KapToges, MOoJIy4eHHbIX Ha OCHOBE COMAaTHYECKUX I'MOPHUIOB, OCTAETCS PEAKUM
SIBJICHUEM, IOCKOJIbKY CYILECTBYET IpobiieMa ¢ (epTHIbHOCTBIO COMATHUECKUX T'H-
OpHIOB U MX CHOCOOHOCTBIO K TEHEPAIMU KHU3HECTIOCOOHOTO TIOTOMCTBA MPH CKPEIIH-
BaHMU C KyJIbTYypHBIM KapTodeiem [8].

Jlpyrum 3KOJIOTMUYECKH OINpaBJIaHHBIM OMOTEXHOJIOIMYECKHM CII0COO0M GOpHOBI
¢ ¢puTo(TOPO30M KIYyOHEH, CHIDKAIOIIMM KauyeCcTBO MOCAJI0YHOTO MaTepraia BO BpeMs
XpaHEHHUs, SBJISETCS METO/I MUKPOKJIOHATBHOTO Pa3MHOKEHHUS IPOOUPOYHBIX PACTEHUM,
MO3BOJISIOUINI MOMYy4YUTh B JJOCTATOYHOM KOJIMYECTBE O3[0POBJIEHHBIH MaTepual
HE TOJBKO OT TPUOHBIX, HO M BUPYCHBIX NMaTOTEHOB.

MUKpOKIOHAIBbHOE PA3MHOXKEHHE TMO3BOJISIET MOJYUYUTh B YCIOBMSX in Vitro
TEHETUUYECKU MJICHTUYHbIE MaTEPUHCKOMY pacTeHUs-KIOHbL BKirouaeT Tpu 3rama: BBe-
JIEHUE B KyJbTYPY 3KCILJIaHTA KJIOHUPYEMOTO pacTeHMs; pereHepalus Mukpornoodera
U €ro pa3MHOXKEHHE B HEOOXOJIMMOM KOJIMYECTBE KOIM; CTUMYJISAIMSA KOpHEOOpa3o-
BaHUs y MPOOUPOUHBIX pACTeHUM M aJanTalnus UX K yCIoBHsM in vivo. Ilomyuenue
03JI0POBJICHHBIX MPOOUPOYHBIX PACTECHUU KapTOdess MPOUCXOAUT B MEPBBIN Toj
COIJIACHO YEeThIPEXJIETHEH CXeMe CEMEHOBOICTBA OE3BHPYCHOIO MOCAJ0YHOTO MaTepHaa
kapTodeins. Oprauuzyror 3Ty paboTy celeKIMoHHbIe yupexaeHus. Ha nepsom stame
0TOUPaIOT KIyOHHM OT 3aBEJIOMO 3/0POBBIX pPacTeHHMH U MpopaimuBaioT. 13 pocTkoB
B aCENTUYECKUX YCIOBHSIX BBIACISIOT alUKAJIbHYI0 MEPUCTEMY M KYJIbTUBUPYIOT
Ha MUTATEIbHBIX CpeiaX B (PUTOTPOHAX C KOHTPOJIUPYEMBIMU CBETOBBIM U TEMIIEPATyp-
HBIM peKkuMaMu. PereHeprpoBaHHbBIC M3 MEPUCTEM PACTEHHUS Pa3MHOXKAIOT MHOTOKpAT-
HBIM YEPEHKOBAHHMEM I10 YUCITY MEXA0Y3IHHA 10 HEOOX0IUMOT0 KOJINYECTBA KOMHH.
OOs3aTenbHBIM SBJISICTCS IMArHOCTHKA HAa HAJMYHE MaTOreHOB. 37I0pOBbIE MPOOUpPOU-
HbI€ pacTeHHs KapTodest NepeaatoTCsi CEMEHOBOIYECKUM XO3SHCTBAaM JIJIsl TTOJTyYeHUs
MUHU-KITYOHEH, Cynep-CynepaiuThl U CynepaIuThl. PaccMOTpeHHBIN OMOTEXHOJIOTH-
YEeCKUH MMO/X0JI, OCHOBAHHBIM Ha METOJIE€ AlIMKAJIbHBIX MEPUCTEM, IO CYTH, SBISETCS
MOJ/IEPKUBAIOIIEH ceNeKIMel 1, Oyy4r IIMPOKO BHEIPEHHBIM B MPAKTHKY, MO3BOJISIET
€XEeroIHO0 00ecreunBaTh XO034iCTBA O3J0POBICHHBIM, KaY€CTBEHHBIM COPTOBBIM
MOCaI0YHBIM MaTepHaioM KapToders.

C pacumgppoBkoit TeHOMOB S. fuberosum u P. infestans paclIipUiINCh BO3MOX-
HOCTHU T€HHOI MH)KEHEPHH I10 CO3/IaHUI0 TeHETHYECKH MOAU(PHUIIMPOBAHHBIX COPTOB
KapTodes ¢ MOBBIIIEHHONW YCTOWYHUBOCTBIO K puTodTopo3y. s Tpanchopmanuu
KapTodess reHaMu OJIM3KOPOACTBEHHBIX TUKOPACTYIIMX KIyOHEHOCHBIX GopM Solanum
(cexumu Petota Dumort.) nmpeuioskeH HOBBI TEPMHUH «LUCTEHE3», IPU3BAHHBIN OTIIH-
4aTh Takue GopMbl KapTodess OT TeHETUYECKH MOIU(PHUIIMPOBAHHBIX OPraHU3MOB,
MOJIYYEHHBIX C UCIOJIb30BaHUEM UYKEPOIHBIX FE€HOB [9].
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BuotexHonornyeckue noaxonabl
B 60pb0e C KOJIOPaACKNM XYKOM

ITomumo purodrops! cepbe3HbIM OMOT€HHBIM PUCKOM Ul KapTodens BO MHOTUX
CTpaHax SBJISETCS KOJOPAJCKHUH )KyK, KOTOPBIH B OJaronpusiTHbIE TOJbl CIIOCOOEH
yHUUTOXKUTH 110 40% yporxkas. HecMOTpst Ha cTpeMUTENbHOE pa3BUTHE HAYKH, KOJIOpa/l-
CKHI KyK JI0 CHX ITOP OCTAETCs OTIACHBIM BpEAUTENeM KapTodesi, Ha 60ps0y ¢ KOTOPBIM
TpaTATCs HeMainble cpeacTBa. Komopaackuii )KyK Kak ONacHbI BpeIuTenb KapTodens
OTHOCHUTCSI K 00BEKTaM BHEIIHEro M BHYTpeHHero kapanTuHa B PecriyOnuke benapycs.
BopoTbest ¢ HUM B CBSI3U C €r0 BBICOKOH IJI0JJOBUTOCTBIO, CIIOCOOHOCTBIO JUTUTENIBHO
o0xonuThes 0e3 MUILY, BIIAIaTh B IMaIay3y Ha MPOJIOJDKUTENIBHBIN CPOK M IEPEeMEIIaThCs
Ha 3HAYUTEIbHBIE PACCTOSHUS OYCHB 3aTPYAHUTENBHO. K TOMY ke y KOJIOpaJICKOro *KyKa
MaJl0 €CTECTBEHHBIX BparoB. [IuTasch macieHOBBIMH, COJEPIKAIIUMHE SIOBUTHINA COJla-
HHH, KOJIOPAJICKHE KYKH CTAHOBSITCS JJIsl HUX SAOBUTHIMU. 3aTpyaHseT 60prOy C Bpe-
auresieM kaptodens U TOT (pakT, 4To ¢ HayaJloM BECHBI XKYKH, 3UMYIOIIUE B IIOYBE,
BBIXOJIAT HA MTOBEPXHOCTh 3€MJIM HE OJJHOBPEMEHHO, a ¢ MHTepBaslaMu. Kpome Toro,
HEKOTOpbIE CaMKHU 3UMYIOT Y€ OILUIOJJOTBOPEHHBIMH U Cpa3y MOCHIE BbIXOJA Ha ITOBEPX-
HOCTh HAUMHAIOT OTKJIAJIBIBATH Sila. B CBSI3U ¢ KIIMMAaTHUYECKUMH 0COOCHHOCTIMHU
Benopycckoro Ilonecks KOTMUECTBO TeHEPALUN Yy KOJIOPAICKOTO KyKa MOXKET OBITh
YBEJIMYEHO JI0 TPEX, YTO elie O0bIIe MOKET 00YCIOBUTH MPOAOHKUTEIHHOCTh €ro
BPEI0HOCHOCTH.

TpaauIMOHHBIM [IOJIX0/I0M, HAalIPaBJIEHHbIM HA COKpPAIIEHUE TOTeph ypoxKas Kap-
To(enst OT BpeauTes, ABJISIIOTCS XUMUUECKHE MeTObI 3amuThl. OJTHAKO HCIOJIB30Ba-
HHE XMMHYECKUX IPErnapaToB MPOTUB KOJIOPAJICKOTO KYKa BBI3BIBAET Y HACEKOMOTO
OBICTpOE MPHBBIKAHUE K Sy U CIIOCOOCTBYET K TOMY K€ COXpPaHEHHIO 0ojee yCTONuu-
BBIX 0CO0€H, Haronux 0oJee )KU3HECTIOCOOHOE MTOTOMCTBO. 3a MOCIEAHUE JeCATHIICTUS
B PecriyOnuke benapyck npou3omnuio yBeslmdeHne pacipoCcTpaHEHHOCTH KOJIOPACKOTo
KyKa, UI3MEHEHHE HEKOTOPBIX OMOIKOJIOTMYECKUX OCOOEHHOCTEH Pa3BUTHS BPEAUTENS
BCJIE/ICTBHE BapbUPOBAHMsI IIOTOJHBIX YCIOBUI BET€TALIMOHHOTO Ce30Ha, (hopMUpOBaHHE
PE3UCTEHTHOCTH K XMMUYECKUM CPEICTBAM 3aIlUThL. B clokuBIIelicst cutyaruy Haubo-
Jiee TIOIXOAIINM CYUTACTCS UCTIONh30BAHUE MUKPOOHOIOTMYECKHX TPETapaToB M pac-
TUTENBHBIX YKCTPAKTOB C BKIFOUEHHUEM HX B HKOJIOTU3UPOBAHHYIO CHCTEMY 3aIUTHI
KapTodens oT kojopaackoro xyka [10]. BolbImMHCTBO CyIIEeCTBYIOMMX U BHOBb pa3-
pabaTbIBaeMbIX MUKPOOHBIX NPENapaToB CO3/Al0TCS Ha OCHOBE IITAMMOB ITOUYBEHHOMN
Oakrepun Bacillus thuringiensis, KOTOpble CIIOCOOHBI BbIPaOaTHIBATh OEIIOK, Ha3BaHHBII
Bt-TokcHOM. DTOT TOKCHYECKHH OEJIOK OTINYAeTCs B 3aBUCHMOCTH OT IMOIBUIA
B. thuringiensis, pOU3BOJAIIETO €T0, IIO3TOMY 00J1aaeT BRICOKOW N30UPATETLHOCTHIO
JNEHUCTBUS U MO3BOJISET PEryIUPOBATh YUCICHHOCTh TOJBKO OINPEACIICHHBIX BUJOB
HacekoMbIX. Korpma Gaktepun nmoTpeOistoTcsi BOCOPUMMYKMBBIMUA HACEKOMBIMH, BbIjIE-
JsieMbIil Bt-TOKCHH CTaHOBUTCSI aKTHUBHBIM I10J] ACHCTBUEM (DEPMEHTOB B HICIOYHBIX
YCJIOBUSX MUILEBAPUTEIBHOIO TpakTa. B akTuBHOMN popme TOKCHH cnienupuuecku
CBSI3BIBAETCS C PELENTOpPaMH SMUTEIHAIBHBIX KJIETOK M BBI3BIBACT UX Pa3pylICHUE.
Hacekompble mepecTaloT MUTaThCSA U BCKOpe morubaror, a Bt-TokcuH paspymiaeTcs
10J] ICWCTBUEM COJIHEYHOTO cBeTa. Ha TernoKkpoBHBIX KUBOTHBIX Bt-TOKCHH HE OKa-
3bIBA€T HETaTUBHOT'O JICHCTBUS.
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C pa3paboTKOil METOJOJOTUM I'€HEeTUYECKON MHKEHEPUU CTajO0 BO3MOXKHBIM
oOHapy>KeHUe U BbIJIeJIEHUE T€HOB, KOJUPYIOIMUX Bt-ToKCHHBI, HX MoAH(HUKALUs
U TIEPEHOC B TeHOM pacTeHui. [lepBbie myOIuKauy O MPAaKTUYECKUX HapabOTKax
0 TIEPEBOJy COPTOB KapTOdesi B CTaTyC TPAHCTEHHBIX MOSBUINCH B Havyaje 90-X IT.
XX B. B yacTHOCTH, B OJJHOM M3 TaKUX MyOJIMKAIM MOKA3aHO, YTO TEHETUYECKH YITyd-
HIeHHBIE pacTeHus copta kaprodens Russet Burbank coxepskanu monudunnpoBaHHbIit
OakTepuanbHbIN TeH B. thuringiensis var. tenebrionis, KOTUPYIOIUI OEI0K-KOHTPOJIEP
L. decemlineata Say, n He TIOBpPEKIATUCH KOJIOPAJCKAM KYKOM B JaOOPaTOPHBIX yCIIO-
Busix [11]. V TpaHcreHHbIX copTOB reH Bt-TOKCHHA HAXOIUTCS BO BCEX KIIETKAX, a 3Ha-
YUT, CIIOCOOEH SKCIEPECCUPOBATHCS IIOCTOSHHO, YTO MO3BOJISICT PACTEHUIO 3aIlIUTUTD
ce0st 0T KOJIOPAZCKOT0 KyKa M €ro JMYMHOK Ha MPOTSHKEHUH Beel Bereramu. [1o Bcem
OCTaJIbHBIM IIPU3HAKAM TPAHCTE€HHBIN COPT HE OTIMYAETCA OT UCXOAHOTO HEMOAUU-
MPOBAHHOTO copTa. B 0030pe MOCTHKEHUI MEPBOrO NECATUIECTUS OMOTEXHOJIOTHH
B PaCTEHHEBOJICTBE OTMEUEHO, YTO B MHPOBOM MacIiuTade cpenu APYTHX KyJIbTyp, s
KOTOPBIX MPOBENIEHBI MOJIEBbIE UCIIBITAHUS M KOMMEPIHMAIN3alus TPAHCTEHHBIX pac-
tenuii ¢ 1986 mo 1995 r., kaprodens coctapmsut 11% [12].

[TpuOBLIEHOCTE BBIpANMBAHUS TEHETHIECKH MOAN(DHUIIMPOBAHHBIX PACTEHHUI B TIPO-
M3BOJCTBEHHBIX MacmTabax cpa3y Obuia orneHeHa kommanusimu CIIA, ApreHTuHsI,
bpasumuu, Kanagel, Mamumn, kotopsie ¢ 1996 r. octaroTcst 6€3ycIoBHBIMU JTHACpaMHU
[0 PACIIUPEHNIO OCEBHBIX IUIOIMAJEH U BUJIOBOTO COPTUMEHTA N€HHO-UHKEHEPHBIX
KynbTyp. [lo naHHBIM MesxayHapoaHOH CiTy>KObl IO BHEPEHUIO arpoOHMOTEXHOIOTHYE-
ckux paspabotok (ISAAA — International Service for the Acquisition of Agribiotech
Applications), B 2016 1. moceBHBIE TUIOIIAIU [0 TEHHO-WHXEHEPHBIMU KYJIbTypaMu
B Mupe aocturiau 185,1 MilH ra, yBenu4MBIINCH 3a JIecsATh jeT Oonee yeMm B 100 pa3
(st cpaBaenust 1,7 mua ra B 1996 1.) [13]. Kommepueckast BBIro1a OT UCHIOIb30BAHUS
TeHETUYECKU MOAU(HULIMPOBAHHBIX PACTEHUH, 00YCIOBIEHHAS MOBBIIIEHUEM ypOXKaii-
HOCTH IIPU COKPAILEHUH 3aTpaT Ha IPUMEHEHNE XUMUYECKHX CPEJICTB 3ALUTHI, & TAKKE
BOIIPOCHI, CBA3aHHBIE C BBIPAOOTKOM A(P(PEKTUBHBIX Mep MO MOAICPIKAHUIO YCTOWIUBOTO
Pa3BUTHA, SKOHOMHUYECKOW CTaOMIBHOCTH, TOOYXK/IAIOT YUEHBIX pa3HBIX CTPaH, B T.U.
u PecriyOnmuku benapych, K POBEICHHUIO NCCIICIOBAHHIA TI0 TEHETUYECKOMY YITyUITICHUIO
COPTOB CENBCKOXO3SMCTBEHHBIX KYJIBTYpP OTEUECTBEHHOW CENEKIUU. Takue copra
COCTaBJISIIOT OCHOBY COPTOBBIX PECYPCOB CTPAHBI M BBITOAHO OTJIMYAIOTCS OT 3apyOek-
HBIX aHAJIOTOB, OCOOEHHO 110 YPOBHIO UX AJAalTUBHOCTH K YCIOBUSAM BBIPAILMBAHUS,
YCTOMYMBOCTH K OOJIE3HSIM U pALY APYIHX MPU3HAKOB.

K nanpaBienusiM viccieoBaHU 10 TeHETHYECKON MH)KEHEPHH KapTodes, mpo-
BOJIMMBIX B Hay4HbIX yupexkneHusx PecryOmuku benapych, OTHOCATCS cO31aHME TPaHC-
TeHHBIX JINHUM Ha OCHOBE copTa Oenmopycckoil cenekiuu CkapO ¢ yCTONYMBOCTHIO
K KOJIOPAZICKOMY KYKY, a Takxe K putopTtopo3sy. B 2014—2015 rr. npoBeeHs! UCIIbI-
TaHus co3faHHol B MHcTuTyTe reneruxku u nurosnorun HAH benapycu reHHo-nHxe-
HEpHOW JIMHUU KapTOQeisi, yCTOWIUBOM K KOJIOPAJICKOMY JKYKY, Ha OIBITHOM II0JIC,
COOTBETCTBYIOIIEM TpeOOBaHMsAM Oe30macHOCTH. TpaHCreHHast IMHKA MOTyYeHa MyTeM
BBEJICHUSI B TCHOM pacTeHuit kaprodens copra Ckapb rena Cry3aM, TOHOPOM KOTOPOTO
Obuta Oaktepust B. thuringiensis var. tenebrionis, nog koatposieM CaMV 35S npomortopa
OT BHpYyCa MO3auKH IIBETHOM KarrycThl. UykepoaHbIii TeH 3Kcrpeccupyet Oenok Bt-aH-
JOTOKCHH, KOTOPBII MPOSIBIISIET NHCEKTUIMHbBIE CBOKWCTBA MO OTHOIIEHHUIO K KOJOPaj-
CKOMY JKYKY M He JIEHCTBYET Ha JIPyT'HX HaCEKOMBIX.
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OueHKa NoTeHuuabHbIX PUCKOB,
CBSi3aHHbIX C UCNMNOJ1Ib30BaHNEM TPAHCIreHHbIX OpraHM3mosB,
B Pecny6nuke Benapycb

[TpuHrMas BO BHUMaHHE KOPOTKYIO MHPOBYIO MPAKTHUKY UCIIOJIb30BAHMS TCHETH-
YeCKH MOAN(DUIMPOBAHHBIX PACTEHUM, a TAKXKE TO, UTO KapTOQesb ABJSETCS 3HAUNMOMN
JUIsL TIOTpeOuTeNell MPOJOBOJILCTBEHHOM KYJIBTYPOH, O€30MacHOCTh €ro reHeTHUECKU
MOJM(UITPOBAHHBIX COPTOB JOJDKHA OBITH HE TOJIBKO O0ecTieueHa CO CTOPOHBI YUEHbIX,
HO W rapaHTHUpOBaHa Ha ypoBHeE rocynapcta. B Pecnybnuke benapyce 3a nepuon,
npomeamui nocie npucoenuHenus: B mae 2002 r. k KapraxeHckoMy MpOTOKOIY
no 6uode3onacHocty k KonBeHuuu o GuosnoruyeckoM pazHooOpasuu, Oblila co3/1aHa
HammonansHast cucrema 0€30MacHOCTH, BKITFOYAIOIIAS 3aKOHOJATEIbHYIO0 U HOPMAaTHB-
HO-pErJIaMEHTHYIO COCTaBJISIOLIME PEryJIHMpOBaHUs O€30IaCHOCTH T€HHO-MH)KEHEPHOH
JIeATEIbHOCTH M HAIlpaBJICHHAS! Ha OXPaHy 37I0pPOBbsI YEJIOBEKA M OKPYIKAIOIIEH Cpe/Ibl.
JlelicTBUE 3aKOHO/IATENIbHBIX AKTOB HAIIEJICHO Ha CO3[JaHME IIPABOBBIX M OpraHU3allu-
OHHBIX OCHOB 0€30IaCHOCTH, IMPOBOJIMMON B HAYYHBIX YUPEKACHUSIX ACATEIHHOCTH,
a TaKKe Ha OOBEKTHUBHYIO OLIEHKY NMOTEHIHATIbHBIX PUCKOB I'€HHO-WH)KCHEPHBIX Opra-
HHU3MOB, TOJIbKO BBIITYCKAaE€MBIX JUISl 9KOJIOTUYECKUX UCIBITAHUN B MOJIEBBIX YCIOBUAX
Y BBICBOOOYK/Ta€MBIX HA PBIHOK.

ITo GenopycckoMy 3aKOHOATENIBLCTBY MPOLEypa OLIEHKH KOJIOTHUYECKUX PUCKOB
U PUCKOB ISl 3J0POBBS UEIOBEKa MPOBOAMUTCS ABaXKIbl. [1epBblil pa3 craHmapTHAas
npolenypa OIeHKH pUCKOB [14] mpoBoauTcs mepen BHICBOOOXKICHUEM T€HETUYECKH
MOM(UIIMPOBAHHOTO OPraHM3Ma B OKPYKAIOIIYIO CPEay Ul MPOBEICHUS UCIIBITAHUI
Ha CHELUATbHO 000PYIOBAaHHBIX ONBITHBIX MOJISIX, COOTBETCTBYIOLIMX MUPOBBIM TpeOoO-
BaHMAM OnoOe3omacHocTH. /s 3TOro Hay4yHas opraHu3anusa-3assBUTENb PEICTABIACT
B OKCIIEPTHBIN cOBeT MHUHHCTEPCTBA MPUPOIHBIX PECYPCOB U OXPAHBI OKPY KAIOLIEH
Cpe/bl MOTHOE UCCIIeJOBaHUE 00 OLIEHKE PHUCKA BO3MOXHBIX BPEIHBIX BO3JIEHCTBUI
CO3JJaHHOTO TE€HHO-WHXEHEPHOTO OpPraHu3Ma, KOTOPOe J1ajiee OLEHUBACTCS OJHUM
U3 HKCIEPTOB JMUOO IKCIEepTaMU U3 YMCIa HAYYHBIX YUPEKIEHUN, KOMIIETEHTHBIX
B JaHHOM 00JIaCTH, MOCTIE YeT0 pacCMaTPUBACTCS HA 3aCE€IaHUHU HKCIEPTHOTO COBETA
MuHIpUpOBI, HA KOTOPOM pelaeTcs, JOIMYCTUMO JINOO HET BHICBOOOXKIEHHE TAaKOTO
opranu3ma. [IOBTOpHO PHCKH OLIEHHWBAIOTCS TEPE] BBITYCKOM T'€HETHYECKH MOU-
(HULIPOBAHHBIX OPraHU3MOB B CEIBCKOX03HCTBEHHOE NTPOU3BOACTBO. Y T€HHO-UHKE-
HEPHBIX OPTaHU3MOB, MPOIIEIINX TMOTHBIA IUKI HCCIECIOBAaHUN M JOIMYIICHHBIX
Ha PBIHOK, HE JIOJDKHO OBITH BBISIBIIEHO OTPHIATENBHBIX () ()EKTOB Ha 310POBbE YeNIO0-
Beka. Best nH(opMalys 1o oleHKe pUCKOB pa3MeIlaeTcsi B CBOOOIHOM JIOCTyIIE Ha BeO-
caiite HanimoHampHOTO KOOPAMHAIIMOHHOTO IEeHTpa Onobe3onmacHocTH PecnyOmuku
benapycs (http://www.biosafety.by). HarmonansHbI#t KOOpAWHAIIMOHHBIN LEHTP OHO-
Oe3omacHoCcTH ObUT co37aH B 1998 T. ¢ 1menpro obecriedeHus d3(HHEKTHBHOTO ydacTHst
PecnyOmuku benapych B perieHnu rinodaibHo npobiaeMsl coXpaHeHHs: OM0JIOrMYECKOTo
pasHoo0pa3us U KOOPJMHAIMU ACATEIHHOCTH, CBI3aHHOM ¢ 0€30MaCHOCTHIO UCTIONB30-
BaHMA JOCTHKEHUH COBPEMEHHON OMOTEXHOJIOTUH.

BbiBOAbI

COBpGMeHHaH MHpOBas TCHACHIUSA 110 pa3pa60TKe CII0c000B 3allIUThI paCTeHI/Iﬁ
CBsA3aHa C HapalllMBAaHUCM TEMIIOB CO3JaHUA U BHCAPCHUA B IIPAKTUKY TPAHCICHHBIX
OpraHu3smMoB, B TCHOM KOTOPBIX MHTCIPUPOBAHbI YYKCPOJIHBIC I'CHBI, O6€CH€‘II/IB3.IOI_LII/I€
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UX YCTOHYMBOCTb K HACEKOMBIM-BPEAMUTENSAM U MaroreHam. Vcnoiab3oBaHUE T€HHO-
MHXEHEPHBIX METOIOB, HAIPABJIECHHBIX HA CHIDKEHHE OMOTEHHBIX arpO3KOJIOIHYECKHX
PHUCKOB, MOPOKIAET B CBOIO OUEpe/b OIIaCEHUs, CBA3aHHbIE KaK CO CIIOCOOHOCTHIO
FeHEeTHYECKH MOANGUIIMPOBAHHBIX OPraHU3MOB OKa3aTh HEOJIAronpHUATHOE BO3JECHCTBHE
Ha COXpaHEHHE U YCTOWYMBOE HCIIOJIb30BAHUE OMOJIOTMYECKOT0 pa3HO0Opasus, TaKk
U BO3HUKHOBEHHEM PHUCKOB Ul 310pOBbs ueiaoBeka. CienyeT OTMETUTh, 4TO caM
10 cebe BCTPOEHHBIN T€H HE HECET PUCKOB, OCKOJIBKY COCTOUT U3 MOCIIE0BATEILHOCTH
HYKJIEOTHJIOB, KOTOPBIE OJTMHAKOBBI y BCEX JKUBBIX OPraHU3MOB. [[oTeHIIMaIbHBIE PHCKU
MOTYT BO3HHMKaTh M3-32 HeCIeLM(UUECKOro BCTpauBaHUsl HOBOIO I'eHa B TEeHOME pac-
TEHHUs, T.€. BCTaBKa MOXKET Ipou3oiitu B modoM ydactke IHK. Pe3ynpratoMm BcTaBKU
MOTYT OBITh Kak OlaronpHaTHbIC, TaK U HEXKeNlaTelbHble MocaenCcTBYA. Eciu ayxepoa-
HBII TeH BcTpanBaetcs B oonacts JIHK, koTopast yxe KoaupyeTr Kakou-To r'eH, TO 3TO
MOXET IPUBECTH K €r0 3aMOJIKAHHIO, U, KaK CIIEICTBHE, K IPEKPAILEHUI0 CUHTE3a OIpe-
JIEICHHOTO BEILIECTBA, Yero He JO0JDKHO HaOJI0AaThCs IPU BCTPaWBAaHUM HOBOTO IeHa
B MOJIYaluil y4acToK reHoma. Eciau ncxoaHbiit HeMoAU(pUIMPOBAaHHBIA OpraHu3M,
B KOTOPBIHA TpaHC(HOPMHUPYETCS] HOBBIM I'eH, H3HAYAIBHO 00J1a/1aeT HEe)KeNIaTeIbHbIMU
IPU3HAKAMU, TO IPU UHTETPALMU I'€HA TaKhe CBOMCTBA MOTYT YCWIHThCA. FIMEHHO
[I03TOMY 00sI3aTEeJILHO P OLICHKE PUCKOB JJIs1 3[0POBbS YEJIOBEKA MPOBOAATCS ajljiep-
TOJIOTMYECKHUE U TOKCUJIOTHUYECKUE CIIEUATU3UPOBAHHbIE TECTHI, B TOM YMCIIE UCCIIENI0-
BaHUs Ha JKUBOTHBIX. IIpy 9TOM JUTUTENBHOCTD UCCIIEJOBAHUM Oy/eT yBEIUUYEHA B TOM
cllyyae, eciIM POAUTENILCKUI OpraHu3M, B KOTOPBIN BCTPOCH HOBBIM I'eH, H3HAYAJIbHO
00JajaeT alIepreHHOCThI0, UMEET MOBBIIICHHBIN YPOBEHb aHTHUITUTATEIbHBIX BEILIECTB
(Hampumep, cosl), TaK Kak IpU BCTPOMKE I'eéHa OHU MOTYT YCHIMThCA. Takxke o0s3a-
TEeJBbHOMN ABJIETCs pa3paboTKa MOJIEKYJIIPHOIO METOA, TI03BOJISIOMET0 3GPEKTUBHO
BBISBJISITH U NTPOCJIEKUBATH B JJAJIbHEHIIIEM pacpocTpaHEHHE HA PHIHKE CO3/1aHHOTO
TeHETHYeCKU MOAUGDUIIMPOBAHHOTO OPraHU3Ma U MPOIYKThI, TOJydaeMble Ha €ro oc-
HoBe. B HacTosmee BpeMs B pecityOirke (QyHKIMOHUPYIOT 18 crenuaai3upoBaHHbIX
71a00paTopuil 1O IETETKIMY TeHETHYECKH MOTU(PUIIMPOBAHHBIX OPTaHU3MOB, aKKPEIH-
TOBaHHBIX 10 TOCYJApPCTBEHHBIM WIIM MEKAYHAPOIHBIM cTaHaapram. Jpyras rpynna
MOTEHIMAIBHBIX PUCKOB CBS3aHa C OE30MAaCHOCTBIO HCTIOIb30BaHMS T€HHO-UHKEHEPHBIX
oprann3MoB. [1ockoIbKy NpH BHICBOOOKAEHHH B OKPYXKAIOLIYIO Cpely TPAaHCTE€HHbIE
pacTeHHs HaUYMHAIOT PAa3MHOKAThCS, TO JOJDKHBI OBITh OLIEHEHBI PUCKHU, CBSI3aHHbIE
C MOCJIEACTBUEM IIEPEHOCA TPAHCTEHA MIPU ONBUICHUH JUTS OJIM3KOPOACTBEHHBIX KYJIb-
TYpPHBIX U TUKHX BUJ0B. [loaTOMY pazpabaTbiBaeMble TPAaHCT€HHbIE OPraHU3MBbI B 00s1-
3aTEeIIbHOM MOPSAKE NPOXOAT IKCIIEPTHYIO OLEHKY, IIPEATOIAararolyto pacCMOTPEHNE
BCEX MOTEHIMATbHBIX SKOJOTMYECKUX PUCKOB U PUCKOB JJISI 3/10POBbs YEJIOBEKA, KOTO-
pbI€ MOTYT MOSIBUTHCS B CBSI3M CO BCTPOMKOW KOHKPETHOTO HOBOTI'O T'€Ha M TEM HOBBIM
MPU3HAKOM, KOTOPBII OyieT nposBisaThes. [Ipy BBICBOOOXKAEHUH B OKPY KAIOLIYIO CPELy
TPaHCTEHHBIX PACTEHUH JJOJDKHA OBITh MOJIHAS HAay4yHas yBEPEHHOCTb B OTCYTCTBUU
YTPO3bI CEPHE3HOTO WK HeoOpaTuMoro yiep6oa. I1oaBo 1 UTOT BOIPOCY BO3ZMOMKHBIX
MOTEHLUAIbHBIX PUCKOB, CBA3aHHBIX C MCIIOJIb30BAHUEM OPIaHU3MOB U MPOJYKTOB
TEHHBIX TEXHOJIOTHUIl, XOTEeJIOCh ObI OTMETUTH, YTO BCE NoOyyaeMble B PecmyOimuke
benapych TpaHcreHHbIe TMHUU KapTo(dess MPoXOoAsT UCCle0BaHUs B 1a00paTOPHBIX
YCIJIOBUSIX U Ha OIBITHBIX MOJISIX, COOTBETCTBYIOIUX TpeOOBaHUAM 0€30MacHOCTH.
ITockomnbKy kapTodelns sBISETCS HHTPOAYLIMPOBAHHBIM BUAOM A1t benmapycu, To oTcyT-
CTBYET BO3MOKHOCTb HEKOHTPOJIUPYEMOT0 MepeHoca ero reHeTHYeCKoro MaTepuaia,
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B T.4. U TPAHCI'CHHOT'O, TUKUM BHIaM paCTeHHfI, MMponu3pacTaromuMm B CCTCCTBCHHBIX
6I/IOHCHO3aX. HOTpe6HOCTI> HCII0JIb30BaAHHA I'CHHO-NHXXCHCPHBIX METOAOB CBsA3aHA
C O6OCTpCHI/ICM OHOreHHBIX ArpO3KOJIOrMICCKUX PUCKOB, B CHMKCHHUH KOTOPbIX BA>KHBIM
MOoAXO0A0M ABJIACTCS CTPATCTHA ynpex(z[alomeﬁ HHTpOI’peCCHBHOﬁ CCJICKIIMH, OCHOBAH-
HOM Ha KJIICTOYHO-UHXCHCPHBIX U MOJICKYJISIPDHBIX METOAAX.
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Abstract. Increase in the mean seasonal temperature can reduce the duration of many crops which
may lead to final yield reduction. China needs to cope with the adverse effects of climate change by develop-
ing heat and drought resistant high yielding varieties and cultivars to ensure food security in China. Farmers
should adapt to climate change strategies which integrate traditional experience and indigenous knowledge
with scientific researches and government polices as key factors. Climate change will extend growing seasons
for some crops and make shorter growing seasons for other crops in Northern part of China and will
bring less reliable rains, soils that retain less water, the spread of dangerous pests and unwanted weeds.
The catastrophic consequences of climate change can be avoided if all countries work and cooperate
together towards significant reduction in the emission of greenhouse gases.
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Introduction

China encompasses various climate regimes from northern boreal to southern tropical
and from western arid to eastern and southern humid climate zones. China has played
a crucial role in advancing key elements of the foundations for future development and
the global agenda by taking major steps to advance international cooperation, especially
on climate change.

Materials and methods

This short communication included randomized control experiments, review
articles, observational and analytical designs which have been surveyed in Google
Scholar, Scopus, Research Gate and PubMed by using keywords including climate
change, sustainability and its influence on agricultural production in China. All relevant
papers in both English and Chinese language were searched. All authors screened
the articles first by reviewing related titles, then abstracted and after that going through
the whole manuscripts.

Results and discussion

The climate change scenarios considered in their study, agricultural net revenues
would increase in most regions of China, except for the Northwest, the Southwest and
parts of the Northeast, as a result of the projected increase in temperatures and precipi-
tation levels. Li et al. [1] found that the climate change has a universally negative ef-
fect on Chinese agriculture and implies that a higher flexibility of maize producing
timing and a better regional adaptation to climate change in Southwest region could
offset or even to outweigh the potential reduction of maize production in Northeast
region. Chen et al. [2] revealed that climate change would have major negative impacts
on crop production, particularly for wheat in northern China, rice in South China and
maize across the major cultivation areas due to a decrease in crop growth duration and
an increase in extreme events. Tao and Zhang [3] concluded that a moderate increase
in mean temperature and the increase in solar radiation would promote the yield increase
by enhancing crop canopy photosynthesis and consequently biomass accumulation and
yield. Zhu et al. [4] mentioned that a question relevant for the world as a whole is how
the development of Chinese food consumption and production, given future socio-eco-
nomic changes and climate change, will impact on the country's net crop trade and
related net virtual water trade. Wang et al. [5] stated that the increase in effective irriga-
tion by upgrading the irrigation system would help to maintain the current production
of maize level, but in the long run, the maize cultivars need to be introduced in line with
the future warming climate. In order to sustain agriculture industry, the Chinese
government should take measures on environmental pollution and degradation, climate
change and replace with new policies with the environment and ecology-friendly agri-
cultural technologies. Li et al. [6] reported that western China was the most vulnerable
area, where climate sensitive dry land agriculture was the primary economic activity.
The Loess Plateau is a home to an estimated population upwards of 108 million, of which
more than 70% are reported to be living and working in agricultural areas. Notable
climate change has been observed on the Loess Plateau in recent decades, with air
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temperature rising by 0.6 °C and annual precipitation decreasing by 3 mm per decade.
Jiahua et al. [7] concluded that was is necessary to clarify development-oriented and
incremental adaptation to climate change in China. Li et al. [8] explained that the expan-
sion of maize was closely related to warming, although some variation in the distribution
was noticed across zones in relation to the warming, indicating that maize in northeast
of China have adapted successfully to the climate change. Yan et al. [9] claimed that
by 2030, climate change was projected to increase water supply and demand gap for
irrigation in Northeast China, and due to the increase in water scarcity, irrigated areas
would decrease, and the cropping pattern would be adjusted by increasing maize sown
areas and decreasing rice sown areas, and as a result, the total output of crops and
profits would clearly be reduced. Wang et al. [5] reported that the government's major
efforts should be in the developing new technologies, reforming extension system and
enhancing institutional capacity, and farmers should adapt to climate change, but their
adaptation measures can not fully offset the negative impacts of climate change. Options
for adaptation to climate change include no action and accepting crop loss associ-
ated with the reduction in evapotranspiration or breeding new cultivars that would
maintain or increase crop productivity and result in an increase in evapotranspiration.
Chen et al. [10] found recently that climate change negatively impacted corn and soybean
yield; they also stated that the effects of climate change on corn and soybean yields
followed an inverse U shape, increasing up to a key temperature threshold and then
decreasing thereafter, with thresholds of an average growing season temperature at 29 °C
for corn and at 28 °C for soybeans. Wang et al. [11] mentioned the impacts of climate
on Hunan Province crop yields, decomposing effects into three components: trends,
annual fluctuations, and extreme events. Kan et al. [12] proved that climate change
was expected to have a positive impact on the growth of Chinese fir in the Fujian region
of China. Guo et al. [13] indicated that, warming of climate in Northeast China was
expected to impact negatively spring maize production, especially in Liaoning province;
in their view, spring maize cultivation would likely need to shift northward and expand
eastward to make efficient use of future agricultural climatic resources. Ecosystems
in northern and western parts of China are more vulnerable to climate changes than
those in eastern China, while ecosystems in the east are more vulnerable to land use
changes other than climate changes. Cropping systems based on biodiversity and sus-
tainable soil management and using less chemical inputs could result in a satisfying
compromise between food production, adaptation and mitigation to climate change.
Future climate change may have very different effects from the past climate change
since future climate changes are expected to be much larger. Considering climate change
and population growth, water shortages will become more serious in northern areas
such as Qinghai, Shanxi, Shaanxi, Ningxia, Xinjiang and Gansu. Guo et al. [14] noticed
that the climate change had a significant adverse impact on climatic potential productivity
of maize from 1961 to 2010 in China. According to Yu et al. [15] research, the rice yields
in China are predicted to decrease in the 2040s by 0.22 t/ha due to climate change,
to increase by 0.44 t/ha due to a constant growing season and to increase by 1.65 t/ha
due to CO, fertilization. They do believe that the benefits of crop adaptation would
completely offset the negative impact of climate change. Advanced inter-regional con-
tracts and cooperation of policies to stabilize regional agricultural labour force could be
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a cost-efficient risk mitigation strategy to mitigate the potential reduction of overall
national maize production [16—26]. China's surface air temperature will continue to rise,
with northern areas set to experience a greater increase than those in the south. Precipi-
tation variability will increase, and extreme weather events will intensify. Extreme cold
spells will begin to decline in China, whilst extreme hot weather will increase. The north-
eastern, northern and north-western parts of China will experience hotter and drier
summers, displaying clear signs of aridification. On the other hand, Central, eastern
and southern China will experience markedly wetter summers but drier winters. Drier
winters will be especially noticeable in southern China where summer floods and winter
droughts will occur alternately. It remains necessary for local farmers to build a system
of adaptive climate change strategies that combines traditional experience and indigenous
knowledge with scientific researches and government polices as key factors.

Conclusions

As China is a leader in shaping the global agenda of sustainable development and
managing climate change, it can be also an important leader in driving forward the new
growth to overcome poverty, confront climate change and address natural resource and
environmental challenges. Climate change may cause reduction in crop yields and agri-
cultural productivity, increase cost of food distribution, increase pest attacks, limit
the availability of water, exacerbate the drought periods, reduce soil fertility, decrease
livestock productivity and increase production cost, decrease health profile population,
and increase tensions and conflict in different regions. Some activities like agricultural
activities such as rice production, synthetic fertiliser use, livestock rearing, change in land
use patterns such as deforestation and waste disposal have contributed to the increased
atmospheric concentration of greenhouse gases. Climate change can lead to discern
potential regional imbalances between supply and demand of agricultural products.
With increasing of negative influence of climate change on agricultural production,
a crop yield may decline which can lead to increase in agricultural product prices and
finally, it may cause malnutrition. Strategies such as water-saving plans, water rationing
and recycling of contaminated water with engineering projects can be implemented
in China. Although, climate change may bring both positive and negative effects on agri-
cultural production in China, but negative influence tend to dominate. Agricultural crop
production systems are extremely sensitive to climate changes such as changes in tem-
perature and precipitation which can lead to increase in number of pests and diseases,
thereby reducing harvest index and finally affects the food security of Asian countries,
especially China. Improving water productivity and keep sustainable relations with envi-
ronment may decrease the adverse effect of climate change. In future, China should
reduce the pressure on land and the resulting greenhouse gas emissions. The global
cooperation is important for China to cope with the adverse impacts of climate change
on food security and safety. Developing a strategy for food security may enhance
availability through various climate agricultural responses and enhance sources for
progress. The future researches in China should be for a better understanding of the re-
sponses of crops to changes in climate and influence of climate change on agricultural
products, diseases, pests, and atmospheric constituents.
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n BeaAeHue yCTOMYUBOIro CEeNbCKOro Xxo3amcrea
C y4eTOM namMmeHeHus knumarta B Kutae
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2JTa6opartopus duxcamuu azota, Uncturyt Ly, Yorcoysan, Kumail
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Annortanus. [IpuBenen kpatkuii 0030p HCCIIETOBAaHUN KIIMMATUIECKUX M3MEHEHUH M UX HETaTHB-
HOTO BIIMSTHHSI HA PaCTEeHHEBOJICTBO B perroHax Kutas. [loBreimienne mokaszareneii cpeqHel TeMIeparypsl
B TEUEHHE CE30HA MOKET MOBIHUATH Ha MPOJOJDKUTENEHOCTh BETETAMN MHOTHX KYJIBTYD, BBI3BaB TEM
caMBIM CHIDKEHHE ypoxkaitHOCcTH. B ceBepHo#l yactn Kutas yBenwmdauTcst mpoaobKATETFHOCTh BEreTarm-
OHHOTO MEPHOJIAa Y OJHUX KYJIBTYP U COKPAaTHTCA Y Apyrux. Kpome Toro, n3MeHeHHs KOCHYTCS M KOJIHIe-
CTBa 0CAJIKOB, YBJIXXHEHHOCTH T10YB, PACIPOCTPAaHEHHUS ONACHBIX BPEIUTEICH U COPHIKOB. Pe3ynbTarTsl
aHaJIM3a UCCIIE0BaHUI 000CHOBBIBAIOT HEOOXOAUMOCTh Pa3padOTKH KAPOCTOUKUX U 3aCyXOyCTONYMBBIX
BBICOKOIIPOAYKTHBHBIX COPTOB U COPTOB, CIIOCOOHBIX 00ECHEUUTh MPOJIOBOIBCTBEHHYIO 0€30MaCHOCTD
cTpaHbl. PeKOMeHIyeTcsl aJanTHpoBaTh (epMEepPCKUe XO3SICTBA K CTpaTerusM, oObeAUHSIONMM TPa/Iu-
LIMOHHBIN OMBIT ¥ 3HAHUsI KOPEHHBIX HAPOJIOB C HAYYHBIMHU MCCJIEOBAaHUSIMU U FOCYIapPCTBEHHOM IMOJIH-
THKOM, B KAYECTBE KITIOYEBOTO (JaKTOpa YCHEUIHOT0 MPEOA0JIeHUSI He0IaronpusATHBIX MOCJEICTBHHA
n3MeHeHus kmmara. OTMedeHa BaKHEHIas pojib COTPYJHUYECTBA BCEX CTPAH B LIENSX 3HAYUTEIIHLHOTO
COKpaIllleHHsI BEIOPOCOB ITAPHUKOBBIX Ta30B.
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Abstract. Potato (Solanum tuberosum L.) is one of the most vital food and industrial crop and
Ditylenchus destructor is an influential pathogenic potato nematode and is quarantine pest in many states
and territories. As a result, the polymerase chain reaction (PCR) protocol was optimized to identify Ditylen-
chus destructor reliably and rapidly. The species-specific internal transcribed spacer (ITS) was used as
the primer of the D. destructor ribosomal DNA gene. Some populations of this species from the Moscow
region in the Russian Federation were investigated through species-specific primer PCR. New sequence
from ITS-rRNA was deposited in the GenBank under accession number MN122076. The current molecular
technique is more appropriate to distinguishing of nematode species, since it is practical, fast and precise.

Key words: Potato, diagnosis, Ditylenchus destructor, PCR Species-Specific, nematode, ITS
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Introduction

Potato is assaulted by several nematodes, belonging to different species which can
sustain and duplicate on tubers causing immediate and circuitous misfortunes [1]. Major
nematode species of potato include Globodera spp., Meloidogyne spp., Nacobbus
aberrans, Ditylenchus spp, and Pratylenchus spp. [2]. Several other nematodes species
are also associated with potato, however, their monetary significance has not been
appropriately evaluated [2]. Some nematode species recently viewed as non-harming
to crops are ceaselessly announced as a risk to trim creation because of the impact
of environmental change [3] and fluctuating trimming designs [4]. The genus Ditylenchus
(Nematoda: Anguinidae) involves numerous cosmopolitan species and is known to have
the most stretched out effect on agriculture [5]. Ditylenchus destructor is regularly
alluded to as the potato tuber decay nematode, which is far-reaching and significant
in cool and sticky situations [6, 7]. As per (EPPO, 2007) [8], potato rot nematode is
accounted for to be available in over 70% of the part nations of the association in the
European domains. Potato decay nematode may spread by the material planted as well
as utilizing water system water. It has been demonstrated that it has general inclination
to cause harm in colder and increasingly damp territories (EPPO/CABI,1997) [9]. On the
other hand, the general isolate guidelines against the potato decay nematode in European
regions have been nullified, as it was expelled from EPPO quarantine list in 1984, due
to its extremely wide circulation in the area (EPPO, 1987, 1988) [9]. Thusly, there is an
expanding request by nematode taxonomists to survey these nematodes with various
points. One of the points is to grow new apparatuses for agronomic administration and
to address the isolate guidelines prerequisites [10, 11]. Exact recognizable proof
of D. destructor is significant for the screening of plant germplasm to reproduce and
improvement of safe cultivars. Rather than morphometric information, nematode ID
utilizing various molecular apparatuses gives precise and quick personality of species
under examinations. The European and Mediterranean Plant Protection Organization
(EPPO) offers an analytic convention for D. destructor (EPPO, 2008). The current
method recommended by the EPPO for diagnosis of D. destructor was developed
by Marek et al. [12]. Aim of the present study was to use a fast and affordable PCR-based
diagnostic method capable of the unambiguous identification of D. destructor.

Materials and methods

DNA extraction. Nematodes were extracted from potatoes (Solanum tuberosum L.)
collected in Russia, Moscow region. Several nematode specimens from the population
were put into a drop of water and cut by a scalpel under a camera-equipped ZEISS
Axioskop50® microscope. DNA extraction from the material in this research was laid
out by treating the specimens with Proteinase K that was followed by removing proteins
with no extraction with organic solvents. For this purpose, a DNA-Ekstran-2 set
No EX-511-100 (Synthol, Moscow) was used.

PCR with species-specific primer. The species-specific PCR reaction was per-
formed with samples (final volume 25 pl), containing 5 ul of 10X reaction buffer, 0.6 pl
of each primer (DIT des R, DIT uni F), 13.8 pl sterile distilled water and 5 pul DNA.
Amplification conditions for the reaction were as follows: denaturation for 3 minutes
at 95 °C; 35 cycles at 95 °C for 30 seconds, 64 °C for 30 seconds and 72 °C for 30 seconds;
a final extension at 72 °C for 5 min.
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Sequence analysis. Sequencing was done by the generally accepted protocol with
the use of Genetic Analyzer AB-3500 (Applied Biosystems, USA). Primary comparison
for the results of the sequence with the GeneBank genetic sequence database was per-
formed by the NCBI BLAST web site (http://www.ncbi.nlm.nih.gov/BLAST). BioEdit
v.7.0.5.3, sequence alignment editor was used for sequence checking, alignment, and
editing. Pairwise genetic distances between the sequences were recognized by Kimora’s
two-parameter model. The new sequence obtained in the present study was submitted
to the GenBank database under the accession numbers MN122076.

Results and discussion

Identification of plant parasites that adversely influence agro financial matters is
a significant issue for compelling yield insurance. Specifically compelling are those pests
that ought to be dispensed with or contained attributable to their isolate status, which
forces a flat out lawful commitment in the European Union to restrict and eradicate plants
infested with such pests. In this research, we built up the species-specific primer for
indication of Ditylenchus destructor (Fig. 2). The primers were tested with samples
from the Moscow region. PCR with species-specific primer was produced for separation
of D. dipsaci and D. gigas utilizing species-specific SCAR or ITS-rRNA primers [12—
15]. The results of the present investigation demonstrate extraidentification of D. destruc-
tor from different types of this genus by a PCR species-specific method. To improve
interpretation of results, high-resolution agarose gels can be utilized during electro-
phoresis. Given the lengths of the D. destructor ITS1 sequences change significantly,
seven haplotypes exist; the main accessible strategies that possibly can separate among
the haplotypes are those of Subbotin et al. (2005) [14, 16] and Liu et al. (2007) [17, 18].
Respect to the explicitness, affectability, and speed, the portrayed indicative conventions
can be utilized for discovery purposes by phytosanitary diagnosticians to limit the spread
of destructive Ditylenchus species during fare and import of plants and plant items.
On account of the wide host scope of Ditylenchus, the utilization of species-specific
PCR indication ought to quicken screening for it during the exchange.

A B (o

Fig. 1. Micrographs of diagnosing characteristics for nematodes found in potato tubers:
A —Male bursa and tail; B — female vulva, Anus and tail; C — head and stylet
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Fig. 2. Gel with amplification products obtained in PCR with species-specific primer.
Lanes: M = 100 bp DNA ladder (Promega); K- = control without DNA

Conclusions

In summary, the analysis of ITS-TRNA gene from several destructor samples col-
lected in the Moscow region with species-specific PCR primer allowed us to confirm
their species identification and suggest the effective and rapid distinguishing technique.
These results will be especially important for accurate detection of Ditylenchus spp.
which will have implications in the development of resistant cultivars. Although the com-
parison of the sequence obtained from this study with Genbank has shown 98 percent
similarity with species D. destructor in the world that is a good indicator for our identity.
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Annoranus. Kaprodens Solanum tuberosum L. — onHa u3 HanOosiee BaXKHBIX ITPOIOBOJILCTBEHHBIX
U TEXHUYECKUX KyJbTYyp, a Ditylenchus destructor sBIsieTCsl HAaTOTEHHOI HEMATOIOH KapTodelis U YUCIUTCS
B KauecTBe KapaHTHHHOTO BPEIHOTO OpraHM3Ma BO MHOTUX CTpaHaX M pernoHax. [lostomy ObLT onTUMH-
3MPOBaH MPOTOKOJ nosumepasHoi nernHoi peakiuu (ITHP), koTopslit Hage:)KHO U OBICTPO HIACHTU(H-
mupyer nectpykrop Ditylenchus. Bunocnenuduunsiii BHyTpenHuit Tpanckpubupyemsiii cneiicep (ITS)
HCTIOJIb30BAJIM B KauecTBe mpaiimepa rena pudocomanshoi JITHK nectpykropa Ditylenchus. HekoTopsie
HOMYJIAILY 3TOr0 BUJa B MOCKOBCKOM 00J1acTH ObUTH UCCIIE0BaHbI C IOMOUIBIO BUAOCTIEU(DHIECKOro
npaiimepa I1IP. HoBas nocnenoBarensHocTs U3 ITS-pPHK Obina nenonupoBana B GenBank non uHBeH-
TapapIM HOMepoM MN122076. CoBpeMeHHast MOJIEKYIISIpHAST TEXHUKA JTyHIIe TOAXOIUT ISl Pa3IHIeHHS
BUJIOB HEMATO/, IOCKOJIbKY OHa IPaKTU4Ha, OBICTPa U TOYHA.

KuaroueBble ciioBa: kaprodenb, qarHocTuka, Ditylenchus destructor, Bumocrieniudpuieckuii npaimep,
HoNuMepasHas LielHasl peakiys, HeMaTo/1a, BHYTPEeHHUH TpaHCKpubupyeMslii cielicep, ITS
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Abstract. Natural and climatic conditions of the green zone of Nur-Sultan (Kazakhstan) are un-
favorable for tree and shrub species due to low soil fertility, sharply continental climate and other factors.
The purpose of the research was to choose an assortment of stable introducents for Nur-Sultan green zone.
The monitoring of growth and condition of artificial plantations included the selection of an assortment
of stable coniferous introducents. The objects of research were coniferous introducents, which were planted
in 2011 as container annual seedlings and three-year-old seedlings with open root system. According
to the results of observations of conservation, taxation indicators and condition of artificial plantations,
it was revealed that for the soil and climatic conditions of the research region, Picea nigra and Picea sibirica
turned out to be the most adapted. Quercus robur was also characterized by good growth, but in the first
years after planting, it was significantly damaged by late spring frosts and rodent ingestion. Larix sibirica,
despite the fact that most of its plants died in the first years after planting, has adapted to soil and climatic
conditions now and grows well enough and has a satisfactory condition. The safety of introduced plants
planted with annual seedlings with a closed and open root system was practically the same and at the age
of 8 it was 62.6 and 64.9%, respectively. It was revealed that it is better to plant crops with older seedlings
(3—4 years old), because cultivation of annual seedlings with closed root system requires large financial
and labor investments due to prolonged manual care. Therefore, to create artificial plantations in the green
zone of Nur-Sultan, Picea sibirica, Picea nigra and Quercus robur can be recommended. When growing
them, it is necessary to carry out thorough agro-technical cares and protection from rodents.

Key words: suburban forests, coniferous introduced species, conservation, growth
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AnHoTtanus. [IprpoHO-KIMMaTHIECKUE YCIOBHUS PACTIONOKEHUS 3eJIEHOro nosica cronuns! Kazax-
crana ropona Hyp-CynraH sBISIIOTCS HEONAronpusITHEIMA TSl TIPOU3PACTAHUS IPEBECHBIX M KYCTapHHKO-
BBIX TOPOJI M3-32 HU3KOH IJIONOPOJHOCTHU IOYBBI, PE3KO-KOHTHHEHTAIBHOTO KJIIMMaTa U IPYruX (pakTopoB.
Ienb uccaenoBaHii — BBIOOP aCCOPTUMEHTA YCTOHYHMBBIX HHTPOAYIIEHTOB B 3eJicHOM mosice T. Hyp-
CynraH. B 3agaqy MOHHTOpHHTA POCTa M COCTOSIHHS MCKYCCTBEHHBIX HAaCaKJIEHHH BXOAWII BEIOOP accop-
TUMEHTA YCTOMYMBBIX XBOWHBIX HHTPOAYIIEHTOB. OOBEKTaMU UCCIIEJIOBAHUN OBUIH JIECHBIE KYJIBTYPHBI
XBOWHBIX HHTPOAYIIEHTOB, TTocaykeHHBIE B 2011 T. OIHOIETHUMH CeSTHIIAMU C 3aKPBITON KOPHEBOI CHCTEMOM
(3KC) u TpexJIeTHUMH CesHIIaMH ¢ OTKpbIToN KopHeBo# cuctemoit (OKC). Tlo pesynbTatam HaOmOACHHUN
32 COXPAHHOCTBIO, TAKCAIIMOHHBIMHU TIOKA3aTeNSIMA U COCTOSIHUEM HCKYCCTBEHHBIX HAC)XKICHUH BBISBIICHO,
YTO IS TIOUBEHHO-KIIMMATHYECKUX YCIOBHI PEernoHa MccieoBaHuil Hanbosiee MpUCIoco0IeHHBIMU OKa-
3aJTICh HHTPOIYLEHTHI poaa Exp — enb yepHas u cubupcekast. Tarxoke XOpOIIUM jKU3HEHHBIM COCTOSTHHEM
XapaKTepU30BaJICs Iy0 YeperrvaTslii, HO B EPBbIC TOJIBI MTOCIIE TIOCAIKH OH TIO/IBEPrajcsi 3HAUYNTEILHBIM
TIOBPEXICHUSM 03JHEe-BECEHHUMH 3aMOPO3KaMH U 00BEeJaHUIO TphI3yHaMH. JIUCTBEHHHIIA CHOUpPCKas,
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HECMOTPsI Ha TO, YTO OOJIBIINHCTBO PACTEHUM MOTrUOJI0 B EpBbIE OB IOCIIE IOCAKU, B HACTOSIIEEe
BpeMs IPUCTIOCOOMIIACh K MOYBEHHO-KIMMATUUECKUM YCJIOBHSAM U JIOCTATOYHO XOPOIIO PacTeT U UMeeT
YIOBJIETBOPUTENbHOE cOCTOsiHUE. COXPaHHOCTh MHTPOMYLIEHTOB, IIOCAKEHHBIX OJHOJIETHUMH CEsSHLAMHU
C 3aKPBITOI U OTKPBITON KOPHEBOH CUCTEMOM, NPaKTUYECKU HE pa3nuyanach U B §-IE€THEM Bo3pacTe
COCTaBWJIa COOTBETCTBEHHO 62,6 u 64,9%. BbIABIEHO, UTO JIyullle BBICAXHBATh KYJIBTYPhl CESHLIAMU
Oosee crapiiero Bo3pacta (3—4-JIeTHUMH), TaK KaK BbIpaluBaHue ogHoneTHuX caxeHieB 3KC tpebyer
6omnbIINX (PUHAHCOBBIX U TPYAOBBIX BIOXKEHUH M3-3a MPOJODKUTENIBHBIX PYYHBIX YX010B. CliejoBaTebHO,
JUISL CO3JIaHUSI UCKYCCTBEHHBIX HacaXJeHUH B 3eseHoM nosice I. Hyp-CynraHa MOXKHO peKOMEH10BaTh
eIlb CHOMPCKYIO, €11b YepHyIo U Iy0 depenrdarsiil. [Ipy ux BBIpamIBaHNN HEOOXOIUMO MPOBOIHTH TIIA-
TeJIbHBIC aTrPOTEXHUUECKUE YXObI U 3aLUTY OT IPHI3YHOB.

KiioueBblie ciioBa: IIPpUTropoOJaHBIC Jieca, XBOUWHBIC HUHTPOAYUEHTBI, COXPAHHOCTb, POCT

HNudopmanust o BKIage KaKIOro aBropa. Ydactre aBTopoB: KabanoBa C.A. — aHaNM3 MONy4eH-
HBIX JIaHHBIX, HaNKMcaHue Tekcta; JlanueHko M.A. — aHajM3 MOJYYEHHBIX JAHHBIX, HAIICAHUE
tekcta, KabanoB A.H. — cOop u 06paboTka MaTepuanoB, XaceHoB A.A. — cOOp MaTepHaloB.

Baaronapuoctu. ABTOpHI BRIpaXKaroT OnarogapHocTh cotpynankaM KasHUMJITXA, nprHIMaBIIM
yuactue B padore: B.A. boprosy, U.C. Kogeraposy, I1.®. [IlaxmaTtoBy.

HNudopmanus o punancupoBannu. Vcrounnkom GpuHAHCHPOBAHUS HAYYHOH pabOTHI SBISACTCS
TOO «ActaHa opMaHBD».

Hndopmanus o kondmKTe HHTEPECOB. ABTOPBI FAPAHTHUPYIOT, YTO KOH(IIMKTA HHTEpecoB (puHaH-
COBBIC OTHOLICHUS, CITy>k0a MM paboTa B yUPEXKACHUIX, UMEIOIINX (PMHAHCOBBIA WITH MOJMTHYECKUH
UHTEpeC K IyOIMKYeMBIM MaTepraiaM, JODKHOCTHBIE 00S3aHHOCTH U JIP.), CIOCOOHOTO MOBIUATH
Ha aBTOPOB PYKOIHCH U IPUBECTH K COKPBITHIO, HCKKEHHUIO JAHHBIX, WM U3MEHUTh UX TPaKTOBKY
HE MMEeTCH.
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[octynuina B pepakmmro 16 oxtsa6ps 2019 r. [Ipunsra x myomukarwm 20 Hosi0ps 2019 T.

Jns nurupoBanusi: Kabanosa C.A., Kabanos A.H., Xacenos A.A., [lanuenko M.A. Hayaroe corpo-
BOJKJICHHC MPOM3BOJCTBEHHBIX OIBITOB B JICCHBIX KyJIbTypax 3eyicHoro mosica r. Hyp-Cymiran //
BectHuk Poccuiickoro yHuBepcutera Apyx0b1 HapooB. Cepusi: ATpOHOMUS U KMBOTHOBOJICTBO.
2019.T. 14. Ne 4. C. 437—452. doi: 10.22363/2312-797X-2019-14-4-437-452

Introduction

Suburban forests in green zones around cities and other settlements have undeniable
benefits — they reduce the influence of adverse weather and environmental factors,
improve the aesthetic situation, are used as recreation for population and perform many
other functions [1—3]. Therefore, great attention is paid everywhere to the creation,
conservation, and reconstruction of suburban forests [4—6]. The climatic conditions
of Nur-Sultan (Kazakhstan) are unfavorable for tree and shrub species due to the low
soil fertility, sharply continental climate and other factors [7, 8]. For these reasons, large
labor and financial costs are required for creation, maintenance and survival of artificial
plantings of the suburban zone, and because of soil salinity, inclusion of salt tolerant
plants in the assortment is necessary [9]. Kazakh Research Institute of Forestry
and Agroforestry, jointly with Astana ormany company, participates in the laying and
monitoring of scientific and production experiments in artificial plantings of the green
zone [10, 11].
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The aim of the research was to determine the most appropriate wood species
introduced into the green zone of Kazakhstan capital that are most adapted to adverse
soil and climatic conditions. Monitoring the growth and condition of artificial plantations,
they solved the problem of choosing an assortment of stable coniferous introducers.

Materials and methods

The objects of research were forest crops of coniferous introducents planted in 2011.
Coniferous introducers were obtained from Russian nurseries in the form of one- and
three-year-old seedlings with open and closed root system. Annual seedlings of Siberian
spruce was planted with open root system, and seedlings with closed root system were
3—4 years old. In addition to introducers, native Pinus sylvestris seedlings were planted
in Nur-Sultan.

Monitoring was carried out on permanent trial plots laid in the most representative
places of forest crops. Each sample had at least 200 trees, for which continuous obser-
vations were made. Quantitative traits were measured: the height of the trees was
determined with a measuring rod with an accuracy of 1 cm, the trunk diameter — with
a vernier caliper with an accuracy of 0.1 cm. In introduced crops that did not reach
a 2 m height, the stem diameter was measured at the base of the root neck and for trees
above 2 m — at an altitude of 1.3 m [12, 13].

Fruiting and condition of trees was visually determined by a 5-point system,
the highest score was assigned to trees with the highest bearing and the best condition.
Survival of crops was calculated as the ratio of number of living to the number of dead
trees, so 50% of doubtful trees related to the dead ones, and 50% — to living trees.

Results and discussion

In 2019, the average survival of coniferous introducers planted with annual con-
tainer seedlings varied from 19.6 to 62.6%. Engelman spruce had a large number of
dubious trees, which indicated instability of plants state. Siberian spruce was the best
preserved (62.6%), and only 0.3% of dubious trees were observed, the rest of the plants
were in good condition (4.2 points). This year's (2019) Balsam fir died completely;
in 2018, its survival was 8.8%. Weak growth and a large dying-out of Balsam fir was
noted immediately after planting.

Siberian spruce is the leader among coniferous introducers with open root system,
whose survival continues to remain at a high level (64.9%) this year. The lowest survival
index (16.5%) was found in Siberian fir. The examination revealed it was highly exposed
to solar radiation (burned needles), in some cases leading to plant death. The introducent
Siberian larch and native Scots pine (open root system) had low survival level — 28.1
and 23.4%, respectively.

Survival of Common oak (open root system) was 1% higher than in 2018 and
amounted to 88.4% in 2019, which was associated with overgrowth renewal of seedlings.
A large number of dubious trees of Common oak is associated with rodent trunks
damage and late spring frost influence.

When comparing the average survival of seedlings, it was higher for open root
seedlings (44.3%) than for closed root seedlings (35.8%) (Table 1).
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Table 1
Average survival of forest species in Nur-Sultan green zone
Species Number of plants Survival, %
total alive dead doubtful
Closed root seedlings
Abies balsamea 224 0 0 0 0
Picea engelmannii 2126 1126 961 39 53.8
Picea pungens 5367 2294 3045 28 43.0
Picea nigra 1784 350 1434 0 19.6
Picea obovata 989 618 369 2 62.6
average 35.8
Open root seedlings
Picea obovata 8713 5647 2788 11 64.9
Pinus sylvestris 5657 1302 4312 43 23.4
Quercus robur 4 451 3915 375 43 88.4
Abies sibirica 2195 279 1916 0 16.5
Larix sibirica 2741 769 1967 5 28.1
average 44.3
Table 2
Growth of forest species in Nur-Sultan green zone
Diameter, cm Height, cm Growth, cm
Species
Xtm V, % Xtm V, % Xtm V, %
Open root seedlings
Pinus sylvestris* 3.2+0.1 41.3 246.8+7.0 34.6 39.1+£141 35.5
Abies sibirica 1.9+0.08 43.0 82.4+3.8 47.4 154+1.1 73.0
Picea obovata 1.8+0.04 40.5 154.8+£2.0 24.6 31.2+0.7 40.6
Larix sibirica* 2.3+0.07 42.6 243.8+4.7 27.3 47.7+1.0 29.9
Quercus robur* 2.6+0.06 441 278.6+6.2 38.4 46.7+1.3 38.0
Closed root seedlings
Picea nigra 2.0+0.05 34.2 138.3+£3.5 31.6 28.8+£1.3 53.9
Picea engelmannii 2.3+£0.04 29.4 121.5+2.6 32.9 26.0+£0.6 37.3
Picea pungens 1.9+£0.04 39.9 115.6+£1.9 36.0 24.3+0.6 55.2
Picea obovata 1.0+0.06 43.4 138.7+4.8 35.0 33.0+£1.2 37.5

Note: *diameter was measured at 1.3 m height.

Although the survival of black spruce was low, its condition was generally satis-
factory (3.9 points). In addition, this species had fruiting. The number of cones per 1 plant
ranged from 3 to 45. The cone sizes averaged 2.0...2.5 cm in length and 1.3...1.5 cm
in diameter. The fruiting trees had a very decorative appearance due to red-violet color
and beautiful shape of cones. The first fruit bearing was noted in 2018, at the 7th year
of growing.

Consider the data on height, growth and diameter of introduced trees planted
with open root system (Table 2).

Among coniferous open root introducers, Siberian larch had the largest diameter
and height — 2.3 and 243.8 cm in 2019, respectively, the trees were in good condition.
The growth of all coniferous introducers and Scots pine varied at a very high level
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in diameter (coefficient of variation V" was 40.5...43.0%) and at high and very high level
in height (V' = 24.6...47,4). Siberian fir trees differed in height most of all the trees.
The height of the Common oak, as a faster-growing breed, averaged 278.6 cm and
an average diameter of 2.6 cm, but was also a strong differentiation of trees in growth.
Common pine, as more adapted to the local conditions species, had good growth indi-
cators both in height and in diameter.

Among the crops planted with closed root, Black spruce and Siberian spruce
prevailed in height, and had the similar characteristics. Engelman spruce with a small
height (121.5 cm) had the largest diameter (2.3 cm), which was associated with biological
characteristics of the species. Prickly spruce lagged behind other spruce species
in height, but was slightly inferior to Black spruce and Engelman spruce in diameter.

Comparing Siberian spruce, trees planted with closed root lagged by 10.4%
in height and 44.4% in diameter compared to open root trees. But on the basis of the data
obtained, it is impossible to draw a conclusion about the priority of planting seedlings
with open root, since the biological age of seedlings in plants differs by 2 years.

Since growth indicators vary significantly, an analysis of the minimum, maximum
and average values was carried out (Table 3).

Table 3
The limits of the values of the growth of introduced forest species
Limits
Diameter, cm Height, cm

Species X ° X X X ° X X

cl|l 2l gl 2l x|2lc| |2 2] x| 2

= = o = © = = = o = ] =

E|l 5| 8| §|E|§|E| § o g E g

> < > > > © > >

] g g g ] ]

Open root seedlings
Pinus sylvestris 0.7 | 48.6 | 3.0 | 509 | 6.0 | 0.6 | 90 | 46.9 | 215 | 52.6 | 450 | 0.6
Abies sibirica 051|528 |19 |463 |36 |09 | 20 | 58.3 | 82 | 40.7 | 235 0.9
Picea obovata 041|472 |18 | 525 |51|03]| 70 | 56.3 | 155 | 43.4 | 275 0.3
Larix sibirica 04 | 535 |23 |450 |51 | 15| 67 | 48.0 | 240 | 51.5 | 430 0.5
Quercus robur 0.3 |603 |27 (394 |70|03]| 60 | 552|280 5.1 580 | 39.7
Closed root seedlings

Picea nigra 0.6 399 |20 |595|36|07| 30| 44.1 | 140 | 553 | 240 | 0.7
Picea engelmannii 07| 265 |20 | 731 |40| 04| 25 | 50.4 | 120 | 48.7 | 230 0.9
Picea pungens 0.3 |51.8|20|480 |46 |02|95| 484 |115| 51.4 | 225 0.2
Picea obovata 04| 377109604 | 25|19 | 52 | 51.7 | 140 | 47.4 | 240 0.9

In coniferous open root seedlings, the minimum and average height were found
most often, plants with a maximum height — from 0.3 to 0.9%. Only in Common oak
trees with a maximum height (up to 580 cm) were found in 39.7% of the total number
of measured trees.

In all coniferous introducers with closed root system, height of plants refers

to the minimum and average indicators, number of plants with maximum height
15 0.2...0.9%.
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Introducers are observed from their planting. Figures 1 and 2 clearly show the
growth dynamics in height of all the studied tree species. Starting from the second year
of life, open root seedlings of Common oak exceeded all other seedlings in height. Native
Ordinary pine ranked the second place in growth. Siberian larch, significantly lagging
in growth from Ordinary pine, has so far caught up with it in height, which has increased
by 35%. The same sharp jump was observed in the period 2014—2015, then height
of Siberian larch increased by 43.2% and by 56% in Common oak. The height of Siberian
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spruce varied according to the research years within 21.5...26.7%, in 2019 its height
increased by 33.5%. This is primarily due to the weather conditions in 2019, when
there were many rainy days with high air temperatures. In addition, the plants success-
fully survived post-planting stress and local acclimatization.

Two Spruce species — black spruce and Siberian spruce — grew almost identically,
Engelman and Spiny spruce slightly lagged behind the above species in height. More-
over, Engelman spruce up to this year lagged behind other species, and now it is equal
in height to them.

Conclusion

According to the results of observations of survival, taxation indicators and state
of artificial plantations, it was revealed that for the soil and climatic conditions of the
research region — green zone of Nur-Sultan city, the most introduced species were
the Black and Siberian spruce species. Common oak was also characterized by good
growth and vitality, although in the first years after planting it underwent significant
damage by late spring frosts and rodents. Siberian and Balsam firs were characterized
by weak growth, low survival rate and vitality. Siberian larch, despite the fact that most
plants died in the first years after planting, has now adapted to soil and climatic condi-
tions and grows well enough in satisfactory condition. The survival of Siberian spruce,
planted with one-year-old seedlings with closed root and three-year-old seedlings with
open root, at 8 years of age was 62.6 and 64.9%, respectively. Although the growth and
survival of spruce trees planted with different types of planting material varied minimally,
it is better to plant crops with older seedlings (3—+4 years old), since the cultivation
of annual closed root seedlings requires prolonged manual care with large financial and
labor investments. Therefore, Siberian spruce, black spruce (3—4-year-old seedlings)
and Common oak (1—2-year-old seedlings) can be recommended to create artificial
plantations in green zone of Nur-Sultan. When cultivating them, it is necessary to carry
out thorough agro-technical cares and protection from rodents.

BBepeHune

[IpuroponHele jieca B BUJE 3€JE€HBIX 30H BOKPYT TOPOJOB U JIPYTMX HACEIEHHBIX
IIYHKTOB HECYT HEOCIIOPHMYIO I10JIb3y — CHIDKAIOT BIIMSHHE HEONAromnpusTHBIX MOr0/I-
HBIX U SKOJIOTHYECKHUX (DAKTOPOB, YIYUIIAIOT SCTETHYECKYIO OOCTaHOBKY, UCTIONIB3YIOTCS
B KaueCTBE PEKpealy Ul OT/(bIXa HACEJIECHHS U BBIIOIHAIOT MHOXECTBO IPYrUX (PyHK-
mid [1—3]. TTosToMy moBceMecTHO yzensiercsi O0JbIIoe BHUMAHUE CO3JaHUI0, COXpa-
HEHUIO U PEKOHCTPYKLUU MPUTOPOJIHBIX JIecoB [4—6]. IIpupoaHo-KiuMaTHiecKue
ycnosus ropoga Hyp-Cyntan (KazaxcraH) sBistoTCS HeOIaronpuUATHBIME JUI IPOM3-
pacTaHus APEBECHBIX U KyCTAPHUKOBBIX MOPOJ U3-3a HU3KOH IUIOLOPOAHOCTH I10YBBI,
PE3KO-KOHTUHEHTAJIBHOTO KIMMaTta U Apyrux ¢gaxktopos [7, 8]. [Io sTum npuunHam
TpeOytoTcs 60blINe TPYAOBbIE U (PUHAHCOBBIE 3aTPAThI IO CO3/IaHUIO0, COACPIKAHUIO
Y COXPAHEHMIO HCKYCCTBEHHBIX HACAXJICHUN MPUTOPOIHOM 30HBI, a U3-3a 3aCOJIEHHOCTH
MOYB HEOOXOIMMO BKJIFOUEHHE B ACCOPTUMEHT COJICyCTOWYMBBIX pacTenuit [9]. Kazax-
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CKHMI HAy4YHO-HCCIICJOBATEIbCKUI MHCTUTYT JIECHOTO XO3SIMCTBA U arposiecoMeIMopalin
coBMecTHO ¢ TOO «AcTtaHa OpMaHbD» y4acTBYET B 3aKJIA[KE U MOHUTOPUHIE HAY4YHO-
MIPOM3BOJICTBEHHBIX OMBITOB B ICKYCCTBEHHBIX HACAKACHUAX 3eseHoro mosica [10, 11].

enp uccnenoBanuii — ompeIecHne HanOoee MPUCIIOCOOJICHHBIX K HeOJaro-
MIPUATHBIM TTOYBEHHO-KITMMATUYIECKUM YCITIOBUSIM B 3€JIEHOM Tiosice cTonuilpl Kazaxcrana
JPEBECHBIX MHTPOYIIUPOBAHHBIX 1MOPOJI. C MOMOIIEI0 MOHUTOPHUHTA POCTA ¥ COCTOSTHUS
HMCKYCCTBCHHBIX HACaXJICHHWH pellaiy 3aJady BbIOOpa aCCOPTUMEHTA YCTOWYMBBIX
XBOWHBIX HHTPOYIICHTOB.

MaTtepuansl u meTOAbI

OOBbeKTaMH UCCIIeI0BAaHUHN SBIISUINCH JIECHBIE KYJIbTYPbl XBOMHBIX MHTPOIYLIEHTOB
2011 r. mocagku. XBOHHBIE HHTPOLYLIEHTHI ObUIN MOJTY4YEHbI U3 TUTOMHUKOB Poccun
B BHJIE OJJHO- U TpexyieTHUX cestHueB ¢ oTKpbIToil (OKC) u 3akpeitoii (3KC) xopHeBoit
cucteMoi. CieryeT OTMETUTD, YTO ellb cuOupckas Obuta nocaxkena ¢ 3KC B oxHomer-
HeM Bo3pacTe, a cesHibl ¢ OKC nmenu Bo3zpact 3—4 roga. KpomMe MHTPOIyLIEHTOB,
ObuTH BeIcakeHb! cestHIbl OKC abopurenHoi mist ycnosuit r. Hyp-Cynrana nopoast —
COCHBI OOBIKHOBEHHOM.

MOHMTOPHUHT TPOBOMIICS HA MOCTOSHHBIX MPOOHBIX MJIOMAJAX, 3aT0KEHHBIX
B HamOoJiee penpe3eHTaTUBHBIX MECTaX JIECHBIX KyJIbTyp. Ha kaxmoit npobde Ob110
He meHee 200 nepeBbeB, 32 KOTOPHIMU BEJIH CIUIONIHBIE HaOmoaeHus. M3mepsnuce
KOJIMYECTBEHHBIE NIPU3HAKU: BBICOTA JIEPEBbEB ONPECIIAIACh MEPHON PEHKOM C TOY-
HOCTBIO J10 | CM, InaMeTp CTBOJIAa — IUTAHT€HIMPKYJIEM C TOYHOCTHIO 110 0,1 cMm. Y uHT-
POAYLIMPOBAHHBIX KYJIBTYp, HE JTIOCTUTTLHUX BBICOTHI 10 2 M BKJIIOUUTEIBHO, JHAMETP
CTBOJIMKA M3MEPSJICS Y OCHOBAaHMSI KOPHEBOM IIEHKH, a Y JE€PEBbEB BbIIIE 2 M —
Ha BeIcOTe 1,3 M [12, 13].

BusyanbHo onpenensiock II0I0HOIEHNE U COCTOSIHUE JIEPEBBEB M0 S-0alIbHON
CUCTEeME, BBICIINI a1 MpUCBauBaJCs AEPEBbSIM C HAUOOJIBIINM IUIOAOHOILIEHUEM
U Jy4muM cocrosHueM. COXpaHHOCTh KYJIBTYP BBIUUCISUIACH KaK OTHOLLIEHHE YHUCIIa
KMBBIX K YUCITy NMOrHOIINX JiepeBbeB, mpuueM 50% COMHHUTENIBHBIX JIEPEeBbEB OTHOCH-
JIOCh K oru6mmuM, 50% — K JKUBBIM.

Pe3ynbTaTbl UCCNEeAOBaHUA U o6cy)Kp,eHm1

B 2019 r. cpenssisi COXpaHHOCTb XBOMHBIX MHTPOAYLICHTOB, IOCA)KEHHBIX OJHO-
neraumu cessHamu ¢ 3KC, usmensiack ot 19,6 no 62,6%. Y e DHreisMaHa HMEIOCh
OOJIBIIIOE YMCIIO COMHHUTENBHBIX JIEPEBBHEB, YTO TOBOPUT O HECTAOMIBHOCTH COCTOSIHUS
pactenuii. HanGombieit coxpaHHOCTBIO OTIIMYAIach elb cuoupckas (62,6%), mpuuem
COMHHUTENBHBIX JepeBbeB Habmoaanochk Toiabko 0,3%, ocTanbHble PACTEHHUS UMEIH
xopoiiee coctosiHue (4,2 6amna). [Tuxrta Ganp3amuyeckas B TEKyLIeM IOy BbINaja
MOJIHOCTRIO, B 2018 1. ee coxpaHHOCTh cocTaBisiia 8,8%. CrnexyeT OTMETUTh ClIa0bIid
pocT 1 60IBIION OTHAX NUXTHI OaTb3aMUYECKOH cpa3y MOciIe MOCaIKH.

Cpenu xBoitHbIX HHTpOXyIIeHTOB ¢ OKC mocanaku auaupyer einb cuoupcekas, co-
XPaHHOCTh KOTOPOH B TEKYIEM IOy MPOJ0JIKAET OCTaBAaThCSl Ha BBICOKOM YpPOBHE
(64,9%). Haumenbmii okaszaresnb 1o coxpaHHocTu (16,5%) BbIsBIIEH y MUXTHI cuOup-
ckoit. IIpn oOcnenoBaHNM OTMEUEHO, YTO OHA CHIIBHO MOJIBEPKEHA BO3JCHCTBHIO COJI-
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HEYHOU paguaIy (0Ker XBOH), B OTACBHBIX CIy4asiX JOBOJIIEH 10 THOeNn pacTeHHs.
WHTpOayleHT 1S 3e7IEHOT0 Tosica JINCTBEHHMIIA CHOMPCKast 1 abopUreHHas mopojaa
cocHa o6bikHOBeHHast (OKC) nmenu HeBbICOKYIO coxpaHHOCTh — 28,1 u 23,4% coort-
BETCTBEHHO.

Coxpannocts ay6a ueperrgatoro (OKC) nHa 1% npessicuna coxpanHocTs 2018 T.
u cocraBisuia 88,4% B 2019 ., 94TO CBSI3aHO C TTOPOCIIEBHIM BO30OHOBJICHUEM Ca)KEHIICB.
Bonbiioe 4ncino COMHUTENBHBIX IEPEBbEB Ay0a YEpPeIryaToro CBA3aHO C MOBPEKIC-
HUSIMH CTBOJIOB TPBI3YHAMH U BJIMSIHUEM Ha COCTOSIHUE JIEPEBBHEB MMO3HE-BECEHHUX
3aMOPO3KOB.

ITpu cpaBuenun cpenneit coxpanHoctu caxkeHues 3KC n OKC Buano, 4TO H3y-
yaeMblil mokazaTtenb 0bu1 Ooubiie y caxkenueB OKC (44,3%), uem y caxeninen 3KC
(35,8%) (Tabm. 1).

Tabanua 1
CpepHss COXPaHHOCTL JIECHbIX KYJIbTYpP B 3esieHoM nosice r. Hyp-CynraHa
Yucno pacteHui, wr. CoxpaH-
HOCTb, %
Mopopa Bcero XuBble MorubLme COMHU- ’
TeNbHbIe
CesiHupl 3KC
MnxTa 6anb3ammnyeckas 224 0 0 0 0
Enb OHrenbmaHa 2126 1126 961 39 53,8
Enb kontoyas 5 367 2294 3045 28 43,0
Enb yepHas 1784 350 1434 0 19,6
Enb cnbupckas 989 618 369 2 62,6
CpenHee 35,8
CesiHubl OKC
Enb cnbupckas 8713 5647 2788 11 64,9
CocHa 06blkHOBEHHas 5657 1302 4312 43 23,4
[y6 yepeluyaTbiin 4451 3915 375 43 88,4
MuxTa cubunpckas 2195 279 1916 0 16,5
JlncteBeHHMUa cubunpckas 2741 769 1967 5 28,1
Cpeatee 44,3
Tabnvua 2
PocT necHbix KynbTyp B 3esieHom nosice r. Hyp-CyntaH
HnameTp, cm BbicoTa, cm MpwupocT, cm
Mopoaa
Xtm V, % Xtm V, % Xtm V, %
CesiHubl OKC
CocHa 06blkHOBEHHas ™ 3,2+0,1 41,3 246,8+7,0 34,6 39,1+1,1 35,5
MuxTa cubupckas 1,9+0,08 43,0 82,4+3,8 47,4 15,4+ 1,1 73,0
Enb cnbupckas 1,8+0,04 40,5 154,8+2,0 24,6 31,2+0,7 40,6
JlnctBeHHUUa cnbunpckas™ 2,3+0,07 42,6 243,8+4,7 27,3 47,7+1,0 29,9
[y6 yepeluyatbliin* 2,6 +0,06 44 1 278,6+6,2 38,4 46,7+1,3 38,0
CesiHupl 3KC
Enb yepHas 2,0£0,05 34,2 138,3+3,5 31,6 28,8+ 1,3 53,9
Enb QHrensmana 2,3+0,04 29,4 121,5+2,6 32,9 26,0+0,6 37,3
Enb kontoyas 1,9+0,04 39,9 1156+1,9 36,0 24,3+0,6 55,2
Enb cnbupckas 1,0+ 0,06 43,4 138,7+4,8 35,0 33,0+1,2 37,5

lMpumeyvaryve: * OuameTp n3mepsncs Ha soicote 1,3 M.
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XOTsl COXpaHHOCTh €T YePHOU Obljla HEBBICOKOH, €€ COCTOSIHHE ObLIO B LIEIOM
ynosnerBoputenbHbM (3,9 6amna). Kpome Toro, y 1aHHOM TOPOABI UMENIOCH IIOI0HO-
mreHue. Yucno mmmniex Ha 1 pacteHun konebanock ot 3 1o 45 mrt. Pasmeps! mumek
coctaBunu B cpeadem 2,0...2,5 cm no aiuue u 1,3...1,5 cM o quamerpy. [lepeBbs
C UMEIOIIMMCSI TUIOIOHOIIICHUEM MUMEIT OY€Hb JIEKOPATUBHBIN BU M3-3a KpacHO-(hrose-
TOBOTO OKpaca M KpacuBoil (opMsI muiek. BriepBbie miogoHomeHne ObII0 0TMEUEHO
B 2018 ., Ha 7 TOy KU3HHU.

PaccMoTpuM aHHBIE 110 BBICOTE, IPUPOCTY M TUAMETPY KYJIbTYP UHTPOIYIIEHTOB,
BeIcaxkeHHBIX ¢ OKC (Tab:1. 2).

Cpemu xBoiHbIX uHTpoAyLeHTOB OKC B 2019 r. HanbompIIuM 1MaMETPOM U BbI-
coToii obnaana TUCTBeHHMIA cnoupckas — 2,3 u 243,8 cM COOTBETCTBEHHO, JEPEBbs
MMEJH XOpolliee COCTOsTHUE. POCT BCeX XBOMHBIX MHTPOMYIIEHTOB U COCHBI OOBIKHOBEH-
HOI M3MEHSJICS Ha OUY€Hb BBHICOKOM YPOBHE IO JTUaMeTpy (KodpuiueHT Bapuanuu V-
coctaBui 40,5...43,0%) ¥ Ha MOBBIIICHHOM M OYE€Hb BBICOKOM — I10 BbIcOTE (V =
=24,6...47,4). bonbiie Bcero pa3Myaiuch JEPeBbsl IO BHICOTE B KYJIbTYpaxX MUXTHI
cubupckoi. Bricota gyba yepenruaToro, kak 06osee ObICTpOpacTyIel MOpPoObl, COCTa-
BUJa B cpeniHeM 278,6 cM, a cpelHuil [uaMeTp — 2,6 CM, HO B IJaHHBIX KYJIbTypax
TaKke Habmoaanacy cuibHas quddepenimans aepeBbeB o pocty. CocHa OOBIKHOBEH-
Has, Kak 0oJiee aaanTUPOBaHHAS K MECTHBIM YCJIOBHUSIM IIPOM3PACTaHuUs IOPOJIa, UMena
XOPOIIKE TTOKa3aTeNIM POCTa KaK 110 BBICOTE, TaK M IO JHAMETDY.

Cpenu xkynsTyp ¢ nocaakoit 3KC mo BbicoTe mpeoliagan eb YepHas U eJb
crOupcKasi, BEICOTa KOTOPBIX MPAKTUYECKU HE pa3nuyanach. Enp DHrenbMana npu He-
oonpmon Beicote (121,5 cm) mmena HauOosbmuid quameTp (2,3 cM), 4TO CBSI3aHO
¢ OMOJIOTMYECKMMHU OCOOCHHOCTSIMH BUIa. Enb Kostouyasi OTCTaBaja mo BeICOTE OT JPY-
MX BUJOB €J1d, HO MO JUaMETPy HE3HAUYUTEIbHO YCTylaja eIy YepHOU U elau DH-
reJIbMaHa.

MO>KHO CpaBHHUTH €1b CUOUPCKYIO, MTOCAKEHHYIO C 3aKPBITOH U OTKPBITOH KOp-
HeBoil cuctemoit. Enb cubupckas, nmocaxkennas ¢ 3KC, orcraer Ha 10,4% mo BeicoTe
u Ha 44,4% no nuametpy ot enu cubupckoir OKC. Ho Ha 0CHOBaHUM MOTyYEeHHBIX
TAHHBIX HENb3sI CJeNaTh BHIBOJ O MPUOPUTETHOCTH mocanku cestHieB ¢ OKC, Tak kak
OHMOJIOrMYeCKU BO3PACT CaXKEHIIEB B KYJIbTYpax pa3IuvaeTcs Ha 2 Toja.

[TockonbKy MoOKa3aTeau pocTa 3HAYUTENIBHO PAa3IMYalOTCs, MPOBEACH aHATIU3
MUHUMAaJIbHBIX, MAKCUMAJIBHBIX M CPEIHHUX 3HaYeHUH (Tadm. 3).

V xBoitnbIx cakeHieB OKC MUHMMaIbHAS U CpeIHsI BBICOTA BCTPEYAOTCs] HAanbo-
Jiee 4acTo, pacCTeHUM ¢ MakCUMalIbHOUM BbIicOTOM HEMHOTO— OT 0,3 10 0,9%. Tonbko
y ny0a depenrdaToro AepeBbs C MAKCUMaIbHOUW BBICOTOH (710 580 cM) BcTpedaroTcs
B 39,7% ciydasix oT o0IIero unciia H3MEpeHHbIX AEPEBbEB.

VY Bcex xBoMHBIX UHTpoAyLEeHTOB 3KC BbicOTa OCHOBHOM Macchl pacTeHH OTHO-
CHUTCSI K MUHUMAJIBHBIM U CPETHUM IOKa3aTelsIM, PACTEHUH ¢ MaKCUMAJIbHOM BBICOTOM
nmeercs 0,2...0,9%.

3a MHTPOAYLIEHTAaMH BeIyTCs HAOIOJICHUSI C MOMEHTA UX MOCaJKu, Ha puc. 1 u 2
HATJISIJHO BUAHA JUHAMHKA POCTA B BBICOTY BCEX HM3YYaeMBIX JIPEBECHBIX MOPO/I.
Caxennpl OKC my6a uepenrdatoro, HaYMHasE CO BTOPOTO TO/1A KU3HH, TIPEBHIIIAIN BCE
OCTaJIbHBIE CaXKEHIIbI 110 BHICOTE.
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Tabnmuya 3
Mpeaenbl 3Ha4YeHUii pocTa MHTPOAYLMPOBAHHbIX JIECHbIX KY/IbTYP
Mpenensl 3HaYeHNn
HnameTp, cm BbicoTa, cm

X X X X X X

Mopopa o) ® o o) o ® o =)

c | B2 E | x| Bl c| Bl E|E]| x|E

E|S| 5|8 |E|8|E|8| 88| &S

S = S S S = S S

= ®] IS S = ) = =

o o o o o o

v v v v v v

CesaHupbl OKC
CocHa 06bIKHOBEHHAs 0,7 | 48,6 ,0 1509|160 | 0,6 90 46,9215 [52,6 | 450 | 0,6
MuxTta cnbupckas 0,5 [52,8| 1,9 |146,3| 3,6 | 0,9 20 [ 58,3| 82 |40,7]| 235 | 0,9
Enb cnbupckas 0,4 |[472| 1,8 |525]| 51 | 03| 70 |56,3]|155 |43,4| 275 | 0,3
JIncTBeHHMLA cubupckas 0,4 [53,5]| 2,3 |45,0| 5,1 1,5 | 67 [48,0]240 |51,5]|430 | 0,5
[y6 yepeluyaTbiin 0,3 [60,3| 2,7 |394| 7,0 | 0,3 60 |55,2|280 | 5,1 | 580 | 39,7
CesiHupbl 3KC

Enb YyepHas 0,6 399 (2,0 |59,5 (36 |0,7 |30 44,1 | 140 | 55,3 | 240 | 0,7
Enb SHrenbsmaHa 0,7 [26,5(20 |[73,1 40 |04 |25 50,4 | 120 | 48,7 | 230 | 0,9
Enb kontoyas 0,3 |51,8 2,0 |48,0 |46 |0,2 |95 |48,4 | 115 [51,4| 225 | 0,2
Enb cnbupckas 0,4 |37,7 10,9 |604 [25 |19 |52 51,7 | 140 | 47,4| 240 | 0,9

Ha Bropom Mecte 1o Temnam pocrta Obli1a abopUreHHast HopoJa — COCHA OOBIKHO-
BeHHas. JIuCTBeHHMIIA CHOMPCKasi, 3HAUUTEIBHO OTCTaBasi B POCTE OT COCHBI OOBIKHO-
BEHHOM, K HaCTOSILEMY BPEMEHH JOTHAJIA €€ 110 BbICOTE, KOTOpasi MOBbICKIACH Ha 35%.
Takoil sxe pe3kuit ckauok Habmoaancs B nepuoxa 2014—2015 rr., Toraa BeicoTa JIUCT-
BEHHHIIBI CHOMPCKOH yBennumiach Ha 43,2% u Ha 56% — y ay0a depenrdatoro. Beicota
eJM cuOMpCKOi BapbHpOBaIa 1o rojaM HabroaeHni B peaenax 21,5...26,7%, 8 2019 1.
ee BbIcoTa yBenuuymiack Ha 33,5%. OTo CBsA3aHO, B IEPBYIO OYEPEb, C TOTOJAHBIMU
ycnoBuaMu 2019 r., korza 6b110 MHOTO JIOKIAJIUBBIX JHEH € BBICOKOM TeMiepaTypoit
Bo31yxa. Kpome Toro, pacteHus 01aromnoayqHo HEPEeXUIN MOCIENOCaT0uHbII cTpece
Y MECTHYIO aKKJIMMAaTH3aIHIO.

300
250
—— Pinus sylvestris
200
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2012 2013 2014 2015 2016 2017 2018 2019

Puc. 1. JuHamuka BbICOTbl, CM, MHTPOAYLIMPOBaHHbIX KynbTyp (OKC)
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Puc. 2. JuHamuka BbICOTbl, CM, MHTPOLAYLIMPOBAHHLIX KynbTyp (3KC)

Cpenu caxenues 3KC pona Enb 1Ba Buga — depHast 1 cMOUpCKasi — pOCIH Mpak-
THYECKH OINHAKOBO, €711 DHIreJIbMaHa U KOJII04asi HE3HAUUTEIbHO OTCTAaBaIH OT BbIIIIE-
yKa3aHHBIX 1OpoJ1 110 BbicoTe. [Tpuuem enb DHrenbMaHa 10 HBIHEIIHETO rojja OTCTaBasia
OT JIpyTUX BHJIOB, a CE€dac CpaBHAIACH C HUMH IO BBICOTE.

3akoyeHume

[To pe3ynbTatam HaOIIOAEHUH 332 COXPAHHOCTHIO, TAKCAIMOHHBIMH TOKa3aTENISIMU
U COCTOSIHUEM HCKYCCTBEHHBIX HACKICHUH BBISBICHO, YTO JJIsI TIOYBEHHO-KIMMATH-
YEeCKUX YCJIOBUI peruoHa uccieoBanuii — 3eneHoro nosca r. Hyp-Cynrana nanbonee
MPHUCTIOCOOICHHBIMH OKa3aJMCh WHTPOAYLEHTHI pona Enp — uepHas u cuOupckasi.
Taxoke XOpOIIMM pPOCTOM U JKU3HEHHBIM COCTOSIHUEM XapaKTepHu3oBaics 1y0 yepel-
YaThlid, XOTS B TIEPBBIC TOJIBI ITOCTIE MTOCAAKH OH TOIBEPTraJiCsi 3HAYUTEILHBIM TTOBPEXK-
JICHUSIM T103/THE-BECEHHUMU 3aMOpO3KaMu 1 00beJaHuIo rpbi3yHaMu. CiiaObIM pOCTOM,
HU3KOU MPIKUBAEMOCTBIO U COXPAHHOCTHIO OTIMYAINCH MUXTHl CUOUpPCKast U Oalb-
3amuueckasi. JIucTBeHHUIa cHOUPCKasi, HECMOTPS Ha TO, YTO OOJBIIMHCTBO PACTCHUIN
NOru6JI0 B MEPBbIE IOABI MOCIE MOCAKH, B HACTOSIIIEEe BpeMs IPUCTIOCOOMIach K 1oy-
BEHHO-KIIMMATUYECKUM YCIOBHUSM M JOCTATOYHO XOPOIIO PACTET U UMEET yIOBIETBO-
purenbHoe cocTostHue. COXpaHHOCTh €U CMOMPCKOM, IOCaKEHHOM OHOJIETHUMU
CesiHIIaMU C 3aKpbIToil U TpexyietHumu cestHuamu ¢ OKC, B 8-meTHem Bo3pacte cocra-
BUJIa COOTBETCTBEHHO 62,6 1 64,9%. XOTs pOCT U COXPAHHOCTH €J1€H, BBICAXKEHHBIX
Pa3IUYHBIM IO BUAY MOCAIOYHBIM MaTepHaIOM, BAPbUPOBAIICH MUHIUMAIILHO, BCE JKE
Jy4Ile BBICAKMBATh KYJIBTYphI CesHIIaMu OoJiee crapiiero Bo3pacta (3—4-1eTHuMm),
TaK Kak BbIpamyBaHue ogHoNIeTHUX caxeHeB 3KC compoBoxIaeTcs: mpoIomKUTeb-
HBIM PYYHBIM YXOJOM, TPEOYIOIINUM OOJIbIINX (PMHAHCOBBIX U TPYAOBBIX BIOKECHUH.
CnenoBatenbHO, A7 CO3/1aHUsI UCKYCCTBEHHBIX HAaCAXICHUH B 3esieHOM nosice T. Hyp-
CynTana MOKHO PEKOMEHJIOBAaTh €1b CHOMPCKYIO, ellb YepHYIO (3—4-TeTHUMHU CesH-
namu) u 1y0 yepenrdarsiii (1—2-netHumu cessuiiamu). [Ipu ux BeIpanBaHUM HEOOXO-
JIMMO TIPOBOJUTH TIIATEIBFHBIE arPOTEXHUYECKHIE YXObI M 3aLIUTY OT TPHI3YHOB.
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Abstract. When growing crop products, it is important to use an integrated approach at the stages
of planning technological operations and developing technical means for their implementation. In this case,
the best result is achieved when coordinating operations on mechanical and chemical tillage, which
provides for the protection and nutrition of plants. Along with this, it is important to consider following
the applied technology to environmental principles, since agriculture directly affects the environment of our
planet. Resource-saving technologies help preserve nature for future generations, restore natural fertility
and take care of economic well-being. For row crops, the use of Strip-till technology is recommended.
This requires 20...30% of all costs to direct to chemical treatment. Obviously, a decrease in the chemical
effect on the soil during the transition to strip technology is necessary, and the introduced chemical should
be redirected strictly to the target.

A technical solution for the adaptation of serial sprayers is proposed, which consists of the use of strip
spraying with the ability to accurately add and redistribute the working solution to the objects of influence,
considering stage of plant development. This allows to reduce hectare application rates and stress
of cultivated plants, and to save money on chemical processing. In addition, it also helps to solve environ-
mental problems by reducing the chemical load on the soil. The proposed approach and technical solution
make it possible to supplement the complex of machines for mechanical tillage in the framework of strip
technology and reduce the chemical load on the biosphere.

Key words: strip technology, chemical tillage, Strip-till, resource saving, spray cone
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AnHoTtanus. [IpennoxxeHo TeXxHUYECKOe pelIeHne M0 afanTalid CEPUIHHBIX OMPBHICKIBATENEH,
3aKJTIOYAIONIEecs] B IIPUMEHSHNH TIOJIOCOBOTO ONPBICKUBAHKS C BO3MOKHOCTBIO TOYHOTO BHECEHHUS U TIepe-
pacrpezienieHusi pabodyero pacTBopa mo o0beKTaM BO3JCUCTBUS € yueToM (pa3bl pa3BUTHS KyJIbTYphl. OTO
TIO3BOJISIET CHIDKATH TEKTapHbIe HOPMBI BHECEHHUS M CTPECCHI KYJIBTYPHBIX PacTeHHH, SKOHOMHT JICHEKHBIE
3aTpaThl HA XUMHYECKYIO 00pabOTKY, CIIOCOOCTBYET PELICHHIO SKOJIOTHIECKHX MPOOIIEM TTOCPEICTBOM
CHIDKEHUS XUMUUECKON Harpy3Kd Ha TouBy. IIpesiaraeMelii MOAXO/ U TEXHUUECKOE PEIICHUE TIO3BOJISIOT
JOTIOJIHUTH KOMIUIEKC MAIIHMH JUIST MEXaHHYeCKOi 00paOboTKM MOYBHI B paMKaX IOJIOCOBOI TEXHOJIOTUH
¥ CHU3UTh XUMHYECKYIO Harpy3Ky Ha OGuocdepy.

KiroueBble c10Ba: 1mojocoBas TEXHOJIOTHS, XMMUYeckas oOpabortka, Strip-till, pecypcocGepe-
JKEHUE, KOHYC pacrblia
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Introduction

At the present stage of agriculture development, chemical treatment of plants is
included in any technology. To ensure the high efficiency of the use of chemicals for
plant protection and nutrition in combination with minimizing environmental damage,
modern manufacturers select and implement new technologies based on resource saving,
as well as modern equipment for performing technological operations [1, 2]. One of these
technologies, which allows to maintain the sustainable development of agriculture and
to form an ecological culture, is the resource-saving Strip-till technology, which is
especially suitable for row crops [3]. Recently, scientifical interest has been increasing
in assessing the effectiveness of this technology and its technical means [4, 5]. This
technology provides tillage strictly in strips for the subsequent creation of favorable
conditions for growth and development of crops. In the interval between the treated
strips, such conditions are not cultivated; so weeds, being in the worst conditions, begin
to lag behind in development, and then completely die, oppressed by cultivated plants [6].
This approach to the operation of mechanical tillage helps in solving environmental
problems; it reduces the damaging effect on the soil, helps to restore its fertility, reduces
water and wind erosion, and at the same time it has a beneficial effect on the climate
of our planet [7, 8]. Purpose of the study was to improve efficiency of technological
process of chemical treatment of row crops due to redistribution of the operating solution
in strips and to reduce chemical load on soil.

Materials and methods

The most effective plant protection operations are carried out by liquid solutions.
Spraying is the main method of introducing liquid solutions of CPA (crop protection
agents) and UAN (aqueous solution of ammonium nitrate and urea). The advantage
of using liquid chemical solutions is the rational impact on leaf and root systems of
plant [1, 9]. Having analyzed the structure of application of spraying technological
processes using the example of a sunflower row crop, we can conclude that it is recom-
mended that the soil herbicide and means of protection against diseases, weeds and
pests be applied by continuous spraying method, leaf dressing and desiccation opera-
tions — directly on the object of exposure. Therefore, theoretical rationale of the tech-
nological process of chemical treatment of plants, depending on plant growth stage
and species, becomes central to this study [10, 11]. Sprayers for continuous application
of chemicals, common in traditional crop cultivation technology, do not correspond
to the basics of strip technology. Undoubtedly, they have a number of advantages:
relative simplicity of design, high maneuverability, large operation width, high produc-
tivity, but the following disadvantages are noted: significant drift of the sprayed liquid
by the wind, high uneven distribution of the chemical substance along the operation
width, significant influence of meteorological conditions on the operation width and
undesirable drift of the sprayed liquid beyond the boundaries of the treated area.

The efficiency of spraying process is evaluated by area and uniformity of coating
with active chemical substance. In addition, optimal terms (relevance of adhering
to timing of making is justified by sensitivity of processed object in accordance with
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phase of its development) and quality of coating of the processed object have a significant
impact. Therefore, to increase efficiency of chemical treatment, it is necessary to improve
not only the methods of introducing operation solution, but also the design features
of spray system [10, 12].

Serial models of boom sprayers perform technological process of continuous
spraying (Fig. 1). These types of sprayers are not suitable for the Strip-till technology,
since the main emphasis in the technology is soil and plant treatment in strips [11, 13].
Agricultural producers are forced to use boom sprayers violating the technology due to
the fact that there are no machines for chemical and fertilizer application that process
in strips.

The task is to improve well-known technological process and design of the sprayer
with possibility of spraying it on growth bands of crops or rows between weeds. When
processing crops, it is important to redirect working solutions to the target objects
considering current pathogenic situation in a specific field or culture and development

phase (Fig. 2).

-

—

}
}
}
t

Fig. 2. Band spraying process

456 IMOYBOBEAEHHE U ATPOXHUMU A



Meznikova M.V. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):453—465

The technical solution is retrofitting of a serial boom sprayer with two lines with
possibility of spraying nozzles in strips. Moreover, after improving design, the sprayer
becomes universal for use with various technologies. When continuous processing is
required, both lines are switched on. In the case of strip cultivation of row crops, the main
line is switched on, which allows redistributing the working solution with the formation
of a new stream that processes the object of influence strictly in strips.

Results and discussion

The choice of nozzles with a large spray angle makes it possible to reduce distance
from tops of plant to nebulizers. However, this causes an increase in unevenness of width
of the treated strip with vertical oscillations of the sprayer boom. When nozzles are
placed with a spray angle of 80° above the soil surface at a distance of 800 mm, the treated
strip will take sizes from 1331 to 829 mm depending on the fluctuations of the boom,
up to 300 mm (Fig. 3, ).

800

Fig. 3. Changing width of sprayer treated strip:

a — for a serial sprayer; b — for an advanced sprayer
(a spray cone angle of 65°); ¢ — for an advanced sprayer
(a spray cone angle of 80°)
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When installing nozzles with a spray angle of 65°, a change in the width of the treated
strip from 1018 to 634 mm is observed. This means that dimensions of the treated strip
are subject to significant fluctuations — up to 38%. When choosing a nozzle with
a spray angle of 80°, covering of the upper part of the plant improves, and the distance
between tops of the plant and the boom can be reduced, but irregularity in the chemi-
cal application increases and leads to undesirable waste and harm to the environment.
In this regard, technological process of introducing chemicals requires significant im-
provement in redistribution of operation solution within the band.

The application of the proposed technological approach makes it possible to accu-
rately redistribute operation solution with active substance and reduce hectare norms
while maintaining application rate for objects. A differentiated approach to introduction
of chemicals in agriculture also makes it possible to reduce stressful effects on crops.

This side spray method converts streams from each nozzle when they merge into
a new stream with more stable parameters. This means that the proposed method allows
formation of operation solution flow with constant density practically eliminating
the influence of boom vertical oscillations. The proposed technical solution makes it
possible to quickly switch between spray gun housings, facilitating readjustment between
continuous and strip spraying. The economic effect is achieved by redistributing
the working solutions in strips, concentration of operation solution at the site of expo-
sure and minimization of unproductive losses for solution density in rod vertical
vibrations.

Monitoring of technological problem of strip spraying showed that when row crop
cultivated area was about 900 thousand hectares in the Volgograd Region and prescribed
standard annual load per sprayer was 360 ha/year, more than 2.5 thousand modernized
sprayers could be claimed for chemical treatment of plants with the most efficient and
rational methods in this region. The solution to this problem seems feasible for the as-
sembly production located in the Volgograd region within the framework of a coopera-
tion agreement between Volgograd State Agricultural University and French holding
company EXEL Industries. Adapting sprayers for effective use in strip farming agricul-
tural technologies began in 2018.

Conclusions

The application of the strip chemical processing method allows to reduce chemical
application rate per hectare without reducing norm and quality compared to continuous
processing.

The proposed method of strip chemical treatment of soil and plants has good
prospects for use in agriculture saving costs and solving environmental problems, and
pre-equipped serial sprayers of rod type complement complex of machines for strip
processing. Quick readjustment of serial sprayers allows to save time and money for
new equipment.

According to theoretical calculations based on the data obtained in laboratory
conditions, a decrease in consumption of operation solution will be 31.4% and 38.9%,
when processing crops with a row spacing of 0.7 m and 0.9 m, respectively.

We recommend to choose slotted injection sprayers and sprayers with a hollow
cone for strip herbicide application.
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BBepeHune

Ha coBpemeHHOM 3Tare pa3BUTHS MPOU3BOJICTBA CEIBXO3MPOIYKIINH XUMUIECKAsT
00paboTKa pacTeHUH BXOIUT B LUK JH000i TexHomoruu. [l obecreueHus: BBICOKOM
3 PEeKTUBHOCTH MPUMEHEHHS XUMHYECKUX CPEJCTB JUISA 3aIUThl U MIUTAHUS PACTCHUS
B COYETAHWHU C MUHUMH3AIKEH Bpea U OKPYKaloIei Cpeibl COBPEMEHHBIE MTPOH3-
BOJICTBEHHHUKH BBHIOMPAIOT U BHEJPSIOT HOBBIE TEXHOJIOTUH, OCHOBAaHHBIE HAa PECypCo-
cOepeKEeHNH, a TaKKE COBPEMEHHYIO TEXHUKY JUISl BBITIOJHEHUS] TEXHOJIOTHYECKUX OITe-
paumii [1, 2]. OnHON W3 TakuUX TEXHOJIOTUH, MO3BOJIAIOIIEH COXpaHATh yCTONYMBOE
pa3BUTHE CEIBCKOTO XO035HCTBA U (POPMHUPOBATH IKOJIOTHUYECKYIO KYIbTYPY, SBISETCS
pecypcocbOeperaromas TexHoaorust Strip-till, koTopyro 0co0eHHO CTOUT IPUMEHSTh
IUIS IponamHeIX KynbTyp [3]. B mocnennee Bpems k oneHke 3¢ hekTHBHOCTH TaHHOM
TEXHOJIOTHH U €€ TEXHUYECKUM CPEICTBaM BO3pAacTaeT HAYYHO OOOCHOBAHHBIN MH-
tepec [4, 5]. Jlannas TexHonorus odecrneunBaeT 00pabOTKy MOYBBI CTPOTO IO MOIOCaM
IUISL TIOCJIEAYIOMIETO CO3aHus OIaronpusTHBIX YCIOBUI POCTa U Pa3BUTHS KYJIbTYp-
HBIX pacTeHHid. B mpomexxyTke Mexny 00pabOTaHHBIMU MOJIOCAMHU TAKUE YCIOBHS
HE KYJIbTUBHPYIOTCSI, TO3TOMY COpHasl PACTUTENIHHOCTh, OKa3aBILICh B XYALINX YCIOBHSIX,
HAYMHAET OTCTABaTh B Pa3BUTHH, a TIOTOM M BOBCE TMOHET, YTHETEHHAs! KyJIbTYPHBIMU
pacrenusivu [6]. JlaHHBIH TOAXO K MMPOBEICHUIO OTIEPAIIM MEXaHUYECKOH 00pabOTKH
MIOYBBI IOMOTAET B PEIICHUH SKOJIOTMUECKUX MPOOIIEM, CHIKAET PaHsILee BO3/ICHCTBIE
Ha MOYBY, CIIOCOOCTBYET BOCCTAHOBJICHHIO €€ TIOJIOPOJIHSI, & BMECTE C TEM CHIKAET
BOJHYIO M BETPOBYIO 3PO3HH, OKa3bIBAET OJIArONPHUATHOE BO3/IEHCTBUE HA COCTOSHUE
KJIMMaTa HallleH iaHeTsl [7, 8].

Lean ucciaenopanus. [losbimenne 3h(HEeKTHBHOCTH TEXHOJIOTUYECKOTO Mpolecca
XUMHUYECKON 00pabOTKM MPOMANIHBIX KyJIbTYp 3a CUET IepepacnpeaesieHus: padbouero
pacTBopa 1o MoJ0caM, CHIKEHIE XUMUYECKON Harpy3Ku Ha MOYBY.

MaTtepuansl u meTOAbI

Haubonee 3¢¢dpexTrBHO onepanuu 1o 3aiure pacTeHUi Ipy BhIPAILMBAHUN CETlb-
XO3KYJIBTYp HPOBOJUTH KUAKMUMHU pacTBopaMHu. OCHOBHON cIIOCOO BHECEHHUS KHUJIKUX
pactBopoB C3P n KAC — onpsickuBanue. [IpenMy1necTBo NpUMEHEHUs! KUIKUX XUMU-
YECKHX PacTBOPOB 3aKJIF0YAETCS B PALIOHATIBHOM BO3/I€HCTBUM Ha JIMCTOBYIO U KOpHE-
By cucreMsl pactenus [1, 9]. IIpoBens ananus cTpyKTypbl IPUMEHEHUS TEXHOJIOTHYE-
CKHX IIPOLIECCOB ONIPBICKUBAHMA Ha IpUMeEpe MPOMNAIIHOM KyJIbTYpbl I10/ICOJHEYHHKA,
MO’KHO CJIeJIaTh BBIBOJI, YTO ITOYBEHHBIN I'epOUIIU U CPEJICTBA 3aIUTHI OT OOJIE3HEH,
COPHSIKOB U BpeIUTeNIeH peKOMEH IyeTCsl BHOCUTD CIUIOLIHBIM METOJIOM ONPBICKHBAHMS,
olepalyy 10 JIMCTOBOM MOAKOPMKE U JIECHKALUN — HEIOCPEICTBEHHO Ha CaM OOBEKT
BozaeiicTBus. [loaToMy TeopeTHueckoe 0O0CHOBaHME TEXHOJIOIMYECKOTO Ipolecca
XMUMHUYECKON 00pabOTKM PaCTEHH B 3aBUCUMOCTH OT (Da3bl pa3BUTHSI KYJIBTYPHOTO pac-
TEHUs] U €ro BUJa MpUoOpeTaeT HEHTPaIbHOE MECTO B JaHHOM uccienosanuu [10, 11].
OnpbICKMBATEN! 7151 CILIOIIHOTO BHECEHUS IPENApaToB, PaCIPOCTPAHEHHbIE B TPaIu-
LMOHHOM TEXHOJIOTHH BO3/IENIBIBAaHUS KYJIbTYpP, HE COOTBETCTBYIOT OCHOBAM II0JIOCOBOM
TeXHOJIOruy. be3ycnoBHO, OHM 001a1a0T PSIIOM IOCTOMHCTB: OTHOCUTENILHONM MPOCTO-
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TOW KOHCTPYKITUH, BBICOKOH MaHEBPEHHOCTHIO, OOJIBIIION MIMPUHON 3aXBaTa, BHICOKON
MIPOU3BOJUTENBHOCTBIO, OJJHAKO OTMEUEHBI CIEIYIOIINE HEAOCTATKU: 3HAUUTEIbHBIN
CHOC pacHbLIIEMON >KUJKOCTH BETPOM, BBICOKAasi HEPABHOMEPHOCTh paclpeaeeHus
XMMHUYECKOI0 BEIIECTBA MO IIUPUHE 3aXBATa, 3HAUUTEIILHOE BIUSHHE METEOPOIOruye-
CKHUX YCJIOBHM Ha KojeOaHMsI IIMPHHBI 3aXBaTa U HEXKeJIaTeJIbHbIH CHOC PACIIbLISIEMOi
KHUJIKOCTH 3a TPaHUIIbl 00padaThIBAEMOT0 yJacTKa.

D¢ PeKTUBHOCTD Ipoliecca ONPBICKMBAHUS OLIEHUBACTCS 110 IJIOIAIM U paBHOMEp-
HOCTHU TOKPBITHUS aKTHBHBIM XMMHUYECKUM BeniecTBoM. KpoMe Toro, 3sHauuTenbHOE
BJIMSIHUE OKa3bIBAIOT ONTHMAJbHBIE CPOKH MPOBEJCHUS paboT (aKTyaabHOCTH COOIIO-
JICHUsI CPOKOB BHECEHHUSI 00OCHOBBIBAETCS YYBCTBUTEIHHOCTHIO 00pabaThIBa€MOT0
00BEKTa B COOTBETCTBHH € (ha30il ero pa3BUTHs) U Ka4eCTBO IMOKPHITHs 00padaThIBa-
emoro oowekTa. [ToaTomy asist oBbIIeHUS 3PPEKTUBHOCTA XUMUYECKOH 00pabOTKH
HE0OXO0JMMO COBEPUICHCTBOBAThH HE TOJNBKO CITIOCOOBI BHECEHHSI pab04ero pacTBopa,
HO U KOHCTPYKTHUBHBIE OCOOEHHOCTHU cucTeMbl pactbuia [10, 12].

CepuiiHble MOJIENTM IITAHTOBBIX ONPBICKUBATENIEH BBIMOIHSIIOT TEXHOJIOTHYECKUN
MpOILIECC CIUTOUTHOTO onpbickuBanus (puc. 1). nst rexnonoruu Strip-till naHHBIe BUIBI
OIIPbICKMUBATEJIEH HE OAXOT, TAK KAaK OCHOBHOM aKILIEHT B TEXHOJOIMU — 00paboTKa
MIOYBBI, & 3HAYUT U KYJIbTYPHBIX pacTeHui, 1o nonocaM [11, 13]. [IpousBoaurenu cenb-
CKOXO35IIICTBEHHOW MPOIYKIMU BBIHYKAECHBI UCIOJIB30BATh IITAHTOBBIE OMPBICKUBATEN
B HapyILIeHHWE TEXHOJIOTUU BBHUJy TOTO, YTO MAIIMH I XUMHUUYECKOH 3aIlUThl U MHU-
TaHUs paCTEHUH, MPOU3BOIAIINX 00PaOOTKY IO MOJIOCaM, HE CYIIECTBYET.

3awmTta
OT COPHSIKOB
n 6onesHen
(14 oH.)

Puc. 1. TexHONOrnM4eckmin NpoLEecc CroLWHOro ONpbICKMBaHUSA

INocrasneHa 3a7a4a Mo yCOBEPIIEHCTBOBAHUIO M3BECTHOTO TEXHOIOTMYECKOTO IIPo-
1ecca ¥ KOHCTPYKIIMU ONPBICKUBATENS C HAJEIEHHUEM €r0 BO3MOXHOCTBIO ONPBICKU-
BaHMS IO II0JIOCaM POCTa KyJIbTYPHBIX PACTeHU IMO0 MEKXAYPSAANI ¢ COPHOM pacTH-
TesbHOCTBI0. ITpu 06paboTKe MOCEBOB Ba)KHO MEPEHANPABIATh paboune pacTBOPbI
C yUeTOM MMEIoILeiics TaTOreHHOW CUTyalluy Ha KOHKPETHOM I10JI€ U KYJIBTYpe ¢ yue-
TOM (ha3bl pa3BUTHUS Ha IeJIEBbIe 0OBEKTHI (puUC. 2).
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Puc. 2. TexHonornyeckui npouecc noaocoBoro onpbiCKMBaHUA

TexXHUYEeCKUM pEILICHHEM SIBJISIETCS JT0000PYI0BaHHUE CEPUITHOTO IITAHTOBOTO OIPhI-
CKUBATEIIS IByMsI MATUCTPAISIMA C BO3MOXKHOCTBIO pacbUieHHs: (POPCYHKAMH I10 OJI0-
caM. [Tpudem nocie ycoBepIICHCTBOBAHUS KOHCTPYKIIMH ONIPBHICKUBATENh CTAHOBUTCS
YHHUBEPCAJIbHBIM JJIsl IPUMEHEHUS NP Pa3IHuHbIX TexHonorusx. Korma tpeGyercs
cIuIomHasi 00paboTKa, BKIFOUArOTCsl 00e MarucTpaini. [Ipu mosocoBoM BO3/IEIIbIBAHUS
NPOMAILTHBIX KYJbTYp BKIIOUYAETCS MarucTpalib, MO3BOJISIIONIAS ITepEPaCIPE/ICIIUTh
pabouuii pacTBOp ¢ 00Opa30BaHWEM HOBOT'O MOTOKA, 00pPadaTHIBAIOIIETO OOBEKT BO3-
JCWCTBHS CTPOTO IO TIOJIOCaM.

PesynbTaTbl U X OGCV)K}J,EHMG

Br160op hopcyHOK ¢ 6OJIBIINM YIIIOM paciblia O3BOJISET YMEHBIIUTH PACCTOSHHUE
OT BEPXYILEK pacTeHHs 10 pacnpluiuTeneid. OIHAKO 3TO SBISAETCS MPUINHON yBEINUCHUS
HEPaBHOMEPHOCTHU IIMPUHBI 00pabOTaHHOH MOJIOCHI TTPH BEPTUKAILHOM KoJieOaHUHN
mTaHru onpeickuBatens. [Ipu pa3memenun ¢hopcyHok ¢ yriom pacnbiia 80° Haf mo-
BEPXHOCTHIO MOYBHI Ha pacctosiHuK 800 MM 0OpaboTaHHAs MOJIOCAa PUMET pa3Mepsl
oT 1331 1o 829 MM B 3aBHCHMMOCTH OT KOJIEOAHUH IITaHTH, COCTaBISIoNmMX 10 300 MM
(puc. 3, a).

[Tpu ycraHoBke OPCYHOK € yIIoM pacnbuia 65° HaOmoaeM H3MEHEHNE ITUPUHBI
obpaboTanHoii mosockl ot 1018 10 634 MM. D10 03HAUaeT, YTO pa3Mepsl 00padOTaHHOM
T0JIOCHI TOIBEPKEHBI CYIIECTBEHHBIM KosebaHusm — 110 38%. IIpu Beibope dopcyHKn
¢ yrioM pacnbiia 80° MOKPHITHE BEPXHEH YaCTH PACTEHHUS YIyUIIAeTCsl, @ PACCTOSHUE
MEX/y BEpXYIIKaMH PacTEHHs U IITAHTOM MOXHO YMEHBIIIUTH, HO HEPABHOMEPHOCTD
BHECEHHUSI XMMUYECKOT0 BEIIECTBA YBEIMUMUBACTCS M MPUBOJIUT K HEXKEIATECIHHBIM
HepalMOHAILHBIM 3aTpaTaM M BPEAUT OKpYXKarollel cpeze. B cBsi3u ¢ 3TUM TEXHOJIOTH-
YECKH MPOLIECC BHECEHUS XMMUUECKUX BEIIECTB TPEOYET 3HAUMTEIIFHO COBEPILICHCTBO-
BaHUs B BOIIPOCE IepepacipeieieHus pabodero pacTBOpa B Ipe/iesax Hy>KHOH MOJIOCHL.
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a(a) 6(b)

300

80'

800
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589
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Puc. 3. NameHeHne WwunprHbl 06paboTaHHOM NOOCkI ONPbLICKMBATENS:

a — O/19 CepUNHOro onpbickneaTtens; 6 — Ans MOAEPHU3NPOBAHHOIO
onpsbickmBatens (yron koHyca pacnbina 65°); B — ons MooepHn3npo-
BaHHOrO OnpbickmBaTens (yron koHyca pacnbina 80°)

[IpumeHeHune npeasaraeMoro TEXHOJIOITHYECKOT0 MOAX0/1a IeTaeT BO3MOKHBIM
TOYEYHOE Iepepacipe/iesieHne padbodyero pacTBopa ¢ IeHCTBYIONIMM BEIIECTBOM U CHH-
’KEHHE FeKTapHbIX HOPM IPU COXPAHEHUH HOPMBI BHECEHUs 110 00beKkTaM. Juddepen-
[POBAHHBIN MOJX0/1 B BOIIPOCAX BHECEHUSI XUMHUH B CEITLCKOM XO3SHCTBE IMO3BOJISET
TaKXe JOOMBATHCS CHUKEHUSI CTPECCOBBIX BO3JACUCTBHIA Ha KYJIbTYPHBIC PACTCHUSI.

JannbIii crmocod 60KOBOTO pacmblia IpeoOpa3oBbIBaET MOTOKH OT Kaxaoi dop-
CYHKHU TPU MX CIIMSHUU B HOBBIM MOTOK ¢ 0ojee CTaOMIbHBIMU NapaMeTpaMu. DTO
03HAYAEeT, YTO MpeIaraeMblil criocod mo3BossieT popMupoBaTh MOTOK paboyero pac-
TBOpPA MOCTOSHHOM IUIOTHOCTH MPAKTUYECKH MCKIII0Yasi BIMSHUAEC BEPTUKAIBHOTO KOJIe-
Oanus mranru. [IpeanaraeMoe TEXHUYECKOE PEIICHUE JeNaeT BOSMOXKHBIM OBICTpOe
MEPEKIIIOYEHUE MEXKy KOPITyCaMu JUIsl PacbUTUTENeH, 00Jerdas IepeHalIaIKy MexXIy
CIUIOIIHBIM U TIOJIOCOBBIM ONIPBICKMBaHHEM. JKOHOMUYecKui ekt nocturaercs
3a cueT nepepacnpesenieHus: paboyux pacTBOPOB IO MOJIOCaM, KOHIIEHTPAIMK paboyero
pacTBOpa Ha 00BEKTE BO3JACUCTBUS M MUHIUMHU3AIMN HETIPOM3BOAUTEIBHBIX TOTEPh IS
IUIOTHOCTH pabouero pacTBopa IMpH BEPTHKAIBHBIX KOJICOAHHUIX ITAHTH.
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MOHHMTOPHHT TEXHOJIOTMYECKOI MpoOJIeMBbl IT0JIOCOBOIO OMPBICKUBAHUS TOKA3aJ,
YTO MpU 00BEME NOCEBHBIX IUIOLIA/EH, 3aHITHIX 110]] MPOMAIIHBIMU KyJIbTypaMu B Boi-
rorpajickoi oonactu, okoo 900 ThIC. ra U MperyCMOTPEHHOW HOPMATHBHOM T'0JI0BOM
Harpy3Ke Ha OJMH OINPBLICKUBATENb, paBHOW 360 ra/rof, Ui OCYIIECTBICHUS XUMUYe-
cKoi 00paboTKu pacteHuil Hanboaee 3((PEeKTUBHBIMU U PALMOHAIBHBIMU METOJaMU
TOJILKO B JAHHOM PErHOHE MOXET OBITh BOCTpeOOBaHO Ooiiee 2,5 ThICSY MOJACPHU3H-
POBaHHBIX ONpbICKUBaTeNel. Pemenne 3Toil 3a1aun NpeACcTaBIsIeTCs] TOCHIBHBIM /IS
pa3MelIeHHOTo Ha Tepputopun Bonrorpanckoit o6i1actu cO0OpOYHOTro NMpOU3BOACTBA
B paMKax JIOrOBOpa O COTpyAHUYECTBE Bonrorpaackoro rocyJapcTBEHHOTO arpapHOro
yHUBepcuTeTa U (paniry3ckoii xomauaropoi kommnanueir EXEL Industries. B 2018 .
Hayarta paboTa Mo ajanTaliy IPOU3BOJAUMBIX ONpPbICKUBATENEH ISl 3P (HEKTUBHOTO
IIPUMEHEHHS B arpOTEXHOJIOTUAX MT0JI0COBOTO 3€MIIECITHSL.

BbiBOAbI

[Tpumenenue crocoda MoJI0COBOM XMMHUECKOH 00pabOTKH MO3BOJISIET CHU3UTh
TeKTapHYI0 HOPMY BHECEHHUSI XMMUYECKHUX CPEJICTB MO CPABHEHHIO CO CIUIOIITHON 00pa-
OOTKOM, HE CHI)Kasi HOPMBI U KadecTBa 00paboTKH 00BHEKTOB BO3/ICHCTBHSI.

[IpennoxxeHHbIN CIIOCOO MOJIOCOBON XMMHUYECKOH 00paOOTKH MOYBBI U PACTCHUH
HMMEET XOPOIINe NEPCTIEKTUBBI AJi MPUMEHEHHSI B CEJIbCKOM XO35HUCTBE C LIEJIbI0 KO-
HOMUHU 3aTpaT M PEUICHUs] SKOJIOTUYECKUX MpoOiIeM, a 10000py0BaHHbIE CEpUilHbIE
ONPBICKUBATENIN HITAHIOBOTO THUIA JOMOJHAIOT KOMIUIEKC MAIIUH /I I10JI0COBOM
00paboTku. beicTpas nepeHanaaka CepuitHbIX OMPBICKUBATENICH MO3BOJISIET IKOHOMUTh
3aTpathl pabOvYero BpeMEHH U JICHE)KHBIEC CPECTBA HAa MOKYIKY HOBOM TEXHUKH.

Onupasch Ha TEOPETHUUECKUE PACUEThl, OCHOBAHHBIEC HA MOJIYYECHHBIX JTaHHBIX
B JIADOPATOPHBIX YCIOBUSX, TIPU 00paboTKe KyIbTyp ¢ MexaypsaaseM 0,7 M CHHKEHUE
pacxona pabouero pactBopa coctaBuT 31,4%, a ¢ mexaypsaasem 0,9 M coOTBETCT-
BeHHO 38,9%.

PexomenyeTcst BBIOMpATh pacTbUIMTENH I JICHTOYHOTO BHECEHHS TepOUIINIOB
B paMKax MOJIOCOBOT'O BO3JEUCTBUS 1I€JIEBOT0 MHKEKTOPHOTO TUIIA U PACIbUIMTENIN
C TIOJIBIM KOHYCOM pacIiblIa.
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Litter feed additive as source of amino acids
and beneficial bacteria

Anna M. Stepanova, Nadezhda P. Tarabukina*, Marfa P. Scryabina,
Mikhail P. Neustroev, Svetlana I. Parnikova
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Abstract. Feed additive was derived from poultry manure by microbiological synthesis. After a 10-day
feeding poultry with probiotic strains of bacteria B. subtilis TNP-3 and B. subtilis TNP-5, the litter does not
contain potential enteropathogens and can be used as a raw material for feed additive. Based on the results
of microbiological and biochemical studies the technology of feed additive (powder) with the use of extrusion
was developed. Extrusion at a temperature of up to 120 °C for 5—6 seconds provides presence of beneficial
bacteria and significantly high content of essential amino acids. According to the results of biochemical
studies, litter feed additive contains 18 free amino acids. The total concentration of free amino acids
in the feed additive (powder) is 406.3 mg/kg, which is 1.7 times higher than that in the litter without fer-
mentation and extrusion. The experiments have shown that inclusion of 3.3% feed additive in the diet
does not have negative effect on physiological state, viability and productivity of laying hens. Survival
of birds in both groups was 100%. Additive application in the experimental group of chickens revealed
absence of opportunistic pathogenic microorganisms and microscopic fungi, presence of bifidobacteria
and spore-forming aerobic Bacillus bacteria in powder, as well as predominance of beneficial micro flora
and lack of potential enteropathogens (compared to control). It allows to conclude that feed additive obtained
by microbiological synthesis from bird droppings possess probiotic properties. The results of biochemical
study of egg production indicate that the use of food additives (to 3.3% of the basic diet) for laying hens
significantly increases content of major micro and macro-elements in eggs, compared to the control.
Therefore, the use of feed additive-powder (up to 3.3% of the basic diet) does not reduce egg quality.
Thus, based on the results of these studies, it can be concluded that the litter obtained from laying hens,
after application of probiotic ‘Nord-Bakt’, further fermentation with strains Bacillus subtilis TNP-3 and
Bacillus subtilis TNP-5, followed by extrusion can be used as a feed additive as a source of amino acids
and beneficial bacteria.

Key words: laying hens, bird droppings, probiotics, strains of bacteria, Bacillus subtilis TNP-3,
Bacillus subtilis TNP-5, exrusion, dust, free amino acids, beneficial microbiota, enteropathogens
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KopmoBaqa pob6aBka na nomerta —
MCTOYHUK aMMUHOKUCJIOT U NoJie3HbIX 0aKTepui

A.M. CrenanoBa, H.II. Tapadyxkuna*, ML.II. CkpsiOuna,
M.IIL. Heyctpoes, C.!. IlapunkoBa

OUII «Sxyrckuit Hayunslii ieHTp CO PAHY,
SAxyrcknit HUU cenbekoro xo3siictea um. M.I'. CadpoHoBa,
Axymck, Poccuiickaa @edepayus
*hotubact@mail.ru

AHHOTamus. /I3 NTHYbEro nomMera nyTeM MHKPOOHOIOTHYECKOr0 CHHTE3a MOJTyYeHa KOpMOBast
no6aska. [Tomer nrun ocsnie 10 1Hel BbInanBaHus MPOOHOTHKOM U3 mtamMMoB B. subtilis THII-3 u B. sub-
tilis THII-5 He comepXKUT MOTEHIIAIBHBIX SHTEPOIIATOICHOB U MOXKET OBITh HUCIOJIB30BAH B BUJIE CHIPHS
JUISL TIOJTy4eHHST KOPMOBO# 100aBkH. ITpH pa3paboTKe TEXHOIOTUH KOPMOBOI JOOABKH — ITyJpETa C IPH-
MCHEHHEM 3KCTPYIHPOBAHNS OCHOBBIBAINCH HA PE3YJIbTaTaX MHUKPOOHOJIIOTHYECKUX U OMOXHMMHYCCKHX
HCccTeoBaHni. DKeTpyaupoBanue npu Temmeparype 1o 120 °C B Teuenne 5—6 ¢ obecreunBaeT comepika-
HHE TOJIE3HBIX OaKTepHil M JOCTOBEPHO BBICOKOE COZICPKAHHE HE3aMEHHMBIX aMHHOKHUCIOT. I1o pesybra-
TaM OMOXMMHYECKHX HCCIIEIOBaHHIT B KOPMOBOH J100aBKE M3 IIOMETa COACPKUTCS 18 CBOOOIHBIX aMHHO-
kucior. OOImasi KOHLIEHTPAIKs CBOOOHBIX aMHHOKHUCIIOT B Iyapere cocTtasisier 406,3 mr/kr, uto 1,7 paza
BBIIIIE, YeM B oMeTe 6e3 (epMeHTamy 1 SKCTpyAupoBaHus. Kak moka3aim OIbBITH, BKIIOYCHHUE B PAIMOH
3,3% xOopMOBO#i T0OABKH HE OKa3bIBAET OTPHUIIATEIBHOTO JEHCTBHS Ha (PU3UOJIOTHYECKOE COCTOSIHHE,
XKHU3HECIIOCOOHOCTh M NPOLYKTUBHOCTh Kyp-Hecymiek. CoxpaHHOCTh ITull B obeux rpynnax — 100%.
OTCyTCTBHE YCIIOBHO-IIATOT€HHBIX MUKPOOPIaHU3MOB, MUKPOCKOIIIYECKUX IPHOOB ¥ MIPUCYTCTBUS OH(UIIO-
U cropooOpasyronux aspoOHbIX Oaktepuil pona Bacillus B myapere, a Takke npeoOasaHue NmpeIcTaBu-
TeJeil MoNe3Hoi HOpMOMIOPE! U OTCYTCTBHE ITOTCHIHAIBHBIX SHTCPONATOICHOB Y ONBITHON TPYIIIBI KYp
TOCTIe ero MpUMeHeHHs (0 CPaBHEHHIO ¢ KOHTPOJIEM) ITO3BOJISIIOT CeNaTh 3aKIIIOUeHHE O MPOOHOTHIe-
CKHUX CBOMCTBaX KOPMOBOH JT00aBKH, MOTYYEHHOH IyTeM MHKPOONOJIOTHYECKOTO CHHTE3a U3 ITHYBETO
nomeTa. Pe3ynbTaTsl OMOXMMHYECKOTO HCCIIEAOBAaHMS SIMYHON MPOMYKIMH CBUETENBCTBYIOT, YTO IIPHU-
MeHeHHe KOpMOBOH N00aBkU (10 3,3%) OT OCHOBHOTO pamyoHa Kyp-HECYIIEK JOCTOBEPHO MOBBIIIACT
coziep)kaHue OCHOBHBIX MHUKPO- U MaKpPO3JIEMEHTOB B SIHIIE, IT0 CPaBHEHHUIO ¢ KOHTposeM. CIie1oBaTeNbHO,
pUMEHEHHe KOPMOBO# 100aBkr — mynpeTa (10 3,3% OT OCHOBHOTO palMOHa) HE CHIDKAET KAaueCTBO
SIMTHOW TTPOIYKIIHH.

JlokazaHo, 4To (peKayuK OT MTHII IIPH KCIOIb30BaHus npenapaTta «Hopa-bakt» u nansHeleit dpep-
MEHTAIlMU UX coueTanueMm Oakrtepuit B. subtilis THII-3 u B. subtilis THII-5 mocie 3kcTpyanpoBaHus
MOTYT OBITh IPIMEHEHHI B Ka4eCTBE KOPMOBOH JOOABKHM KaK UICTOYHUK AMUHOKHCIIOT U TTOJIE3HBIX MHUK-
POOPTaHNU3MOB.

KuroueBble cj10Ba: Kypbl-HECYIIKU, ITHYKI TOMET, MPOOUOTHK, IITAMMBI OakTepui, B. subtilis
THII-3, B. subtilis THII-5, sxcTpyaupoBaHue, IMyIpeT, CBOOOJHBIE aMHHOKHCIOTHI, MOJIE3HASI MHKPO-
0OHOTa, SHTEPOIIATOTECHBI
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Introduction

Today, there are many poultry farms in the country, where chickens, geese, turkeys
and other bird species are bred in large quantities. Poultry products are meat, eggs, down
and feathers. At the same time, the amount of generated waste (bird droppings) can
often exceed the volume of the main production, reaching hundreds of tons per year.
Therefore, the task of developing safe and waste-free technologies for obtaining poultry
products, including organic waste in poultry complexes is urgent [1]. There are several
ways to utilize organic poultry waste: they can be used in crop production as fertilizers,
raw materials for feed additives, biofuels, as well as an additive for obtaining clean
water from wastewater. Feed additives from processed raw materials and animal waste
are not inferior to many feeds in nutritional value [2]. In addition, with bird droppings,
up to 30...35% of undigested feed is released. Depending on keeping and feeding con-
ditions, bird droppings can serve as a source of nutrients or as an environmental pol-
lution factor [3].

The aim of the study was to develop production of probiotic feed additives from
bird droppings processed using Bacillus subtilis bacteria strains.

Materials and methods

The research work was carried out at Yakutsk Poultry Factory and microbial drug
development laboratory of Physics and Technology Center of Siberian Branch of Russian
Academy of Sciences. Laying hens of Rodonit-3 cross from industrial herd of No. 18
workshop were studied. Raw poultry manure of chickens was used as material for ob-
taining a feed additive (powder) after a 10-day use of Nord-Bakt probiotic, 0.01 ml or
5 x 10" CFU per head, daily. For fermentation of fresh litter, Nord-Bakt was also used
(equal combination of B. subtilis TNP-3 and B. subtilis TNP-5 bacterial strains containing
5 x 109 CFU/ml) at the rate of 1 ml per 100 g of litter and kept for 2 days at a tempera-
ture of 25...28 °C.

Then, to obtain powder, litter was treated in a thermal way: passed through
Ekorm-1-1600.000 extruder. During the movement, the litter was heated and pressed
at a temperature of 100...120 °C for 5—6 seconds, then cooled and crushed. For expe-
riments on testing the obtained feed additive, laying hens at the age of 14 months
in the amount of 24 animals were selected. An experimental group of laying hens
received 3.3% of the powder from the main diet. The control group received the main
diet without powder. The content was similar, corresponding to zootechnical standards,
drinking was grooved with free access.
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Microbiological studies of powdered samples and bird droppings were carried out
for presence of bifidobacteria, enterococci, aerobic spore-forming bacteria, mesophilic
aerobic facultative anaerobic microorganisms, enterobacteria, staphylococci, microscopic
fungi according to the accepted standards [4—7]. Biochemical studies of powder and
eggs were carried out on NIR SCANNER model 4250 infrared analyzer. The data were
processed using the Snedecor program, Microsoft Excel, and Student's statistical
processing.

Results and discussion

In litter micro biota of the experimental bird groups after a 10-day watering with
Nord-Bakt probiotic, only representatives of intestinal normobiosis (lacto- and bifidobac-
teria, enterococci, aerobic spore bacteria) were present, no pathogenic staphylococci,
mold and toxigenic fungi were present, unlike litter of the control group of laying hens
where the probiotic was not used.

The study results confirm the data obtained by A.M. Stepanova [8], when Nord-
Bakt probiotic ensured microbiological survival of poultry waste.

High-temperature drying allows to effectively neutralizing the litter from oppor-
tunistic and pathogenic bacteria, while maintaining useful elements. Upon receipt
of the powder, we proceeded from the results of microbiological and biochemical
studies. Microbiological studies analyzed normoflora survival: bifidobacteria, entero-
cocci, spore-forming aerobic bacteria and absence of pathogenic microorganisms.
As the results (Table 1) showed, the absence of opportunistic microorganisms and
microscopic fungi in the powder provided the extruder drying mode at 100...120 °C
for 5—6s.

Table 1
Number of microorganisms in litter feed additive, CFU/g
Number of microorganisms, CFU/g
Type of microorganisms After heat treatment

Before heat treatment (extruder)
™C 7x10" 4.8x10°
Spore bacteria (Bacillus sp.) 8x10* 1.2x10°
Lactobacillus (Lactobacillus sp.)
10’ 1.9x10° -
10° 1x10° -
10° - -
Bifidobacteria (Bifidum sp.)
10" +++ +++
10° +++ +
10° +++ -
Enterococci (Enterococcus sp) 1.7x10° 3.2x10°
Escherichia L + (Escherichia sp) 9.2x10" -
Escherichia L—- (Escherichia sp) - -
Staphylococci (Staphylococcus sp) 6x10° -
Yersinia (Yersinia sp) - -
Microscopic fingi Yeasts -

Designation. L+: Escherichia fermenting lactose; L-: Escherichia not fermenting lactose; —: lack of growth;

+: single growth; +++: intensive growth.
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Litter fermented with B. subtilis strains (1 ml or 5 x 10° CFU per 100 g) and dried
for 2 days at 25...28 °C before applying heat treatment contained a significant amount
of bifidobacteria, lactobacilli up to 1.9 x 10° CFU/g, enterococcus — 1.7 x 10> CFU/g,
spore-forming bacteria — 8.0 x 10* CFU/g, lactose-positive Escherichia — 9.2 x 10* CFU/g,
staphylococcus — 6.0 x 10* CFU/g, also sporadic yeasts.

The obtained feed additive (powder) after extrusion had sharply decreased TMC,
bifidobacteria, enterococci; lactobacilli, lactose-positive escherichiae, staphylococci and
yeasts disappeared, and increased the number of spore-forming aerobe Bacillus bacteria
(up to 1.2 x 10° CFU/g), which were the basis of Nord-Bakt probiotic, used to obtain
powder from bird droppings. Preparations based on B. subtilis are known to withstand
heat and granulation [9, 10].

According to the results of biochemical studies, litter feed additive contains 18 free
amino acids (table 2). The total concentration of free amino acids in the powder is
406.3 mg/kg, which is 1.7 times higher than in the litter without fermentation and ex-
trusion. Free amino acids, getting into the blood, are involved in protein synthesis.
A mixture of amino acids, unbound free proteins in animal feed increases their immune
biological status, activates metabolism, improves appetite, digestibility of food and
resistance to various diseases [2, 11, 12].

The inclusion of 3.3% of the powder in the diet does not have a negative effect
on physiological state, vitality and productivity of laying hens. The survival of birds
in both groups was 100%.

Table 2
Amino acid analysis of litter and powder samples
Amino acid, Litter of chickens Litter after Powder after heat Proportion
mg/kg who took Nord- B. subtilis fermen- treatment of the total number
Bakt probiotic tation and drying through Ekorm of amino acids
with water for 2 days 1.1600.000 ex- in the feed additive, %
(0.01 ml per bird) at25...28°C truder
Aspartic acid 22.1+£01 27.5+11 45.1+0.3*** 9.1
Threonine 11.9+0.1 14.8+0.6 24.4+0.2*** 6.0
Serine 10.9+0.1 13.1+04 20.3£0.1*** 4.9
Glutamic acid 29.4+0.1 35.0+1.1 53.4£0.3*** 13.1
Proline 9.9+0.1 11.8£0.4 17.8£0.1*** 4.4
Glycine 13.2+0.1 15.7+0.5 23.7+£0.1*** 5.8
Alanine 19.2+£0.1 21.0+0.3 26.6+0.1*** 6.5
Cysteine 0.4+0.1 0.5+0.0 1.0£0.0*** 0.3
Valine 15.3+£0.1 18.5+£0.7 28.8+0.2*** 7.0
Methionine 6.0£0.1 7.3+0.2 12.2+£0.1*** 3.0
Isoleucine 13.7+£0.1 16.7+£0.6 26.6+0.2*** 6.5
Leucine 22.3+0.1 25.1+0.6 34.3+0.2*** 8.4
Tyrosine 11.7+£0.1 12.9+£0.3 16.9+£0.22*** 4.2
Phenylalanine 13.4+£0.1 14.9+£0.3 19.8+£0.1*** 4.9
Ornithine 0.6£0.1 0.7+£0.1 0.9+£0.1*** 0.2
Lysine 17.2+£0.1 19.1£04 25.3+0.1*** 6.2
Histidine 5.5%0.1 6.6+0.2 10.2+£0.1*** 2.5
Arginine — 16.0+0.2 19.0£0.1*** 4.7

Note. *** P> 0.001.
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Table 3
Microflora of litter after feed additive application

The number of microorganisms, CFU/g
Microorganisms
Experimental group Control group

™C 1.2+10° 1.2+10°
Spore bacteria (Bacillus sp.) 2.0+10° 43+10°
Lactobacillus (Lactobacillus sp.) 45+10° 1.2+10°
Bifidobacteria ( Bifidum sp.)
10" e+ ++
10° ++ +
10° + -
Enterococci (Enterococcus sp) 8.2+ 104 55+ 104
Escherichia L + (Escherichia sp) 9+10° 51+10°
Escherichia L— (Escherichia sp) - 1.4+10°
Staphylococci (Staphylococcus sp) 9.1+10° 1.6+10°
Yersinia (Yersinia sp) - -
Microscopic fingi - -

Designation. L+: Escherichia fermenting lactose; L-: Escherichia not fermenting lactose; —: lack of growth; +:
single growth; +++: intensive growth.

Table 4
Biochemical characteristics of chicken eggs after feeding with powder
Experimental group Control group
Elements
Yolk White Yolk White
Water, % 7.8+0.1* 14.9+0.1* 7.6+0.1 14.5+0.3
Protein, % 38.4+0.1* 81.3+0.4* 38.1+£0.2 79.9+0.8
Fat, % 55.7+£0.1* 5.4+0.2* 55.6+0.2 4.9+0.3
Carbohydrate, % 8.5+0.1** 9.6+0.1* 8.2+0.1 9.2+0.3
Ash, % 26.9+17.2* 8.3+0.1* 6.7+0.1 7.940.3
Sodium, mg % 171.6+1.4* 1071.0+7.3* 168.3+1.5 1048.9+14.0
Potassium, mg % 189.9+14 2.2+0.01* 186.7+1.4 2.1£0.1
Calcium, mg % 277.2+0.4* 79.3+0.4* 276.3+£0.3 77.9+0.8
Magnesium, mg % 34.9+0.2* 87.5+0.4* 34.4+0.2 86.4+0.7
Phosphorus, g/100 g 1.2+ 0.01 248.7 +2.3** 1.2%£0.01 241.6+4.5
Iron, mg % 29.6+0.3 11.7+£0.2* 29.0+0.3 11.0+04
Vitamin A, mg % 2.6+0.01 — 2.6+0.01 —
Vitamin B1, mg % 0.5+0.01 — 0.5%£0.01 —
Vitamin B2, mg % 0.8+0.01* 6.7+0.1 0.8%0.01 6.3+£0.2

Note. *P < 0.05; **P > 0.05.

Despite the absence and small number of beneficial microflora in the powder,
chickens of the experimental group (Table 3) showed a higher content of lacto- and
bifidobacteria in the intestinal microbiota, and the absence of lactose-negative escherichia
compared to the control chickens, which received the full main feed ration without feed
additives. The absence of opportunistic microorganisms, microscopic fungi, the presence
of bifidobacteria and Bacillus spore-forming aerobic bacteria in the powder, predomi-
nance of beneficial normoflora and the absence of potential enteropathogens in the
experimental group of chickens after its use (compared with the control) result in pro-
biotic properties of the feed additive obtained by microbiological synthesis from bird
droppings. The data obtained are consistent with the results of studies on the use
of feed additives based on B. subtilis, Bac. licheniformis [13—18].

The results of egg biochemical study (Table 4) indicate that the use of powder
(up to 3.3% of the main ration for laying hens) significantly increases content of main
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micro- and macro-elements in eggs, compared with the control. At the same time, egg
quality does not decrease. Thus, the litter obtained by litter extrusion after watering
with the Nord-Bakt probiotic and subsequent fermentation with B. subtilis TNP-3 and
B. subtilis TNP-5 is promising as a feed additive containing amino acids and beneficial
microorganisms.

Conclusions

1. The drying mode for litter feed additive with an extruder at 100...120 °C for
5—6 s ensures destruction of opportunistic pathogenic microorganisms and micro-
scopic fungi.

2. TMC sharply decreased in powder after extrusion, the number of bifidobacteria,
enterococci, lactobacilli, lactose-positive escherichia, staphylococcus, and yeast comple-
tely disappeared, but the number of spore-forming aerobic Bacillus bacteria increased
(1.2 x 10° CFU/g), which are the basis of Nord-Bakt probiotic used to obtain powder
from birds litter.

3. The litter contains 18 free amino acids. The total concentration of free amino
acids in the powder was 406.3 mg/kg, which was 1.7 times higher than in the litter
without fermentation and extrusion.

4. The inclusion of 3.3% of the feed additive in the bird ration did not adversely
affect the physiological state, viability and productivity of laying hens, significantly
increased the content of the main micro and macro elements in the egg.

5. The powder obtained by extruding bird droppings after watering with the Nord-
Bakt probiotic and fermenting with B. subtilis TNP-3 and B. subtilis TNP-5 strains can
be added as a source of amino acids and useful bacteria to the ration of laying hens.

BBepeHune

Ha cerogusmnMii eHs B CTpaHe CYIIECTBYET MHOXECTBO nruuedadpuk, rae
B OOJIBIINX KOJIMYECTBAX Pa3BOAAT Kyp, TyCeid, HHIECEK U Apyrue BUIbI NTUIl. [IpoayKTh
Npou3BOICTBA nTUieabpuk — MsIco, siflia, mepo u myx. [Ipu 3ToM Hepeako Koiuye-
CTBO 00pa3yIOMIMXCSl OTXOJ0B (2 UMEHHO NTUYBEr0 MOMETa) MOXKET MPEBHIIIATh 00beM
OCHOBHOM MPOJYKIIUH, JOCTUTasi COTEH TOHH B TOJ[, B CBS3HM C YeM aKTyallbHa 3a/1a4ya
pa3paboTku 6e30MmacHbIX U 0€30TXOTHBIX TEXHOJIOTHIA MOTYYESHHUS TPOTYKIHH MITHIIC-
BOJICTBA, BKIIIOYAIOIINX OPTaHUYECKUE OTXOJIbI B MTUIIEBOIYECKUX KOMILIeKcax [1].
Cy1ecTByeT HeCKOJIBKO CITOCOO0B YTHIU3AIMH OPTaHUIECKUX OTXO/I0B MTHIIEBO/ICTBA!
UCTIOJIb30BAaHNE WX B PACTCHHUEBOJICTBE KAaK YAOOPEHUH, CHIPBS sl MTOMYyYSHUsT KOp-
MOBBIX J00ABOK, MOJTy4YeHHE OMOTOIUINBA, @ TAK)KE YUCTOM BOJIBI U3 CTOYHBIX BoJ. Kop-
MOBBIE JI0OABKH U3 MEPepadOTaHHOTO CBIPbs M OTXOJIOB )KHBOTHOBOJICTBA HE YCTYIAIOT
MHOTHM KOpMaM M0 MUTaTeNbHON 1eHHOCTH [2]. Kpome Toro, ¢ moMeToM NTHIl BEIXOAUT
1o 30...35% He nepeBapeHHOro KopMma. B 3aBucUMOCTH OT yCJIOBUM coaepkaHus
¥ KOPMJICHHUS ITULBI ITHYMIA TIOMET MOXKET CITY)KHTh UCTOYHHKOM TIOJIE3HBIX BEUIECTB
WK (HaKTOPOM 3arps3HEHUS TPUPOTHOM cpebl [3].

Lenp uccnenoBanusi — pa3pabOTKa MPOU3BOACTBA MPOOUOTUIECKOM KOPMOBOI
N00aBKU M3 MITHYBETO MTOMETa, MepepaboTaHHOrO ¢ MPUMEHEHHEM IITaMMOB OaKkTepuit
Bacillus subtilis.
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MaTtepuansl u meTOAbI

Hayuno-uccnenoparensckast padora nposegeHa B OAO «SIkyTckast nruiiedaOprkay
Ha Kypax-Hecyllkax kpocca «PooHHUT-3» NpOMBIIUIEHHOrO cTajga B nexe Ne 18 u sa-
6opartopuu 1o pazpaborke MukpoOHsix npenaparos ®I'BYH OUILL «IHL] CO PAH»
SHUNCX. B xauecTBe ChIpbs IS IOMyYSHHUsT KOPMOBOI T0OABKH (ITy/IpeTa) UCTIONIB30-
BJIM CHIPOW NTHUYMI TIOMeT Kyp nociie 10-aHeBHOr0 npruMeHeHus npoobuoruka «Hopa-
bakt» 1o 0,01 M1 wu 5x107 KOE Ha 1 rosnoBy, exemaneBHo. 11 epMEeHTAIMU CBEXe-
MOJTyYEHHOT'0 TIOMEeTa MCIOJIb30BaIM Takxke npenapat «Hopn-bakt» (npeacrasistrormit
paBHOE coueranue mrTaMmoB Oaktepuii B. subtilis THII-3 w B. subtilis THII-5 u conep-
xanmit 5x109 KOE/mn) u3 pacyera 1 mi Ha 100 1 moMeTa 1 BbIIEp)KUBAIIN B TEUCHUE
2 nHeyt npu Temnepartype 25...28 °C.

3ateM A7 OTydeHus Iy apeTa 00paboTanu MoMeT TEPMUYECKUM CIIOCOO0M: IPo-
MyCTWIIN Yepe3 IKCTpyaep Mapku «IxopM-1-1600.000», nmpu 1BUKEHUH TOMET HOA-
Beprajics pa3orpeBy u npeccosanuto npu temmeparype 100...120 °C B Teuenue 5—6 c,
3aTeM OXJIAXKIICHUIO U M3MENIbUCHHUIO. J{JIsl ONBITOB 1O MCIIBITAHHIO MTOJTYYSHHON KOPMO-
BOH 100aBKM OTOOpaHBI KyphI-HECYIIIKU B Bo3pacte 14 mecsiieB B KOMU4ecTBe 24 TOJIOB.
OnbITHas Tpynna Kyp-Hecyiuek noiyyana 3,3% myzapera oT OCHOBHOro panuoHa. KoHt-
pOJIBbHAS TpPYIIa Mojydalia OCHOBHOW paiioH Oe3 mynapera. CopepkaHue aHaJIOTUYHOE,
COOTBETCTBYIOILIEE 300TEXHUYECKUM HOpMaM, IOEHHE JKeJI00KOBOE, TOCTYII CBOOOIHBIH.

MukpoOnoIOoTHIeCKHe UCCIIeIOBaHMs MPo0 My IpeTa, MOMeTa NTHII POBEICHBI
Ha Haim4ue 6upuI0-IaKTOOAKTEPH, SHTEPOKOKKOB, a9POOHBIX CIIOPOOOPa3yIOIINX OaK-
TEpHA, TAK)KE Ha COAEPIKaHNe ME30(MIBHBIX adpPOOHBIX (haKyIbTaTUBHO-aHAIPOOHBIX
MUKPOOPTraHU3MOB, SHTEPOOAKTEPUi, CTa(UIOKOKKOB, MUKPOCKOIINYECKUX I'PUOOB,
1o OOMIETIPUHATHIM MeToAuKaM [4—7]. buoxuMudeckue uccienoBanus myapeTa u sSuly
nposenensl Ha uHppakpacHoM aHanmm3aTtope MKA NIR SCANNER model 4250.
OO0paboTKy MOIyYEHHBIX JIAHHBIX ITPOBOJIMIIM € UCIOIBb30BAaHUEM ITpOrpaMMsbl Snedecor,
Microsoft Excel u Takyke HCHOIb30BaIM CTATUCTHUYECKYIO 00paboTKy 1m0 CTBIOJCHTY.

Pe3ynbTaTbl M 00CYXAEHUS

B MukpoOuoTe nomera OnbITHBIX TPYMIl NTHULL Tocie 10-IHeBHOro NoeHus! pooHo-
THKOM «Hopa-bakT» NpuUCYTCTBYET TOJBKO NMPEACTaBUTEIM HOPMOOHO3a KUIIIEYHUKA
(;axTo- 1 6GudunodaKTEpHH, FHTEPOKOKKH, a9pOOHBIE CIIOPOBBIE OAKTEpUH), HE COJIEep-
’KaTcs MaTOTeHHbIe CTAQHIOKOKKH, INIECHEBbIE U TOKCUICHHbIE TPUOBI B OTJIMYHE
OT IOMETa KOHTPOJIbHOM I'PYHIIbI Kyp-HECYIIEK, Y KOTOPBIX HE IPUMEHSIICS Mpernapar.

Pe3ynbpTathl HCCIEIOBaHUM NOATBEPKAAIOT AaHHBIE, omy4yeHHble A.M. CtenaHo-
Boii [8], 0 ToM, uTO npuMeHeHue npoduotuka «Hopa-bakr» obecnieunBaer MukpoOuo-
JIOTUUYECKYIO0 O€30I1aCHOCTh OTXO0JI0B NTULIEBOACTBA.

BricokoTemneparypHas cylika 1mo3BoJisgeT 3(p(HEeKTUBHO 00€3BpeAUTh MOMET
OT YCJIOBHO-IIATOTE€HHBIX M MATOT€HHbIX OaKTEepUl, COXpaHss MPHU 3TOM I0JIE3HbIE
aneMeHThl. [Ipu nomydeHuu myapera UCXOJUIN U3 Pe3yIbTaTOB MUKPOOHOIOTMYECKHX
1 OMOXMMHUYECKHUX HcciiefoBaHui. [Ipn MUKpOOHOIOrHYECKOM HCCIIEJOBAaHUU YUHU-
TBHIBAJIM COXPAHHOCTB Ipe/ICTaBUTENEH HOPMOGIIOpBI: OUBHI0-TaKTOOAKTEPUH, SHTEPO-
KOKKH, CIIOpoo0pasyrole a3poOHble OaKTepUu U OTCYTCTBHE MAaTOI€HHBIX MHKpOOpPTa-
Hu3MOB. Kak mokazanu pe3ybTarhl uccienoBanuil (tadmi. 1), oTcyTcTBHE yCIOBHO-TIA-
TOT€HHBIX MUKPOOPIaHU3MOB U MUKPOCKOIUYECKUX IPUOOB B IyApeTe o0ecrednBaeT
peXHUM CyLIKH IKcTpyaepoMm npu temmeparype 100...120 °C B reuenune 5—6 c.
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Tabnvua 1
KonunyecTBO MUKpOOpPraHn3MoB B KOPMOBOi Ao06aBke u3 nometa ntuu, KOE/r
KonuyecTtBo mmkpoopraHnamos, KOE/r
HazsaHns Mmkpoopranmamos [0 TEePMUYECKOIA nocne TepMuU4ecko
06paboTkn 06paboTku (aKCTpyaep)

KMADAHM 7+10° 4,8+10"
Cnoposele 6akTepun (Bacillus sp.) 8+10 1,2+ 10°
NakTtobakTepuu (Lactobacillus sp.

1 pun | P) 1,9+10° -
10
10° 1+10° -
10° - -
5m1c]>m,u.o6aKTepvw| (Bifidum sp.) it et
10
10° +++ +
10° +++
OHTEpPOKOKKM (Enterococcus sp) 1,7+ 10° 3,2+ 10°
Owepwuxum J1+ (Escherichia sp) 9,2+ 10*
Owepwuxumn J1- (Escherichia sp) - -
Cradunokokku (Staphylococcus sp) 6+10° -
MepcuHum (Yersinia sp) - -
Mwukpock. rpunbbl Apoxekun -

0603HaueHus. JT+ — awepuxun, hepMeHTHpYoLme NakToay; J1- — awepuxmn, He GepMeHTUPYIOLLME NaKTo3Y;
— — OTCYTCTBWE POCTA; + — €AUHUYHbIN POCT; +++ — NHTEHCUBHBIN POCT.

ITomer, ¢epmenTHpOBaHHBIN IITAMMaMu OakTepuil B. subtilis (13 pacuera 1 M1 uim
5x10° KOE na 100 r) u BHICYIIEHHBI B TeueHue 2 AHeil mpu Temmepatype 25...28 °C
JI0 TIPUMEHEHUS TEPMUUYECKON 00pabOTKH, CONEPIKUT 3HAYNTEIBHOE KOJIMYECTBO Ondu-
nobakTepuii, nakrobakrepuii 10 1,9 x 10° KOE/r, surepokokkos — 1,7 x 10° KOE/T,
cropoobpasyromux 6akrepuii — 8,0 x 10* KOE/T, 1aKT030I10J0KUTEIbHBIX SIIEPHU-
xuit — 9,2 x 10* KOE/r, crapunokokkos — 6,0 x 10* KOE/r, Takxke eIMHUYHbIE
JIPOACKH.

B nomydyenHoil KOpMOBOii H00aBKe (IyIpeTe) Mmociie SKCTPYAUPOBAHUS PE3IKO
cokparmiock KMA®AHM, konudecTBo O6upumodakTepuii, FHTEPOKOKKOB (IIPUMEPHO
Ha 2 TOPSIZIKA), UCUYE3ITH JIAKTOOAKTEPUH, JTAKTO30II0JIOKUTEIbHBIE SUIEPUXUH, cTadu-
JIOKOKKH, IPOACKHU, U B TOKE BpPEeMs HE TOJIbKO COXPAHUIIOCh, HO M YBEJIMYUIIOCH YHCIIO
Cropoo6pasyroIKx a’spoOHbIX GakTepuii pona Bacillus (o 1,2 x 10° KOE/r), koTopsie
ABIIAIOTCSA OCHOBOM mpobunotuka «Hopa-bakT», HCnoap30BaHHOrO MpHU MOJyYEHUU
nmyApeTa U3 NTuubero nomera. Kak u3BecTHo, mpenaparsl Ha OCHOBe B. subtilis Bbinep-
’KUBAIOT HarpeBanue v rpanynuposanue [9, 10].

I[To pe3ynpTatam OMOXUMHYECKHUX HCCIIEIOBAHUI B KOPMOBOM JOOABKE M3 MOMETa
cogepkutcst 18 cBOOOHBIX aMUHOKHUCIOT (Tabi. 2). OO0mas KOHIEHTpalusi CBOOOIHBIX
aMUHOKHCIIOT B myzpere coctapisieT 406,3 mr/kr, uto 1,7 pa3a Bblle, 4eM B TIOMETE
6e3 GepmeHTau U SKCTpynupoBanus. CBOOOIHBIE aMUHOKUCIIOTHI, TTOTIa1asi B KPOBB,
y4acTBYIOT B cUHTe3¢ 0enkoB. CMeCh aMMHOKHUCIIOT, HECBA3aHHBIX CBOOO/IHBIX OEIKOB
B COCTaBe KOMOMKOPMOB YKHBOTHBIX MOBBIIIAIOT UX HMMYHOOHOJIOTHYECKHUI CTaTyC,
AKTUBM3HUPYIOT OOMEH BEIIECTB, YIIyUIIAlOT alleTHT, ePeBapuMOCTh KOPMOB U COIPO-
TUBJISIEMOCTH K Pa3InYHbIM 3a0oneBanusm 2, 11, 12].
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Tabnmua 2
AMUNHOKNCIIOTHBIN aHanNnM3 o6pa3uoB NnoMeTa u nyapeTta
AMUHOKMCNOTA, Momer kyp, Momet nocne Mynpet nocne Jons ot o6Liero

Mr/Kr NPUHUMABLLNX depmeHTaumm TepMUYEeCKOoM KonnyecTea

npoBuoTrK LwTaMMamu 06paboTku yepes aMUHOKUCAOT

«Hoppa-BakT» B. subtilis v cyLukun aKCTpyaep B KOPMOBOM

C BOOOW B J03€ | B TeyeHue 2 gHen «9KopM nobaske, %

13 pacyeta npv Temneparype 1.1600.000»
0,01 mnHa 1ron. 25...28°C

AcnaparvHoBas kucnorta 22,1+0,1 275+1,1 45,1 +£0,3*** 9,1
TpeoHuH 11,9+0,1 14,8+0,6 24,4+ 0,2*** 6,0
CepuH 10,9+0,1 13,1+0,4 20,3+ 0,1*** 4,9
nyTammHoOBas kncnorta 29,4+0,1 35,0+1,1 53,4+0,3*** 13,1
MponuH 9,9+0,1 11,8+0,4 17,8+0,1*** 4,4
MuuyH 13,2+0,1 15,7+0,5 23,7+0,1*** 5,8
AnaHuH 19,2+0,1 21,0+0,3 26,6 £0,1*** 6,5
LnctenH 0,4+0,1 0,5+0,0 1,0£0,0*** 0,3
Banun 15,3+0,1 18,5+0,7 28,8+ 0,2*** 7,0
MeTnoHuH 6,0£0,1 7,3+£0,2 12,2+0,1*** 3,0
N3onenumH 13,7+0,1 16,7+0,6 26,6 £0,2*** 6,5
NeliumnH 22,3+0,1 25,1+0,6 34,3+0,2*** 8,4
Tpo3uH 11,7+0,1 12,9+0,3 16,9+ 0,22*** 4,2
deHnnanaHnH 13,4+0,1 14,9+0,3 19,8+0,1*** 4,9
OpHUTKH 0,6+0,1 0,7+0,1 0,9+0,1*** 0,2
NnsnH 17,2+0,1 19,1+0,4 25,3+ 0,1*** 6,2
f'metnamuH 5,5+0,1 6,6+0,2 10,2+ 0,1*** 2,5
ApPruHuH — 16,0+0,2 19,0+0,1*** 4,7

lMpumeyvanune. *** P> 0,001.

Bxurouenue B paruon 3,3% myapeTa He OKa3bIBae€T OTPULIATENILHOTO JACHCTBUS
Ha (U3MOIOTHYECKOE COCTOSIHUE, KU3HECTIOCOOHOCTh M MPOAYKTUBHOCT Kyp-HECYIIIEK.
CoxpanHocts nitu1] B 06eux rpymmnax 100%.

HecmoTps Ha 0TCYyTCTBHE M Majoe KOJIMYECTBO MPEICTaBUTENEH MOIE3HON MUK-
podopsl B myapeTe, y Kyp ONBITHOW rpynmsl (Tabi. 3) B MUKPOOHOTE KHIIEUHUKA
OTMeUeHO 0oJiee BBICOKOE COJIepKaHUE JTaKTO- U Ou(pHI00aKTepuii, OTCYTCTBUE JIAKTO-
300TPHUIIATENBHBIX SMIEPUXHUA B OTIUYUE OT Kyp KOHTPOJIBHOM I'PYIIIBI, TOTYyYaBIIMX
TIOJTHBIN OCHOBHOM palmoH KOMOMKOpMa 6e3 KOpMOBO# 100aBkU. OTCYTCTBHE YCIOBHO-
MaTOreHHBIX MUKPOOPTaHU3MOB, MUKPOCKOIIMYECKHX IPUOOB, IPUCYTCTBHE OupuIo-
U criopooOpasyronux a’dpoOHbIX Oaktepuit poaa Bacillus B myapere, npeobnananue
NpeACTaBUTENeH MOIe3HOW HOPMO(MIOPHl U OTCYTCTBHE MOTEHIIMAIBHBIX SHTEPOIATO-
T€HOB y OMBITHOW TPYIIBI Kyp MOCIIE €r0 MPUMEHEHHS (10 CPABHEHUIO C KOHTPOJIEM)
00yCJIOBIMBAIOT MPOOHOTHYECKHE CBOMCTBA KOPMOBOM 100aBKH, MMOTYYEHHOU ITyTeM
MHUKpPOOHOJIOTMYECKOTO CHHTE3a U3 NTUYbEro rnomMeta. [lomydyeHHble JaHHBIE COTIacy-
IOTCSI C Pe3yJIbTaTaMU UCCIICIOBAHUHN 110 IPUMEHEHUIO KOPMOBBIX JJ00aBOK Ha OCHOBE
mTamMMoB Oaktepuit B. subtilis, Bac. licheniformis [13—18].
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Tabnya 3
Mukpodnopa nomeTa nTuL, Nocne NPUMEHeHUsi KOPMOBOW A,06aBKN
MukpoopraHmamel Konunyectso mukpoopraHnamos B dekanusax, KOE/r
OnbiTHas rpynna KoHTponbHas rpynna
KMADAHM 1,2+10° 1,2+10°
Cnoposeble 6aktepuu (Bacillus sp.) 20+10° 43+10°
NaktobakTepwun (Lactobacillus sp.
e pan( P 45+10° 1,2410°
5VI1CbVI,D.O6aKTepVIVI (Bifidum sp.) i -
10
10° ++ +
10° -
QHTEpoKokku (Enterococcus sp) 8,2+ 10" 55+10"
Swepuxun N+ Escherichia sp) 9+10* 51+10°
Auiepuxviv J1- (Escherichia sp) 1,4+10°
CTadunnokokkun HenaToreHHble 4 5
(Staphylococcus sp) 9,1£10 1,610
WNepcuHun (Yersinia sp) - -
Mwukpock. rpunbbl - _
lMpyumeyarmne. J1+ — awepunxmnn, depMeHTUpyowme nakTosy; J1- — awepuxuun, He pepMeHTUPYIoLUME NaKTo3Y;

— — OTCYTCTBWE POCTA; + — €AUHUYHbIN POCT; +++ — NHTEHCUBHBIN POCT.

Tabnnua 4

Pe3ynbTaTbl GMOXUMUYECKUX UCCIIeA0BAHUIA SULL KYP NOCJie CKapMIMBaHua nyapera

OnemMeHTbl OnbITHas rpynna KoHTponbHasg rpynna
Xentok Benok XXentok Benok

Bopa, % 7,8+0,1* 14,9+0,1* 7,6%0,1 14,5+0,3
Benok, % 38,4+0,1* 81,3+0,4* 38,1+£0,2 79,9+0,8
Xup, % 55,7+0,1* 5,4+0,2* 55,6+0,2 4,9+0,3
YrneBogbl, % 8,5+0,1** 9,6+0,1* 8,2+0,1 9,2+0,3
3ona, % 26,9+17,2* 8,3+0,1* 6,7+0,1 7,9+0,3
Hatpwuin, mr % 171,6£1,4* 1071,0£7,3* 168,3+1,5 1048,9+ 14,0
Kanuin, mr % 189,9+1,4 2,2+0,01* 186,7+1,4 2,1+0,1
Kanbuuin, mr % 277,2+0,4* 79,3+0,4* 276,3+0,3 77,9+0,8
Marnui, mr % 34,9+0,2* 87,5+0,4* 34,4+0,2 86,4+0,7
docoop, r/100r 1,2+0,01 248,7 +2,3** 1,2+0,01 241,6+4,5
XXeneso, Mr % 29,6+0,3 11,7+£0,2* 29,0+0,3 11,0+0,4
ButamuH A, mr % 2,6+0,01 — 2,6£0,01 —_
Butamun B, Mr % 0,5+0,01 — 0,5+0,01 —_
ButamuH B,, Mmr % 0,8+0,01* 6,7+0,1 0,8+0,01 6,3+£0,2

lNMpumevanne. *P < 0,05; **P > 0,05.

Pe3ynbTaThl OMOXMMHYECKOTO UCCIICOBAHUS IMUHOM Tpoaykuuu (Tabdi. 4) cBu-
JIETENILCTBYIOT, YTO NpUMeHeHue nyapera (10 3,3% OT OCHOBHOIO paluoHa Kyp-He-
CYIIEK) JOCTOBEPHO IOBBIIIAET CO/EP)KaHNE OCHOBHBIX MHUKPO- U MAaKpO3JIEMEHTOB
B si1e, 10 CPABHEHUIO C KOHTposeM. IIpu 3TOM He CHMKaeTcs KauyecTBO SIMYHOMU
npoayKuun. TakuM 00pa3oMm, MOATBEPKAACTCS MOTYUECHHBIH IyTeM SKCTPYAUPOBAHUS
noMeTa NTHll nocie nmoeHus npoduotrnkom «Hopa-bakt» u mocnemyromeit dpepmen-
Tanuu cycnensueit mramMMmoB B. subtilis THII-3 u B. subtilis THII-5 nepcnextuBex
B KaUeCTBE KOPMOBOH /100aBKM KaK MCTOYHHUK aMHUHOKHUCIIOT M IMOJE3HBIX MUKPOOP-

TaHU3MOB.
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BbiBOAbI

1. Pexxum cymku KOpMOBOHU JTOOABKH M3 IMOMETA MTHUI] SKCTPYAECPOM IPH TeMIIe-
patype 100...120 °C B Teuenue 5—6 ¢ obecrneynBaeT yHUUTOKEHUE YCIOBHO-11aTO-
T'€HHBIX MUKPOOPT'aHU3MOB U MUKPOCKOITMYECKUX I'PHOOB.

2. B myapere nocne skcTpyaupoBanus pe3ko cokparuiioch KMA®AHM, konu-
4yecTBO OupuaodakTepuil, SJHTEPOKOKKOB (IPUMEPHO Ha 2 MOPsSJKA), COBEPIIEHHO
MCYE3JH JTAKTOOAKTEPHH, JTAKTO30I0I0KUTENIbHbIE SIEPUXUH, CTADUIOKOKKH, IPOXIKH,
OJIHAKO YBEIIMYMIIOCH YHCJIO CIIOPOOOpa3yronux adpoOHbIx OakTepuii poaa Bacillus
(mo 1,2 x 10° KOE/T), KoTopsIe SBISIOTCA OCHOBOM npobuotuka «Hopa-Bakty, ucrnosns-
30BAHHBIM NP MOJIYYEHHUHU ITyIPETA U3 ITUYBETO TOMETA.

3. B xopMoBoii 106aBKe U3 nmomera coaepkutcs 18 cBoOOOIHBIX aMUHOKHCIIOT.
OOwras KOHLEHTpaIMs CBOOOJHBIX aMMHOKHUCIIOT B Iyapere coctaBuia 406,3 mr/kr,
gto 1,7 paza Bbille, 4eM B momere 6e3 hepMeHTANU U IKCTPYTUPOBAHHUS.

4. Bxutouenue B paruoH ntuil 3,3% KOpMOBO 100aBKH HE OKa3bIBAJIO OTPHIIA-
TEJIBHOTO JIEUCTBUS HAa (U3UOJIOIMYECKOE COCTOSIHUE, KU3HECTIOCOOHOCTh U MPOAYK-
TUBHOCTb Kyp-HECYILIEK, JOCTOBEPHO MOBBICUIIO CO/IEP’KAHUE OCHOBHBIX MHUKPO- U MaK-
PO3JIEMEHTOB B SIALIE.

5. Ilyaper, nony4eHHBII dKCTPYIUPOBAHUEM TIOMETA IITHUL[ IIOCIE IMOEHUS MIPO-
ouotukom «Hopn-bakT» u nanpHeinie ero gpepMeHTanuel CycrneH3nel mraMmMoB
B. subtilis THII-3 u B. subtilis THII-5, moxeT kak KopMoBasi 100aBKa 100aBIATbCA
B PALMOH Kyp-HECYIIeK B KAUECTBE HCTOYHNKA AMHUHOKHCIIOT M TOJIE3HBIX OAKTEPHIA.
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Abstract. Biocidal activity of Vernonia amygdalina was assessed on Rhipicephalus appendicu-
latus ticks responsible for livestock diseases in North and South-Kivu provinces. In vitro trials were
conducted in the laboratory of Lwiro Research Center for Natural Sciences to determine the lethal
dose for different days after ticks contact with extracts. Five different dosages of 1.25, 2.5, 5, 10,
20 g/mL were evaluated. Water was considered as positive control and Batycol as negative control.
The phytochemical screening of extracts of Vernonia amygdalina plant shows that this plant contains
several substances responsible for acaricidal activity, mainly saponins, terpenoids, steroids and tannins.
The experiment shows a mortality rate that varies with the concentration of the extracts; the most
fatal is 20 g/mL and decreases with exposure time. The aqueous extracts showed a progressive decrease
in mortality compared to ethanol extracts. This is due to the dissolution of the substances responsible
for this insecticidal activity. The study recommends the application of aqueous extracts of Vernonia
amygdalina in the fight against cattle ticks. Indeed, this is a natural insecticide available and easier
to prepare, non-toxic to humans and is rapidly degraded in the environment.

Key words: biocidal, Rhipicephalus appendiculatus, Vernonia amygdalina, aqueous extract,
ethanolic extract

© Bisusa M., Bagalwa M., Zirirane D.N., Mushagalusa N., Karume K., 2019.

This work is licensed under a Creative Commons Attribution 4.0 International License
B https://creativecommons.org/licenses/by/4.0/

VETERINARY SCIENCE 481



bucyca M. u op. Bectauk PYJIH. Cepust: ArpoHomust u xkuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 481—491

ACKNOWLEDGEMENTS

The authors would like to thank the Protestant Service for Development (Bfdw) for financial support.
Also, we are very grateful for the material support of the Natural Science Research Center / Lwiro
and all the technicians who accompanied us on the field and in the laboratory.

Article history:
Received: 15 July 2019. Accepted: 19 September 2019

For citation:

Bisusa M, Bagalwa M, Zirirane DN, Mushagalusa N, Karume K. Biocidal activity of the extracts
of Vernonia amygdalina against ticks responsible for livestock diseases. RUDN Journal of Agronomy
and Animal Industries, 2019; 14(4):481—491. doi: 10.22363/2312-797X-2019-14-4-481-491

Introduction

Ticks are ectoparasites that directly affect animal production and are responsible
for the transmission of several diseases such as Babesiosis, Theliosis, Anaplasmosis [1].
They are also vectors of serious parasitic or viral diseases such as the various rickettsioses
of domestic animals or humans. These diseases represent a real obstacle to livestock
development in endemic areas [1]. Ticks, because of the many infectious diseases that
they transmit to animals and the trauma caused by their bites, constitute a real obstacle
to the promotion and the profitability of the breeding. These diseases are responsible
for more than 63% of animal mortality in several countries [1]. Indeed, if the morbidity
rate is only 15 to 20% and the mortality rate of 5 to 10% in the traditional or native
cattle, it is not the same for the cattle of exotic origin, introduced into enzootic zone.
In these animals, the morbidity rate is higher in the order of 30 to 95% and the case
fatality rate can reach 100% in unstable enzootic status [1, 2].

In Central and Eastern Africa, the tick distribution of Rhipicephalus appendicu-
latus, Haemaphysalis leachi, Boophilis decoloratus and Ambliyomma brings about
the outbreak of various livestock diseases such as anaplasmosis, babesiosis and bovine
theileriosis [3]. In the Democratic Republic of Congo (DRC), several cattle sectors are
affected by anaplasmosis, babesiosis and theileriosis. In South Kivu cattle breeding has
been around for a long time. It is one of the major concerns for the population in rural
areas in general and particularly in the Bushi Mountains [4]. In this region, several para-
sitic diseases hinder the promotion of animal husbandry, including sometimes preventing
the potential improvement of the local breed of cattle by crossing exotic breed of brood
stock which, unfortunately, are very sensitive to these diseases. Faced with this menace,
various wherewithal of control has been applied with mixed success, including those
using acaricides. Indeed, the fight against ticks uses mainly synthetic chemicals but it is
currently facing the problems of cost, efficiency, environmental pollution and use.
It remains difficult to apply in our region of study given the poor income of breeders,
the difficult accessibility to products and ignorance of application techniques. A better
control strategy should therefore take these parameters into account. Thus, in order to find
a solution to the problems of livestock in South Kivu and in Bugorhe, Irhambi/Katana
sub-counties in particular, a study of acaricide effect of the plant Vernonia amygdalina
on ectoparasite cattle ticks Rhipicephalus appendiculatus Neumann was conducted
in vitro to determine the fatal and recommendable dose.
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Study areas. Irhambi/Katana and Bugorhe Sub-Counties are located between 2°15'
and 2°30' S and between 28°48'and 28°85'E, on the Eastern flanks of the Kahuzi-Biega
massif in South-Kivu, in the Democratic Republic of Congo where the samples were
collected. Several species of ticks are found in these Sub-Counties: Ambliyoma varie-
gatum, Haemaphysalis leachi, Rhippicephalus appendiculatus and Boophilis decolo-
ratus [2, 5]. Among these different species of ticks, Ripicephalus appendiculatus is
the vector of the Theileria parva, causal agent of theileriosis, Boophilis decoloratus
is the basis of Babesia bovis, Babesia bigemina, causative agent of Babesiosis and
Anaplasma marginal causative agent of East Coast fever.

Materials and methods

Plants sampling and preparation. Samples of Vernonia amygdalina were collected
in Lwiro, South Kivu Province, Democratic Republic of Congo in July 2016. The plant
was identified at the Botany Laboratory of Natural Science Research Center of Lwiro
in comparison with the specimens of the herbarium. The leaves were sun dried in the
open air and then pounded in a mortar to obtain a fine powder. Organic and aqueous
extracts were prepared according to conventional methods by maceration, techniques
most frequently used by breeders. A sample of 30 g of vegetable powder is macerated
in deionized water and another sample of 30 g in a hydro-alcoholic mixture (ethanol/water
70/30: V /' V) for 24 hours. The aqueous and hydro-alcoholic (organic) extracts are sepa-
rately evaporated under vacuum at a temperature of 40 °C. The residues obtained
in the two extracts are dissolved in deionized water to prepare the different concentra-
tions. A phytochemical screening was carried out on the aqueous and organic extracts
following the procedures proposed by Sofowora [6]. The alkaloids were detected by
the Drangedorff and Wagner reagents, the saponins were detected by the persistence
of the foam after stirring, the terpenoids were detected by Lieberman Buchard and
Hirschson reagents; steroids — by Lieberman-Buchard reagents and flavonoids —
by the reagents of Dechene, Murthi and Briggs [6, 7]. The results were noted as follows:
(+) reaction in trace or weakly positive; (++) positive reaction; (+++) strongly positive
reaction.

Harvesting ticks. The tick harvest was carried out as described by Pamo and his
collaborators [8]. Ticks were identified in the laboratory following the keys of Walker
and his collaborators [9] and only Rhipicephalus appendiculatus was selected for
this study.

Preparation of different doses for bioassays. After several preliminary tests, the
doses were chosen such that each concentration was twice the previous or the 1/10"
and five dilutions (1.25; 2.5; 5; 10; 20 g/mL) were prepared. After homogenization, using
a syringe, each of the solutions thus prepared was uniformly spread over a Whatman N°1
filter paper washer placed in a petri dish where the ticks were deposited in these suspen-
sions for 2 minutes. The ticks were removed and put in observation tubes for 4 days.
Every 24 hours, a tick count was carried out until the fourth day. One test consisted
of deionized water alone and another one of Bayticol Miticide as a control dose.

Toxicity study by contact of extracts. The evaluation tests of the toxicity by con-
tact of the extracts were carried out by depositing in the previously prepared petri dishes,
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15 ticks were selected for the bioassays. Three repetitions were performed for each dose.
The number of dead ticks was counted every 24 hours during the 4 days of each trial
and the mortality rate was calculated using the Abbott formula [10].

Mo —Me
C:—

x100,
0—Me

where Mo = mortality recorded in treated lots (%); Me = mortality recorded in controls (%);
Mc = corrected mortality (%).

Data analysis. The data obtained were subjected to analysis of variance after correction
of the observed mortalities compared to those of the controls and the differences between
the extracts. Regression of the dose logarithm of mortality was used to determine the DL,

Results and discussion

The biocidal activity of Vernonia amygdalina on the tick population Rhipicephalus
appendiculatus was evaluated in the laboratory by controlling tick mortality according
to the extracts but also the controls used (deionized water and Batycol Miticide). The results
of in vitro tests of the aqueous and organic extracts of the plant Vernonia amygdalina against
the tick species Rhipicephalus appendiculatus are presented in Table 1.

Table 1
Effect of extracts of Vernonia amygdalina on Rhipicephalus appendiculatus as a function of time

Exposure Plant Control Control

time . used used 1.25mg/mL | 2.5mg/mL| 5mg/mL | 10 mg/mL | 20 g/mL

) material A

in days water Bayticol®

T |Aqueous | sei61 | 100400 | 125497 | 17.043.1 | 196471 | 227400 | 100+0.0
extract
organic | 55101 | 100400 | 435+15 | 37.5+00 | 272400 | 15£00 | 47+00
extract

2 |AQuedus | 159,54 | 100£00 | 7.8414 | 182421 | 191494 | 2894120 | 0.0+0.0
extract
Organic | 139,04 | 100200 | 0.0+00 | 3.04100 | 428400 | 195+88 | 22525
extract

3 ’;ftfggtus 23.8+15.8 | 100.040.0| 7.6+10.2 |[13.0+11.3| 359+16.0 | 37.0+185 | 0.0+0.0
Organic
oo |288+15.8/100040.0| 45+45 | 53416 | 28.0+155 | 655+ 158 | 73.0+16.4

4 23?23“3 208+119 | 100+0.0 | 26.6+18.8 | 12.8+10.4| 166+12.2 | 11.4+25 | 0.0+0.0
Organic | 5484 11.9]100.040.0| 95+04 | 366+66 | 20418 | 00+00 | 0.0+00
extract

Generally, the mortality increases with the increasing concentration in the aqueous
extracts and in the organic extracts according to the days. High concentrations cause
high tick mortality. At the concentration of 20 mg/l, the aqueous extracts caused
a mortality rate of 100% while the ticks showed resistance in the first two days to organic
extracts. For the positive control, the “Batycol”, 100% of the tick mortality rate was
observed at the concentration used by farmers for the treatment of grazing animals.
While the negative control showed a low rate of about 5% on the first day of counting.
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Increasing the exposure period decreases the overall mortality rate in both extracts
(aqueous and organic). Table 1 shows that after exposure of ticks to extracts, the mor-
tality rate fluctuated with the concentrations.

Mortality rate averages and their standard deviation show differences depending
on the concentration of the products used. It is observed that the cumulative mortality
percentages of ticks change according to the extracts (Figure 1 and 2).

For aqueous extracts, 100% mortality rate was observed at 20 mg/mL concentration
for the 3 days of tick observation. The mortality rate rises 100% on the fourth day for
the concentration of 10 mg/mL.

m1Day m2Day m3Day m4Day
Mortality rate (%)

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10

0

1.25mg/mL 2.5mg/mL  5mg/mL 10mg/mL 20 mg/mL

Fig. 1. Cumulative mortality rates of aqueous extracts based on days of exposure

Mortality rate (%) u1Day m2Day =3Day m4Day
100 1
90
80
70 -
60 -
50
40 -
30
20
10 -

0

1.25mg/mL 2.5 mg/mL 5mg/mL 10 mg/mL 20 mg/mL

Fig. 2. Cumulative mortalities of ethanolic extracts by days of exposure
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Mortality rate (%)
35

30

25

20

15

10
=
0

1 Day 2 Day 3 Day 4 Day

Fig. 3. Mortality rate in the control (water) as a function of days of exposure

There are significant differences between the cumulative daily mortality rates as
a function of the concentrations (p <0.05) with an increase in the mortality rate at the
end of the fourth day of observation in aqueous extract. But, for ethanol extracts,
100% mortality rate was recorded on the third day at the concentration of 10 mg/mL
and on the fourth day at the concentration of 5 mg/mL.

The mortality rate of ticks Rhipicephalus appendiculatus (Figure 3) brought into
contact with water as a control is low and varies with exposure time.

The mortality rate of ticks in the control was less at the fourth day of exposition.
It was less than 30% as reported by other authors [11, 12]. This low rate would probably
be due to the manner in which the ticks were harvested (uprooting) from the animals,
they would have been traumatized and some would have been injured.

For the positive control, we used Bayticol which showed 100% mortality for the
concentration diluted to 1% used in the treatment of livestock in veterinary medicine.
As this product is synthetic, it kills ticks directly after contact. This observation was
also made for ticks treated with a concentration of 20 mg/mL aqueous extracts. Although
Bayticol is used in livestock treatment in South Kivu, ticks continue to cause significant
livestock damage due to the lack of access to this product by most herders. Experimenta-
tion with extracts of Vernonia amygdalina in the laboratory shows a cumulative mortality
rate of ticks which varies with the concentration of the extracts and decreases with
the time of experimentation. The aqueous extracts show a gradual decrease in mortality
as the ethanolic extracts. This would be due to the dissolution of the substances respon-
sible for this insecticidal activity. Indeed, despite their low efficacy on ticks Rhipicepha-
lus appendiculatus, these extracts were able to generate a mortality rate that exceeds
that of the negative controls (water) after 4 days.

In the aqueous extracts, the variation in the percentages of mortality decreases as
a function of the concentration of the products. Organic extracts varied also with concen-
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tration of the extracts tested as a function of time. This is due to the active acaricide
substances responsible for the activity found in the plant Vernonia amygdalina [6].
These crude extracts of the aqueous phase of this plant Vernonia amygdalina which
have shown an acaricidal activity, should be separated to isolate and concentrate
the active substances which, certainly, could have much lower lethal concentrations and
should be able to be promoted as an alternative acaridical substances in a region devas-
tated by repetitive wars and cut off imports of acaride products. This plant would be
a palliative solution insofar as it is accessible to the population. Indeed, active substances
responsible for this activity is more soluble in water than in ethanol; which shows that
the aqueous extracts are more active than the organic extracts based on ethanol that was
used in the acaricide activity test of this plant. Determination of DL, concentration
versus the logarithmic dose of the aqueous extracts for the first day of exposure yielded
the following regression equation:

Y=18.07 X—19.85 (R*=0.77).

DL, calculated from this equation is 15.44 mg/mL for the aqueous extracts of Vernonia
amygdalina. For ethanolic extracts, the mortality rate varies for the first day of contact;
it normalizes on the third day.

This would probably due to the amount of active substances soluble in these ethanolic
extracts. The phytochemical screening (Table 2) of this plant shows that it contains more phe-
nol, tannins, flavonoids, saponins and glycosides.

But also in the extracts, alkaloids and quinone which are known acaricides are pre-
sent as found Chifundera and his collaborators [7]. This plant is used for different me-
dicinal treatments because it contains several chemical substances that act differently
[13]. Indeed, since plant extracts are composed of several compounds with a multiple
action mechanism, they simultaneously solicit several physiological defense mechanisms
as opposed to specific pesticides that may have only one molecular target.

Results of variance analysis of concentration-corrected daily mortality data from
plant extracts Vernonia amygdalina showed significant differences between concentra-
tions (p < 0.05) and extracts (aqueous and organic). This has also been observed in other
tick studies [7, 14, 15] Vernonia amygdalina is
a medicinal plant that contains other substances
such as carvanol, flavonol, tymol that may be

Table 2
Phytochemical Screening Results

responsible for the insecticidal activity observed S , .
. R ubstances Vernonia amygdalina
in some tr1al.s [13, 1.6]‘. Some substapces endowed g oo o
with biological activity have been isolated from [ Alkaloids ++
the plant Vernonia amygdalina and would pro- | Glucosides il

. Flavonoids +++
bably be the cause of the mite effect. Of these  [Tannins P
substances, Vernodalin and Vemnosioside are known | Lipids and lipoids +
to have insecticidal, bacterial and anthelmintic ac- ?;erg;'g; = :
tivity [13]. It has been shown in previous studies [Phenols o+
that the activity of some plants may be due to the [ Quinone +t

action of the 3, 4, and 7-trihydroxy-3-methoxy-
7-glucoside flavone enzyme as in the plant Deverra
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scoparia. This enzyme has been found to inhibit the carboxylesterase responsible for
resistance observed in animals [17]. Thus, natural plant extracts can be the tools of
choice in pest resistance management programs for pesticides such as Thiodan, Dithane,
Dichloro diphenyl Trichloro Ethane.

Indeed, the use of extracts of acaricide plants in the laboratory using the direct
contact method is very effective at high concentrations (10 mg/mL). The results of this
study show that the application of aqueous extracts is one of the methods to be used
in the fight against cattle ticks. Indeed, natural insecticides are easily available and cost
nothing for their preparation. In addition, they are not toxic to curative doses in humans
and degrade rapidly in the environment [18].

The success of plant extracts in the fight against Rhipicephalus appendiculatus is
certainly due to the fact that they combine certain advantages such as great protection
for the environment while offering the possibility of being used in the manner of a chemi-
cal insecticide.

According to studies by Chiasson and Beloin [19], no case of resistance to plant
extracts has been found. Thus, the use of Vernonia amygdalina in the fight against ticks
is very interesting means control as this plant has already been used by breeders without
knowing the lethal concentrations. Some other plants are used by breeders in other
countries such as in Benin and has been proved their potential effect on ticks [20—22].
Plant extracts are made up of several chemical substances with different multiple action
mechanisms; these directly result in several defense mechanisms of the target species,
unlike synthetic pesticides with only one active molecule. This advantage of plant extracts
allows us to consider that after thorough studies, the use of these natural extracts
in the fight against ticks would be a path of integrated pest management solution.

Conclusion

This work confirms the potential of Vernonia amygdalina against ticks Rhipicepha-
lus appendiculatus in the laboratory. The results of this study show that the aqueous and
organic extracts of the leaves of this plant are toxic for ticks Rhipicephalus (Boophilis)
appendiculatus. The percentage of mortality increases with the increase in the concen-
tration of extracts and decreases with the exposure time. These results encourage us to
carry out a study of the activity of these extracts for the treatment of ticks in livestock
farming, especially in villages where access to synthetic products is a problem. The
effective substances present in the extracts should first be identified for isolation and
subsequent testing. It will thus be possible to develop preparations that can have acari-
cidal effects. This would allow for an integrated pest control program to effectively con-
trol ticks that target livestock. Vernonia amygdalina is a common plant in the region;
its use by breeders would be less expensive, effective, having low environmental impact
and would contribute to the fight against cattle diseases transmitted by ticks.
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AHHOTanusl. BUOIMIHYIO aKTUBHOCTE Vernonia amygdalina onienuBany Ha kiemax Rhipicephalus
appendiculatus, OTBETCTBEHHBIX 32 3a00JI€BaHMS CKOTa B CEBEPHBIX U IOXKHBIX NPoBUHIMAX KuBy. Vcnbita-
HUS B TIPOOMPKE TIPOBOUIIKCH B Jlaboparopun HaydHo-HcCle[0BaTeIbCKOro eHTpa JIBUpo, 4To0bl ompe-
JEUTh CMEPTENBHYIO 103y ISl pa3HBIX CPOKOB MOCIIE KOHTAKTA KJIEIIeH ¢ 9KCTPaKTaMH. BpUTH oreHeHbI
ISITh pasiuyHbIX 103 1,25, 2,5, 5, 10, 20 r/mi. Bopa paccmarpuBanach Kak MOJOXKHUTEIbHbIH, a batukon —
OTpHLATENbHBIN KOHTPONb. DuToXxuMuueckas o0paboTKa IKCTPAKTOB pacTeHust Vernonia amygdalina
TIOKa3bIBALT, YTO 3TO PACTEHHE COAEP)KUT HECKOJBKO BELIECTB, OTBETCTBEHHBIX 33 aKapHLHIHYIO aKTHB-
HOCTh, B OCHOBHOM CAaTlOHHHBI, TEPIICHOM/IbI, CTEPOUIBI M TYOWIIbHBIC BElIECTBA. DKCIEPUMEHT MOKa3bI-
BAaeT yPOBEHb CMEPTHOCTH, KOTOPBII 3aBUCHUT OT KOHLIEHTPALUK SKCTPAKTOB (Hanboee aranbHa 20 /M)
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Y YMEHBIIAETCS CO BpEMEHEM BO3/ICHCTBUSI. BOIHBIE IKCTPAKTHI MOKA3AJIH MPOTPECCHUBHOE CHIDKEHHE
CMEPTHOCTH IO CPABHEHUIO C ATAHOIBHBIMU IKCTPAKTAMH. DTO CBA3aHO C PACTBOPEHHUEM BEIIECTB, OTBET-
CTBCHHBIX 338 MHCCKTHLHUIHYIO aKTHBHOCTb. B HCCIEIOBaHHH PEKOMEHIYeTCsl MPUMEHEHHE B OOphOe
C KJICIIIAMH KPYITHOTO POraToro CKOTa BOIHBIX 3KCTPAKTOB Vernonia amygdalina, TPUPOIHOTO MHCEKTULIA/A,
JIOCTYITHOTO U JIETKO IPUIOTAaBIMBACMOr0, HE TOKCHYHOT'O JUI YeJIOBEKa M OBICTPO Pa3iiararoIerocs
B OKpY’KaroIIeH cpere.

KuroueBble cjioBa: Ououuanelid, Rhipicephalus appendiculatus, Vernonia amygdalina, BOIHBIH
9KCTPAKT, TAHOJIBHBII 3KCTPAKT
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Abstract. The rate of benign tumor detection in slaughtered cattle was studied. Tumor pathology
was detected on average in 0.04% of the studied livestock. Manifestations of various new growths in this
animal species have specific features. Tumors are detected 2—3 times more often in cows and bulls than
in young animals. The veterinary and sanitary characteristics of cattle meat affected with benign tumors
were compared with those of animal meat without tumors. Affected meat had deviations in physical proper-
ties, chemical composition of meat affected with tumors, content of primary protein breakdown products,
volatile fatty acids (+0.05 mg/KOH) and amino-ammonium nitrogen (+0.54 mg/%) compared with meat
of healthy cattle. It was revealed that the samples of meat affected with tumors were highly contaminated
with microorganisms (0.28...0.80x10%), including coliforms and St. aureus. Pathogenic bacteria of the genera
Salmonella, L. monocytogenes, Cl. perfringens etc. were not detected in the test samples. In meat affected
with tumors, relative bioavailability decreased by 4.99...13.87% and safety — by 5.89...13.89% as com-
pared to meat of healthy cattle. Based on the data obtained, proposals were developed on the most rational
and safe use of meat from animals affected by benign tumors for food and feed.
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AnHoTanus. V3ydeHa 4acToTa BBIIBICHUS JOOPOKAUECTBEHHBIX OITyXOJIeH y yOOHHOro KpyrnHOro
poraroro ckora. OryxoseBas rmarosiorus BeisiBisiercs B cpenteM y 0,04% ucciemxyemoro noronosbs. Otme-
YeHbI 0COOCHHOCTH TMPOSIBIICHHS Pa3IMYHBIX HOBOOOPA30BaHHUH Y TAHHOTO BHJIA )KUBOTHBIX. B TyIax KopoB
1 OBIKOB OITyXOJIU BBISIBIISIIOTCS B 2—3 pasa yale, ueM y MostogHsaka. OnpeiesieHbl BeTepUHApHO-CaHU-
TapHbIe MMOKa3aTeIH Msca KPYIHOT'O POTaToro CKOTa IPH BBISABICHHH JOOPOKAaueCTBEHHBIX OITyXOJei
B CPaBHEHHUH C MOKA3aTeIsIMU Msica )KUBOTHBIX 0€3 mopakeHHs omyXossiMu. OOHapyKEHBI ITPU OITyXOJISIX
OTKJIOHEHHSI B (PU3UKO-XUMHUUECKHX CBOMCTBAX M XUMHUYECKOM COCTaBE MsCa, a TAKXKE B COACPKAHUN
MPOAYKTOB MEPBUYHOTO paciazna OSIKOB, JIETYYHX KUPHBIX KHCIOT 1 aMHHO-aMMHAYHOTO a30Ta IO CpaB-
HEHHUIO C MSICOM 3JI0pOBOT0O CKOTa. B 00pasiax Msca KMBOTHBIX, TIOPaKEHHBIX OIyXOJISIMH, BBISBJICHA
TMOBBIIIEHHAS KOHTAMMHAIHSA Mukpoopraausmamu (0,28...0,80x10%), B T.4. 6aKTepUH TPYIIbl KUIIEYHBIX
nanouek u St. aureus. Ilarorennsie Oakrepru poma CaneMonema, L. monocytogenes, CL. perfringens u np.
B HICCIIElyeMbIX 00pa3iax Msca He OOHapyxeHbl. OTMEYEHO CHH)KEHHUE OTHOCHUTENLHON OHOIOrHYecKon
neHHocTH Ha 4,99...13,87% 1 6e3BpeIHOCTH Msica )KUBOTHBIX, TOPAKEHHBIX OIMyX0oJsaMH, Ha 5,89...13,89%
IO CPaBHEHHIO C MSCOM 3JI0pOBOTO cKoTa. [loydeHHble TaHHBIE MTO3BOMIIN pa3padoTaTh aBTOpaM Ipel-
JIO)KEHUS 110 MCIIOJIb30BAHUIO B MUILEBBIX M KOPMOBBIX LEJSX MsICa )KUBOTHBIX, MIOPAKEHHBIX 100poKa-
YECTBEHHBIMHU OITYXOJISIMH.
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CaHHUTapHas dKCIEPTH3a, (PU3HKO-XUMUUECKHE MOKa3aTeli, MHKPOOUOIOTHYECKHE HUCCIISIOBAHNS, BETEPH-
HapHO-CaHUTApHAs OLIEHKA
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Introduction

Questions of benign and malignant neoplasms in animals are of great interest both
from the general biological and medical, as well as from the veterinary points of view.
According to several authors, benign and malignant tumors are found in different animal
species. Tumors in domestic carnivores are detected in 0.7...1.4% of cases. According
to literature data, tumors in slaughtered animals reveal 0.02...0.04% of the number
of killed livestock [1—4].

The increased interest in the study of tumors is due to a noticeable increase
in the frequency of their detection and economic losses in animal husbandry, which are
associated with culling and slaughter of productive livestock in tumor diseases [5—S8].

The study of the spread and frequency of detection of tumors in animals of different
species is one of the important directions in research on the problem of cancer. The sta-
tistical data on the spread of tumor diseases in animals in different countries are quite
contradictory. This is due to the fact that in some countries the diagnosis of tumors and
registration of patients with tumors of animals is carried out more strictly, while in others
this disease remains poorly understood and is not recorded [1, 9, 10].

Information about tumors in animals that live to an extreme age (dogs, cats, horses,
cattle, etc.) more fully reflects actual state of the problem under consideration, while
information about tumors in other animals which are prone to slaughter at a younger
age (pigs, sheep, goats, rabbits) is limited. It is known that various neoplasms are more
common in animals in the second half of their life, i.e. in adulthood and old age.
The infection of such animals by tumors is about 0.08...0.21%. But more often fattening
animals are sent to meat processing plants at a young age, in which tumors are diagnosed
less often. This makes it difficult to make a correct conclusion about the incidence
of tumors in various animals, especially young cattle, sheep, goats, and pigs [11, 12].

According to clinical signs and pathological anatomical picture, tumors in animals
are divided into benign and malignant. This classification is of great importance
in the veterinary-sanitary examination of carcasses and organs of sick animals. When
examining the products of slaughter, it is taken into account that benign or mature
tumors consist of cells similar to tissue cells in which they develop. They are surrounded
by their own membrane and have a feature — central slow growth, while compressing
the surrounding healthy tissues. Benign tumors can reach large sizes, while they do not
have metastases and relapses. Benign tumors do not cause cachexia, except for tumors
that violate patency in the gastrointestinal tract and in other pathways of various organs
(bile duct, urinary tract). However, benign tumors, depending on their location, can also
have a negative effect on affected organ and body as a whole.

Malignant tumors have a number of properties and pathological indicators that
distinguish them from benign tumors. Malignant tumors grow much faster, without
reaching large sizes and do not have a shell or a capsule. The histological picture
of malignant tumors is significantly different from the tissue from which they develop.
One of the characteristic signs of tumor tissue is anaplasia, i.e. return to a more primitive
type. Malignant tumors are characterized by a characteristic growth, including ingrowth
into healthy tissue, which leads to destruction of target cells. With such tumors, the body
usually dies from cachexia and intoxication, which develop quite intensively. Malignant
tumors are characterized by relapses and metastases [3, 13, 14].
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The results of histological studies of organs and tissues of 11 357 patients with
animal tumors conducted by T.P. Kudryavtseva [4] showed that neoplasms of various
genesis in cattle are mainly represented by the following types of tumors: fibrosar-
coma — 543 cases (31.4%), spindle cell sarcoma — 256 (15.2%), fibroma — 248
(12.4%), neurofibroma and neurosarcoma — 367 (31.0%), adenoma and adenosar-
coma — 106 (6.1%), angioma — 58 (3.4%), cancer (oat cell, brain, etc.) — 45 (2.6%),
adenocarcinoma (glandular cancer) — 72 (4.1%), myoma and myofibroma — 19 (1.1%).

Tumors in farm animals cause some economic damage, because productivity
decreases, which leads to culling and sending animals to slaughter [15, 16]. At veterinary
sanitary examination organs affected with tumors are removed. Uninfected parts of car-
casses and organs, according to the Rules of Veterinary Sanitary Inspection, are sent for
processing. With extensive tumor damage, the carcass and organs are sent to the scrap.

Considering that carcasses are used for food purposes in case of tumors after
removing, the need arises to conduct a comparative analysis of the quality and safety
of meat from healthy and tumor infected cattle. This served as the basis for the study
of cattle meat affected by neoplasms in a comparative aspect with meat of healthy ani-
mals of the same age groups [17, 18].

Materials and methods

The detection rate of benign tumors was determined in slaughterhouse during
veterinary examination of cattle carcasses and organs.

Meat samples were taken in accordance with the requirements of the Rules of Vete-
rinary Sanitary Meat Examination and GOST 7269—2015. Meat. Sampling methods
and organoleptic methods for determining freshness.

Sensory assessment of meat was carried out on a 9-point scale developed
by VNIIMP and according to GOST 9959—2015. Meat products. General conditions
for organoleptic assessment.

Physico-chemical studies of meat were carried out according to GOST 23392—2016.
Meat. Methods of chemical and microscopic analysis of freshness and in accordance
with paragraph 13. 5 of Appendix 1 of the Rules of Veterinary Examination of meat
and meat products (1988).

Microbiological studies of meat were performed according to GOST R 54354—2011.
Meat and meat products. General requirements and methods of microbiological analysis.

Histological examinations were carried out according to GOST 31931—2012.
Poultry meat. Methods of histological and microscopic analysis.

The relative biological value and harmlessness of meat was determined in ex-
periments on Tetrachimena pyriyormis ciliates in accordance with the methodological
recommendations [19, 20].

Results and discussion

Examination of cattle carcasses and organs of different age groups showed that
benign tumors were usually detected in slaughter products of adult and old animals.
These data are given in table 1.
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Table 1
Benign Tumor Detection Rate
Results
Groups of animals Number of carcasses
examined Number of carcasses
- e Defeat, %
with identified tumors
Calves 1180 — —
Young animals 122 440 3 0.02
Heifers 1260 1 0.08
Cows 1220 2 0.16
Bulls 780 1 0.13
Total 16 680 7 0.04
Table 2
The results of organoleptic meat evaluation
Organoleptic characteristicsof meat
Groups of animals Type and Smell Consistency Taste Juiciness Average
color
Calves 7.4 7.9 8.1 8.3 8.4 8.1
Young animals 7.9 8.3 8.3 8.5 8.5 8.3
Heifers 8.3 8.4 8.4 8.5 8.3 8.4
Cows 8.2 8.1 8.3 8.2 8.2 8.2
Bulls 8.1 7.6 8.4 8.1 8.0 8.1
Average 8.03 8.06 8.30 8.30 8.30 8.19
Control 8.4 8.3 8.4 8.4 8.4 8.4
Deviation -0.37 -0.24 -0.1 -0.1 -0.1 -0.19

The data from table 1 indicate that in the study of 16,680 carcasses of slaughtered
cattle of different age groups, 7 carcasses with benign tumors were detected, which was
0.04% of the examined number. Tumors were found on skin, in individual internal
organs and on nerve fibers of carcass. When examining the products of calves slaughter,
tumors were not detected. In young animals, tumors were detected in 0.02% carcasses,
in heifers — 0.08%. Tumors were found 2—3 times more often in carcasses and organs
of cows and bulls, and it amounted to 0.13...0.16%, which confirmed increase in cases
of tumor pathology with increasing age of animals.

In cases of tumor detection, meat samples were taken and subjected to laboratory
analysis. In the organoleptic evaluation of meat, all sensory research methods provided
for by a 9-point scale were used. The data obtained are given in table 2.

The table 2 shows that cattle meat of different age groups affected with tumors
received a score of 0.1...0.37% lower than meat of healthy animals. In general, such
a deviation in all sensory indicators was about 0.99 points. The most pronounced devia-
tions were identified when assessing the type, color and aroma of meat. These data
allow to conclude that according to organoleptic indicators, meat of animals affected
with benign tumors does not significantly differ from the meat of healthy cattle. This
gives reason to use such meat under certain conditions for food purposes.

Physicochemical studies of meat were carried out on the day of the slaughter of
animals. The results of a comparative analysis of meat of healthy and tumor-affected
animals are given in table 3.
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Table 3
Physico-chemical characteristics of cattle meat in tumors
Meat samples results
Indicators
1 2 3 4 5 Control

pH 6.28+0.04 | 6.26+0.03 | 6.29+0.05 6.27 +0.03 6.24 +0.05 6.02+0.04
Peroxidase + + + + + +
response
Reaction .
with CuSO, ) ) - } j }
Formalin Test = - - - - -
AMOUNtOfVFA, 1| 5 554 0.07 | 2.53+0.01 | 2.59+0.04 | 2.57+0.02 | 2.51+0.05 | 2.49+0.02
mg/KOH
grgj’;)”tOfAAA’ 65.4+0.71 | 65.8+0.64 | 66.6+0.74 | 64.3+0.62 | 65.1£0.63 | 64.9+0.59
Fatacidity 1.71£0.14 | 1.8940.16 | 1.92+0.18 | 1.78+0.16 | 1.74+0.11 | 1.72+0.16
value, mg%

Table 3 shows that, according to the physicochemical properties, meat of animals
in presence of benign tumors does not have pronounced differences compared to meat
of healthy animals. For example, the pH value did not exceed the values of benign meat.
The lowest pH was observed for samples No. 2 and 5 and amounted 6.26 + 0.03 and
6.24 £ 0.05, respectively. The highest pH was in samples No. 1 and 3 and amounted
t0 6.28...6.29 + 0.05. The pH did not exceed 6.02 £ 0.04 in meat of healthy animals.

Peroxidase reaction also showed that meat with benign tumors meets the require-
ments of regulatory documents; there is no intensive accumulation of microorganisms
in it. In four of five samples, the reaction showed a positive result — the solution turned
blue-green, which after a while turned brown. And only in sample No. 3, a dubious
reaction was noted; the solution first remained transparent, then acquired a greenish
color, which with a delay turned brown.

In the reaction of broth with a solution of copper sulfate, samples No. 1, 2, 4, 5
showed a negative result — in all cases the broth was transparent. In sample No. 3,
the mixture became unclear, which indicates initial processes of protein breakdown
in this meat sample.

The formalin reaction with all meat samples had a negative result, i.e. the solution
in all tubes remained clear.

When detecting tumors, the amount of volatile fatty acids (VFA) in the studied
meat samples was 2.51...2.59 mg/KOH, in the control samples it was 2.49 mg/KOH.

In the content of amino-ammonia nitrogen in meat with benign tumors, there were
no regular deviations from the control.

Fat acidity value in tumor-affected meat was 1.71...1.92 mg%, and 1.72 mg%
in meat of healthy cattle.

These data reveal that meat of diseased cattle has slight deviations from meat
of healthy animals and can be used for further processing for various meat products.

The results of studying chemical composition in meat with benign tumors are
given in table. 4.
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Table 4
Chemical composition of cattle meat affected with benign tumors
Indica- Meat samples
tors 1 2 3 4 5 Control
Moisture | 74.01+£0.19 | 74.06+0.21 74.68+0.07 | 74.29+0.11 74.22+0.20 | 74.14+0.12
Protein 20.36+0.05 | 20.66+0.10 19.82+0.02 | 20.32+0.07 | 20.20+0.03 | 20.57+0.11
Fat 4.53+0.01 4.68+0.01 4.42+0.02 4.29+0.01 4.48+0.02 4.52+013
Ash 1.10+£0.02 1.00+£0.02 0.98+0.02 1.10£0.01 1.10+£0.01 1.00+0.01
Table 5
Microbiological parameters of meat affected with tumors
Indicators, Meat samples
CFU/g 1 2 3 4 5 Control

TMC, CFU/g 0.55...0.70x10° | 0.28...0.36x10° | 0.74...0.80x10° | 0.65...0.76x10° | 0.54...0.57x10° |0.23...0.39x10°

(0.62x 107 (0.30x 10%) (0.77 x 10%) (0.70x 10%) (0.56 x 10°) (0.28x 107
Coliform _ _ 1 _ _ _
bacteria
Salmonella - - - - - -
St. aureus - - 1 1 - -
L. monocy- _ _ _ _ _ _
togenes
Cl. Perfringens -
Saprophytes + + + + +

The data in table 4 indicate that the highest moisture content was in meat sample
No. 3 (74.68%). Samples No. 1, 2, 4, 5 showed approximately the same values for this
indicator (74.01, 74.06, 74.22, 74.22%, respectively). The moisture content in the control
meat samples did not exceed 74.14%.

The protein content was approximately at the same level in all samples and
amounted to 19.82...20.36. Moreover, deviations in the tumor-affected meat indices
did not exceed 0.54% as compared with the control.

The fat content in meat of all samples was also almost the same. A lower fat content
was observed in all meat samples (4.29...4.78%) compared with meat of healthy cattle
(4.52%).

For the ash content, the studied meat samples had no significant differences.
Deviations in the content of ash elements were not more than 0.01...0.02%.

Analyzing the data, we can conclude that meat of cattle affected with benign tumors
1s not significantly different in chemical composition from the control, therefore, it can
be used for food purposes.

The results of comparative microbiological study of meat are given in the table 5.

The data from Table 5 shows that the total microbial number (TMC, CFU/g) in all
meat samples did not exceed the upper limits indicated in SanPiN 2.3.2. 1078—01, and
amounted to no more than 28—80 microbial cellsin 1 g or 0.28 ... 0.80 x 10* TMC, CFU/g.
The highest microbial contamination rate was found in muscles of samples No. 3 and 4
(0.80 x 10%, 0.76 x 10%, respectively). Saprophytic microorganisms were detected in all
the variants, but St. aureus was only in two meat samples; cells of coliform bacteria were
detected in muscle tissue of sample No. 3. Such pathogens as Salmonella, CI. perfrin-
gens and Listeria monocytogenes were not detected in the studied meat samples. Only
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saprophytic microorganisms in the amount of 0.23...0.28 x 10* TMC, CFU/g were
detected in control meat samples. Conducted microbiological studies indicate that all
five meat samples had bacterial contamination that did not exceed the requirements
of regulatory documents. However, some meat samples contained opportunistic patho-
genic microflora, including coliform bacteria cells and Staphylococcus aureus. The pre-
sence of opportunistic pathogenic microorganisms in meat reguires limiting its imple-
mentation in case of tumor damage. Such meat must be sent for industrial processing
with thermal disinfection, ensuring death of coliform and Staphylococcus bacteria, or sent
to production of sausages and canned food.

For the scientific substantiation of the veterinary-sanitary inspection of cattle meat
affected with benign tumors, we conducted additional studies on Tetrachimena puri-
yormis ciliates. Therefore, we determined the relative biological value of meat and
its harmlessness. The results of the study are given in table 6.

Table 6
Relative biological value and harmlessness of tumor-affected meat
RBV Meat indicators
Sample | ofmeat, | Nymperofciliates | Mobility Shape Deviations % of
% in1ml of ciliates of ciliates from the control control
1 89.06 41.17x 10" Kept Kept -4.51x10" 90.08
2 95.01 43.01x 10 Kept Kept -2.67x10° 94.11
3 86.13 39.67 x 10° Kept Kept -6.01x 10" 86.11
4 90.09 41.62x10° Kept Kept -4.06x 10 91.09
5 92.38 42.86 x 10° Kept Kept -2.82x 10" 93.82
Control 100.00 45.68 x 10° Active Kept — 100.0

The experiments showed that in the nutrient medium with extract from fresh beef
meat of sick animals, the intensity of infusoria cell accumulation was different and
tended to decrease compared to the meat of control animals. The accumulation of infu-
soria in 1 ml of culture medium containing meat from animals affected by tumors
decreased by 2.67 x 10*...6.01 x 10* cells of protozoa (5.89...13.89%) compared to meat
of healthy cattle. At the same time, cell shape and mobility were preserved and did not
have significant differences from the control.

Total biological value of cattle meat affected with tumors was 4.99...13.87% lower
compared to meat of healthy animals.

These data indicate that relative biological value of cattle meat with benign tumors
is lower by 4.99...13.87%, and safety is lower by 5.89...13.89% compared to meat
of healthy cattle.

Conclusions

Analyzing the results of our studies and considering current data on tumor patho-
logy in farm animals, we can conclude that tumors in animals have a certain distribution.
Identified benign tumors are diverse in pathogenesis, shape and structure, but they are
similar in clinical manifestation and effect on the animal's body.

Neoplasms in animals are still poorly studied, they constitute a special group
of diseases and are of great importance for the veterinary-sanitary meat inspection and
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offal of slaughtered livestock. Benign neoplasms are found in cattle in 0.02...0.16%
of cases from the number of practically killed livestock. In this case, the calves have
no tumors. Nevertheless, since the true causes of tumors are still unexplored and
scientific substantiation of veterinary evaluation of animal meat affected by tumors has
not yet been developed, the need arises to determine the safest and most rational use
of such meat for food purposes. However, consuming meat affected with tumors, we
cannot assume what effect it has on the human body. Therefore, when tumors are found,
carcasses and offal must be cleaned, unaffected parts and organs should be sent not
for free sale, but for processing, followed by mandatory thermal disinfection. Such meat
can be used for production of sausages, meat loaves or canned goods. In absence of such
a possibility, after stripping, meat and offal should be sent to boil-down or to make jellied
meat and jelly. Blood and endocrine raw materials for medical purposes are not col-
lected. Skins must be processed and generally preserved by salting or brine. Feeding
carnivorous pets with raw meat with tumors is not allowed, it should be utilized.
Carcasses and offal having dystrophic changes in muscles and organs are sent
to the scrap. When processing such meat, conditions of increased hygiene are created and
personnel hygiene are more strictly observed.

BBepeHune

Bomnpockl 100pokauecTBEHHBIX U 37I0Ka4€CTBEHHBIX HOBOOOPA30BaHUH Y KHUBOT-
HBIX TPEICTABIAIOT OOJBIION HHTEpEC KaK ¢ 00MIEOHONIOrNIECKON U MEUIIMHCKOM, TaK
U C BeTepUHapHOU Touek 3peHus. [lo qaHHBIM psija aBTOPOB, 100pOKaueCTBEHHBIE
¥ 3JI0Ka4eCTBEHHBIE OITyXOJIM 0OHAPYKHUBAIOTCS y Pa3HbIX BHJOB KHUBOTHBIX. OMyX0JH
y JOMalIHUX IJI0TOAAHBIX BhIABILAIOTCA B 0,7...1,4% ciyyasx. [1o nmuteparypHsIM qaH-
HBIM OIYXOJIM Y YOOHHBIX KUBOTHBIX BRIABISIIOT B 0,02...0,04% o1 uncna youroro
MoroiaoBbs [1—4].

[ToBbIIIEHHBIN HHTEPEC K UCCIIEIOBAHHUSAM OIyXOJIeii 00yCIOBINBACTCS 3aMETHBIM
MOBBIIIEHUEM YaCTOThl UX BBISBICHUS U SKOHOMHUYECKUM IOTEPSIMU B KUBOTHOBO/I-
CTBE, KOTOPBIE CBA3aHBI C BEIOPAKOBKOM M yOOeM MPOIYKTUBHOTO CKOTa MPH OITyXOJIe-
BBIX Oosie3Hsx [5—S].

W3ydenne pacupocTpaHEHHs U YaCTOThI OOHAPYKEHHUS OIyXOJIeH Y )KUBOTHBIX
pa3HBIX BUJIOB SIBJIETCS] OJJHUM M3 BaXKHBIX HAIIPABJICHUN B MCCIIEIOBAHUAX IO MPO-
oneme paka. CTaTUCTUYECKUE JTAHHBIE O PACTIIPOCTPAHEHUHU OMYXOJIEBBIX OOJE3HEH
y ®HMBOTHBIX B Pa3HBIX CTPaHaX JOCTATOYHO IMPOTHUBOPEUMBBL. DTO CBS3aHO C TEM, UTO
B OJIHMX CTPaHax JMAarHOCTHKA OMYXOJeH M perucTpanus OOJIbHBIX OMyXOJISIMU KH-
BOTHBIX BeJieTcs 0oJiee CTpOro, a B IPYrux 3Ta 00JIE€3Hb OCTAETCS ellle HeI0CTaTOYHO
U3Y4YeHHOU U He peructpupyercs [1, 9, 10].

Nudopmars 06 omyXossix y )KUBOTHBIX, KOTOPBIE JOKUBAIOT 10 MPEIEIbHOIO BO3-
pacra (cobaku, KOUIKH, Jiomaau, KpynHsiid poratsiid ckot (KPC) u ap.) Gonee monaHo
oTpaxaeT (paKTUYECKOe COCTOSTHUE PaccMaTpUBaeMON MpoOIeMbl, TOrja Kak CBEJCHUS
00 OIyXOJIsIX y APYTUX KUBOTHBIX, TIOABEP)KEHHBIX YOOIO B O0JIee MOJIOIOM BO3PACTe
(cBUHBH, OBIIBI, KO3bI, KPOJIMKH), OTpaHUYEHbl. MI3BeCTHO, YTO pa3inyHble HOBOOOpa-
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30BAaHUS Yallle BCTPEYAIOTCS Y )KUBOTHBIX BO BTOPOU MOJIOBUHE UX H3HU, T.€. B 3pEJIOM
u ctapoM Bo3pacTe. [lopakeHHe TaKuX >KMBOTHBIX OIYXOJISIMH COCTAaBJISI€T OKOJIO
0,08...0,21%. Ho Ha MsICOKOMOHMHATHI OTIIPABIIAIOT Yalle OTKOPMOYHBIX KUBOTHBIX
B MOJIOJZIOM BO3pAacTe, Y KOTOPBIX OIyXOJH AUArHOCTUPYIOTCS pexe. DTO 3aTpyaHsAeT
BBIPAOOTKY MPAaBUIBHOTO 3aKIIFOUEHHS O 3a00JIEBAEMOCTH OIMYXOJISIMH PA3IMYHBIX JKHU-
BOTHBIX, U Npexe Bcero monoansika KPC, osen, ko3, cBune [11, 12].

[To KIMHUYECKUM TIPU3HAKAM U TIATOJIOT0-aHATOMUYECKON KapTHHE OIYXOJIH Y KH-
BOTHBIX JIENIAT Ha TOOPOKAaYECTBEHHbIE U 3JI0KaYeCTBEHHBIE. Takas kiaccuduxaus
uMeeT 0OJIbIIOE 3HAUEHNE IPU BETEPUHAPHO-CAaHUTAPHOM IKCIEPTU3E TYIL U OPraHOB
OOJIBHBIX KUBOTHBIX. [Ipn ocMOTpe MpoayKTOB yOOsI yUUTBIBAETCS, UTO TOOpPOKAUECT-
BEHHBIE WU 3pEJIbIe OITyXOJHM COCTOST U3 KJIETOK, TOXOXKHX Ha KJIIETKU TKaHEH, B KOTO-
PBIX OHU Pa3BUBAIOTCS, OKPY>KEHBI COOCTBEHHOH 000JI0YKON 1 UMEIOT OCOOCHHOCTDh —
LEHTPaJIbHbIA 3aMEJUIEHHBII POCT, P 3TOM, CIABIMBAIOT OKPYXKAIOIIHE 370POBbIE
TKaHu. JJoOpoKayecTBEHHBIE OMYXOJIU MOTYT JOCTUTaTh OOJIBIINX Pa3MepPOB, IPU ITOM
HE MMEIOT METacTa3bl U peuuIuBbl. JJ0OpOKaYeCTBEHHBIE OIyXOJIM HE BHI3BIBAIOT KaXeK-
CHI0, KPOME OITyXOJIeH, HapyIIAIOUIMX IPOXOJUMOCTb B JKEITyI0UHO-KUIIIEYHOM TPaKTe
Y B IPYTUX TMPOBOJIIMX MyTSIX Pa3HbIX OPraHoB (KETUHBINA MPOTOK, MOYEBBIBOISIIINE
mytH). O1HaKo 10OPOKAaYeCTBEHHBIE OITYXOJIH, B 3aBUCHMOCTH OT MX JIOKAJIU3ALUH, TOXKE
MOTYT OKa3bIBaTh OTPHUIIATENILHOE BIMSHUE HAa TIOPAKEHHbIN OPraH U OpPraHu3M B IIEJIOM.

3J10KaueCTBEHHBIE OIYXOJU UMEIOT PSAbl CBOMCTB U MAaTOJIOT0AHATOMUYECKUE
[oKa3areiy, OTIMYAIoIUe UX OT T0OpPOKAYeCTBEHHBIX OIyXOJeH. 3710KauecTBEHHbIE
OIyXOJIM PAacTyT 3HAUYUTENIBHO OBICTpEE, HE JJOCTUTAS MPU STOM OOJIBIINX pa3MepoB
Y HE UMEIOT MPH 3TOM OOOJIOUKH WM Karcyll. ' ucronornyeckas KapTHHA 37I0KA4eCT-
BEHHBIX OITyXOJIEH 3HAUYUTENILHO OTJIMYAETCSI OT TKaHHU, U3 KOTOPOW OHHM Pa3BHBAIOTCS.
OnHUM K3 XapakTEpHBIX MIPU3HAKOB OIyXOJIEBOM TKAHU SABISETCS aHAIUIA3us, T.€. BO3-
Bpat B 0oJiee MPUMUTHBHOMY THITY. 3JIOKAY€CTBEHHBIE OITYXOJIH OTIMYAIOTCS XapaKTep-
HBIM POCTOM, B T.4. BpaCTaHUEM B 3JJ0POBYIO TKaHb, YTO MPUBOJIUT K Pa3pyLICHUIO
KJICTOK-MHUIIeHeH. [Ipy Takux omyXoJssix OpraHu3M OOBIYHO MOTHUOAET OT KaXEKCHH
Y MHTOKCHKAIIUU, KOTOPbIE Pa3BUBAIOTCS JOCTATOYHO MHTEHCUBHO. 3J10Ka4€CTBEHHBIM
OITyXOJISIM CBOMCTBEHHBI PELIMAUBBI U MeTacTassl [3, 13, 14].

Pe3ynbTaThl THCTOIOrMYECKUX UCCIICIOBAaHNN OpraHoB M TKaHeHd 11 357 GonbHbIX
OIyXOJIIMU KUBOTHBIX, IpoBeneHHbIXx T.I1. KynpsBuesoit [4], nmoka3anu, 4To HEo-
IJ1a3Mbl Pa3JIMYHOrO reHe3a y KPYIMHOIro poraToro CKOTa MpeAcTaBieHbl B OCHOBHOM
CJIETYIOIMMHU TUTIAaMU orryXxouei: pubdpocapkoma — 543 ciyyas (31,4%), BepeTeHo-
KJIeTouHas capkoma — 256 (15,2%), ¢ubpoma — 248 (12,4%), ueiipopubdpoma
u Herpocapkoma — 367 (31,0%), anenoma u agenocapkoma — 106 (6,1%), anrmoma —
58 (3,4%), pak (OBCSIHOKJIETOYHBINM, MO3TOBUK U 1Ip.) — 45 (2,6%), aneHokapLuuHOMa
(>xenesucTslit pak) — 72 (4,1%), muoma u muopudpoma — 19 (1,1%).

Onyxosu y CelbCKOX03SIMCTBEHHBIX KMBOTHBIX HAHOCST ONPEJCICHHBIH SKOHO-
MHUYECKHUH yIIepO, MOCKOJIBKY CHI)KACTCSl IPOTyKTUBHOCTD, YTO OOYCIIOBIMBAET BBHIOpaA-
KOBKY M OTIIPaBKY >KUBOTHBIX Ha y0oii [15, 16]. Ilpu BeTcanskcnepTuse nopaxeHHbIE
OITyXOJISIMH OPraHbl TYIIN 3a4HIaroT. HemopaskeHHbIe YacTh Ty U OPTaHOB COTJIACHO
[IpaBuiam BeTCaHAKCIIEPTH3bI HAIPABIIIOT Ha NepepadboTKy. [Ipu oOmmpHOM mopaxe-
HUM OIMYXOJISIMU TYILYy M OpPTraHbl HAIIPABJISAIOT B YTHJIb.
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VY4uuTteIBasi, 4TO MPH OMYXOJISAX TYIIX MOCTE 3aUUCTKU UCTIOIB3YIOTCS B MHILEBHIX
LEJISIX, CO3/IaeTCsl HEOOXOIMMOCTh IIPOBEACHUS CPABHUTEIBHOIO aHA/IN3a KayecTBa
1 0e30MacCHOCTH Msica 3/10pPOBOTO M MOPAKEHHOT'O OIMYyXOJSIMUA CKOTA. DTO TOCITYKHIIO
OCHOBAaHHEM /IS MIPOBEICHHS UCCIIEIOBAHMS Msica KPYITHOTO POraToro CKOTa, OpaskKeH-
HOTO HOBOOOPa30BaHMSIMH, B CPABHUTEIIHLHOM ACIHEKTE C MSICOM 370POBBIX )KUBOTHBIX
TaKuX K€ BO3pacTHhIX rpynm [17, 18].

Martepuanbl n meToabl

YacroTy oOHapykeHUs JOOPOKAYECTBEHHBIX OMYXOJIEH ONMPEeAesuiv B yCIOBHSIX
OOCHCKHX TPEANPHUATHI IMPU BETCPUHAPHOM OocMOTpe Ty u opranoB KPC.

OtOupanu poOsI Msica coriacHo TpeOboBaHMsIM [IpaBuir BeTCaHIKCIIEPTHU3BI Msica
u ['OCT 7269—2015. Msico. Metoab!l otO0opa 00pa3IioB U OPraHOJIENTUIECKUE METOIbI
oTIpe/ieNIeHUs CBEKECTH.

CeHCOpHYIO OIICHKY Msca MPOBOIAWIH 10 9-0aJTbHON IIKasie, pa3paboTaHHOM
BHUUMMII u o 'OCT 9959—2015. IlpoayxkTsl MsicHble. OOILIHe yCIOBUS IPOBEICHUS
OpPTraHOJIENTUYECKON OIICHKH.

OU3NKO-XMMHUYECKHUE rccienoBanus Msca ocymectsisiim o ['OCT 23392—2016.
Msico. MeTosibl XUMUYECKOTO ¥ MUKPOCKOITMYECKOTO aHajIi3a CBEKECTH U B COOTBET-
ctBuM C 1. 13.5 npuwitoxenusa 1 IIpaBui BeTCaHAKCIEPTU3bI MACA U MSCHBIX IIPO-
nykToB (1988).

MukpoOuonoruueckue uccienobanus msca nposoauy o [OCT P 54354—2011.
Msico n MscHbIe npoayKThl. OO1Me TpeOoBaHUA U METObl MUKPOOHOIOTHYECKOTO
aHaIu3a.

['ucronornueckue uccnepaoBanus ocymiectBisitor cornacao 'OCT 31931—2012.
Msico ntuiibl. MeToabl THCTOJIOTHYECKOTO U MUKPOCKOITMYECKOT0 aHAJIU3a.

OTHOCUTENIbHYIO OMOJIOTHYECKYIO [IEHHOCTh U O€3BPEIHOCTh MsICa OMPECIIsIN
B OMbITax Ha UHQY3opusix 1etrachimena pyriyormis B COOTBETCTBUU C METOIUICCKUMU
pexkoMenauusamu [19, 20].

Pe3ynbTaTbl UCCNEeAOBaHUSA U 06cy)Kp,eHm|

Ocmotp Ty u opranoB KPC pa3HbIX BO3pacTHBIX TPYIII MOKAa3all, YTo 100po-
KayeCTBEHHbIE OIYXOJIH BBISIBIIIIOTCS OOBIYHO B MPOAYKTaX YOOs B3pOCIBIX U CTapbIX
KUBOTHBIX. DTH JaHHBIE IPUBE/IECHBI B Ta0IMI. 1.

Tabnvua 1
YacToTa BbiiBNieHMS A,00poKa4yeCcTBEeHHbIX onyxonen
PesynbTatbl oCMOTpa TyL
[pynnbl KonunyecTtso
YXXUBOTHbIX OCMOTPEHHBbIX TYLLI KonmyecTso TyLU C BbISSIBNEHHBIMW [lons nopaxenns, %
OnNyXonsiMU, LWUT. ’
Tenata 1180 — —
MonogHsik 122 440 3 0,02
Hetenun 1260 1 0,08
Koposbl 1220 2 0,16
Bbikn 780 1 0,13
Bcero 16 680 7 0,04
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Jannble Taba. 1 cBUAETENBCTBYIOT, UTO IpHU UccienoBanuu 16 680 tym youroro
KPC pa3HbIX BO3pacTHBIX TPyl ObLIO BBIABICHO 7 TYII C MOPAaXKEHHEM JJOOPOKavecT-
BEHHBIMHU OIyXO0JIAMH, 4TO cocTaBiusger 0,04% ot uucna obcnenoBaHHbIX. OMyXoiau
OOHapyKMBaJIM Ha KOXe, B OT/ENbHBIX BHYTPEHHUX OpraHax W Ha HEPBHBIX BOJIOKHAX
tymu. [Ipn ocMoTpe npoayKTOB yOOs TENAT OMyXOJIH HE BBIABISUIH. Y MOJIOJIHSIKA
onyxomu y 0,02% tym, y Hereneid — 0,08%. B Tymiax u opraHax KopoB U ObIKOB OITy-
XONM OOHapy»uBau B 2—3 pasa yaie, u cocrasisuio 310 0,13...0,16%, uro monTeep-
KJIaeT POCT YMCIIa CITydaeB OIlyXOJICBOM NAaTOJIOTHH C YBEITMYEHUEM BO3PACTa KUBOTHBIX.

B ciyuasx oOHapyxeHus omyxosieil oToupanu mpoObl Msica U MOABEPTAIN UX
nabopaTopHoMy aHanuzy. Ilpu opraHonenTuyecKol OIEHKE MsiCa MCIIOIB30Ball BCE
CEHCOPHBIE METOIbl UCCIIEIOBAHUSI, TIPEyCMOTpEHHbIe 9-0aubHol mikanoi. [lomyyeH-
HbIC IaHHBIC MTPUBEICHBI B TA0II. 2.

Tabnmua 2
Pe3ynbTaTtbl OpraHonenTu4eckom oueHkn maca
Fpynnbi Moka3aTenn opraHoNenTUYeCcKom OLEHKN Msica
nccnenosaHHbIX Bua v uset KoHcun- CpepHuii

SKUBOTHBIX vsica 3anax CTeHLMA Bkyc CoyHocTb Gann
Tenata 7,4 7,9 8,1 8,3 8,4 8,1
MonogHsik 7,9 8,3 8,3 8,5 8,5 8,3
Hetenn 8,3 8,4 8,4 8,5 8,3 8,4
KopoBbl 8,2 8,1 8,3 8,2 8,2 8,2
Bbikn 8,1 7,6 8,4 8,1 8,0 8,1
CpepgHunin 6ann 8,03 8,06 8,30 8,30 8,30 8,19
KoHTponb 8,4 8,3 8,4 8,4 8,4 8,4
OTK/IOHEHNE -0,37 -0,24 -0,1 -0,1 -0,1 -0,19

ITo nanubIM TabJ1. 2 BUJHO, YTO NpU opraHosientudeckoi oueHke msco KPC pas-
HBIX BO3PACTHBIX IPYIIL, OPAXKEHHOIO OIyXOJISIMH, oIy4dano oueHky Ha 0,1...0,37%
OaJuta HIKE, IO CPAaBHEHHUIO C MSACOM 3/10pPOBBIX KUBOTHBIX. B 11€10M Takoe OTKIIOHEHHUE
10 BCEM CEHCOPHBIM IOKa3aTelisiM cocTaBmino okoio 0,99 6amna. Hanbonee BeipaxeH-
Hbl€ OTKJIOHEHHUS BBISBIICHBI IIPH OLIEHKE BHJIA, LBETA U apoMaTa Msca. JTH JaHHbIE
MO3BOJISIIOT 3aK/IIOYHMTh, YTO MO0 OPTraHOJICNITUYECKUM TOKa3aTelsIM MSCO KUBOTHBIX,
MOPAXEHHBIX JI00POKAYECTBEHHBIMH OITyXOJIIMH, HE3HAUUTEIBHO OTJIMYACTCS OT Msica
37I0pOBOTO CKOTa. DTO J]a€T OCHOBAHUE HCIIOJB30BATh TAKOE MSICO MPH OMNpPEeTIeHHbIX
YCIIOBUSIX B IMUILEBBIX LEIAX.

DU3UKO-XUMHUYECKUE UCCIIEJOBAHUS Msica IIPOBOJMIN B JIEHb yOOs )KUBOTHBIX.
Pe3ynbTaThl cpaBHUTEIBHOTO aHAJIN3a Msca 37J0POBBIX M MOPAXKEHHBIX OMYXOJSIMHU
’KMBOTHBIX NPHUBEEHBI B Ta0. 3.

W3 nanHbIX TabJl. 3 BUIHO, YTO MO (PU3MKO-XMMHUUYECKUM CBOHCTBAM MSCO JKHBOT-
HBIX [TPY HAJIMYUH TOOPOKAUECTBEHHBIX OIYyXOJIeH HE MMEET BBIPAXKEHHBIX OTJIMYHI
OT TOKa3aTesel Msica 310pOBbIX XKUBOTHBIX. Hanpumep, nokazaresns pH He npeBbliai
3HaueHMH, NPUCYIIUX JoOpokayecTBeHHOMY Mscy. Camblil Hu3kuit pH Obl1 y 00pas-
noB Ne 2 u 5, y koropeix coctaBisn 6,26 = 0,03 u 6,24 + 0,05. Camslii Beicokuii pH
Ob11 B mpodax Ne 1 u 3 u cocrasisin 6,28...6,29 + 0,05. B msce 310poBbIX %HUBOTHBIX pH
He nipeBbiman 6,02 + 0,04.
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Tabnmua 3
dusunko-xummnyeckue nokasarenu msca KPC npu onyxonsix
PesynbTaThbl nccnefoBaHuii oTo6paHHbIX 06pa3LoB Msca
MokaszaTtenu
1 2 3 4 5 KoHTponb

pH 6,28+0,04 | 6,26+0,03 | 6,29+0,05 | 6,27+0,03 | 6,24+0,05 | 6,02+0,04
Peakuus + + + + + +
Ha nepokcuaasy
Peakuus ¢ CuSO, - - * - - -
dopmornbHas _ _ _ B B _
npoba
KommiectBo XK, | 5 551 0,07 | 2,5340,01 | 2,59+0,04 | 2,57+0,02 | 2,51+0,05 | 2,49+0,02
Mr/KOH
KonnuyecTtso AAA,
/% 65,4+0,71 | 658+0,64 | 66,6+0,74 | 64,3+0,62 | 65,1+0,63 | 64,9+0,59
KMCIIOTHOG WMCNO | 2440 14 | 1,89+0,16 | 1,92+0,18 | 1,78+0,16 | 1,74=0,11 | 1,72+0,16
xupa, Mro%

Peaxius Ha mepokcHaa3y Tak ke MOoKa3alia, YTo MpH T00POKAYECTBEHHBIX OITyXO-
JSIX MSICO OTBEYaeT TPeOOBAaHMSIM HOPMATHUBHBIX JTOKYMEHTOB, B HEM HE IMPOUCXOJIUT
WHTEHCUBHOT'O HAKOIJIEHUS MUKPOOPTAaHU3MOB. Y YETHIpeX Mpo0O U3 MATH peaKilus
MoKa3aa MoJIOKHUTEIbHBIN pe3yIbTaT — PacTBOP OKPACHIICS B CHHE-3€JICHBIH 1IBET,
KOTOPBIN yepe3 HEeKOTopoe BpeMs neperien B Oypsoiid. 1 Tonbko B mpobe Ne 3 ormeueHa
COMHMTEIIbHAs PEAKIMsl — PAaCcTBOP CHa4aja OCTaBaJICs IPO3PAavYHbIM, 3aTe€M NPHOOpE
3€JICHOBATOE OKPAIIMBAHKE, KOTOPOE C 3aJIePKKON MEePenuio B KOPUYHEBHIH 1IBET.

B peakmun OynboHa ¢ pacTBOPOM CepHOKHCION Mean mpoosl Ne 1, 2, 4, 5 moka-
3aJIM OTPULIATENIbHBIN Pe3ysIbTaT — BO BCEX Cilydasix OyJbOH OKa3ajics MPO3pauHbIM.
B npo6e Ne 3 cmech cTaHOBMIIaCh MyTHOBATOM, YTO CBUAETEILCTBYET O Ha4aJIbHBIX
npoleccax pacmaja 0elkoB B TJaHHOM 00pasiie Msca.

dopmorbHas peakuysi co BceMH IpodaMu Msica MMella OTPULATENIbHbIN pe3ybTarT,
T.€. PaCTBOP BO BCEX MPOOHPKAX OCTABAJICSA MPO3PAUHBIM.

KonunuaectBo JIKK B nccnegyeMbix o0pasiax msica IpH BBISBICHUU OIYXOJIel
coctaBisuio 2,51...2,59 mr/KOH, B koHTpOIBHBIX 00pa3max — 2,49 mr/KOH.

B copeprxanny aMHHO-aMMHUAYHOTO a30Ta B MsICE IIPU JOOPOKAYECTBEHHBIX OITy-
XOJISIX 3aKOHOMEPHBIX OTKJIOHEHHH OT KOHTPOJISI HE OTMEUYCHO.

KucnotHoe uncio xupa B Msice )KUBOTHBIX NIPU HAIWYHH OMYXOJIEH COCTaBIISLIIO
1,71...1,92 mr%, B msice 3q0poBoro ckora — 1,72 mr%.

OTH JaHHBIE MO3BOJISIOT 3aKIIOUUTh, 4T0 Msico 6onpHOro KPC mmeer Hesnaun-
TEJIbHBIC OTKJIOHEHUS OT MsICa 3/I0POBBIX JKUBOTHBIX M MOXKET OBITh UCIIOJIB30BAHO IS
JanpHeHe nepepaboTKy Ha Pa3InYHbIe MSCHbIE IPOAYKTHI.

PesynbraThl uccnenoBaHus XUMHUYECKOTO COCTaBa Msica IPU JOOPOKAaYeCTBEHHBIX
OITyXOJISIX TIPUBE/ICHBI B Ta0. 4.

Jlanuble Tabi. 4 CBUIETENIBCTBYIOT, YTO HaHOOJIbIIIEe COEpKaHUE BIaru ObLIO
B Msce oopasua Ne 3 (74,68%). ITpoOsr Ne 1, 2, 4, 5 mokazany MpUMEPHO OJMHAKOBBIE
3Ha4YeHMs 1o 3ToMy nokazarento (74,01, 74,06, 74,22, 74,22%). ConepxaHue Blaru
B MsIC€ KOHTPOJIHBIX 00pa31ioB He mpeBbImano 74,14%.
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Tabnnuya 4

XuMuyeckuit CocTaB MSICO KPYMHOrO poraToro cKoTta npu A06poKa4yeCTBEeHHbIX ONMyX0oasax

Moka- Mcecnenyemble npobbl Msica

sare/m 1 2 3 4 5 KoHTponb
Bnara 74,01 +0,19 74,06 +0,21 74,68 £0,07 74,29+0,11 74,22 10,20 74,14+0,12
Benok 20,36 £ 0,05 20,66 +0,10 19,82+ 0,02 20,32 +0,07 20,20+ 0,03 20,57 +0,11
Kup 4,53+0,01 4,68+ 0,01 4,42 +0,02 4,29+0,01 4,48 + 0,02 4,52+013
3ona 1,10+ 0,02 1,00+0,02 0,98 £0,02 1,10+ 0,01 1,10+ 0,01 1,00+ 0,01

Tabnnuya 5
MukpoOuonoruyeckue nokasarenu Msica npyu oGHapy>XeHun onyxonei

Moka- Wccnenyemble 06pasLbl Maca

3arenu,

KOE/r 1 2 3 4 5 KoHTponb
KMADAHM, | 0.55...0.70x10° | 0.28...0.36x10° | 0.74...0.80x10° | 0.65...0.76x10° | 0.54..0.57x10° |0.23...0.39x10°
KOE/r (0.62x 10°) (0.30% 10°) (0.77x10°) (0.70x 10°) (0.56x 10°) (0.28x 10°)
BrKN - — 1 - - -
Canbmo-

Hennbl B B B B B B
St. aureus - - 1 1 - -
L. monocy- B B _ B B B
togenes

Cl. Perfrin- B B _ B B B
gens

Canpo- + + + + + +
PUTHbIE

Copepxxanue Oenka BO BceX MpoOax HaXOAMUJIOCh MPUMEPHO HA OJHOM YPOBHE
u cocrasisuio 19,82...20,36. [Ipu 3TOM OTKJIOHEHHUS B MOKA3aTeNsAX Msica >KUBOTHBIX
C OMYXOJISIMU TI0 CPAaBHEHHUIO C KOHTpoJieM He peBbimianu 0,54%.

Conepxanue upa B Msice BceX 00pa3iioB ObIJIO TAK)KE TMPAKTUYECKU OMHAKOBBIM.
Bbonee Hu3Koe coneprkaHue XKUpa OTMEUEHO BO Bcex obpasmax msca (4,29...4,78%)
10 CPABHEHUIO C MSICOM 3710pOBOro cKoTa (4,52%).

ITo comeprkaHuio 30Jbl UCClEyeMble 00pa3lbl Msica HE UMEIU BBIPAXKECHHBIX
paznuunii. OTKIOHEHHS B COJAEPKAaHUH 30JbHBIX 3JIEMEHTOB COCTABISIM HE Ooliee
0,01...0,02%.

AHanM3Upys 3T TaHHbBIE, MOXHO 3aKJIIOYUTh, YTO MSCO KPYITHOTO POTaToOro CKOTa
npu 0OHapyKEHUU T0OPOKAYECTBEHHBIX OITyXOJIel 0 XUMHYECKOMY COCTaBy HE 3HAYH-
TENBHO OTIMYAETCS OT KOHTPOJISI, TO3TOMY OHO MOXKET MCIIOIB30BATHCS IS MHUIIIEe-
BBIX LIEJIEH.

Pe3ynbTaThl CpaBHUTEIEHOTO MUKPOOHOIOTUYECKOTO UCCIIEIOBAHUS MsICa MTPH-
BEJICHBI B Ta0II. 5.

W3 nanubix Taba. 5 BUAHO, uTo obmiee MukpooHoe uncio (KMA®aHM, KOE/r)
BO BCeX 00pasliax Msica He MPEBBINIATIO BEPXHHE MPEIEIIbI MOKa3aTeNei, 0003HaYeHHbBIX
B CanlluH 2.3.2. 1078—01, u cocrasisuio He 60nee 28...80 MUKPOOHBIX KIETOK B 1 T
wm 0,28...0,80 x10* KMA®ABM, KOE/r. ITpu 5ToM caMblii BRICOKUI OKA3aTeNlb MHUK-
POOHOI KOHTAMHHAIIMK OKa3aJICS B MBIIIIAx oOpasinoB Ne 3 u 4 (O,80><102, 0,76x10%
COOTBETCTBEHHO). Bo Bcex oOpasnax MccieyeMoro mMsica BbISBISUIN callpo(UTHBIE
MHUKPOOPTaHU3MBI, M TOJBKO B JABYX oOpasuax Msca Obln OOHapYKeHBI St. aureus,
a B MBIIICYHON TKAHHU TPEThEro 0Opaslia BBISBICHBI KIETKA OaKTEepUil TPYMIIbl KUIIeY-
HbIX nanodek (BI'KII). Takux maToreHHbIX MHKPOOPraHU3MOB, kKak CajlbMOHEIUIBI,
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Cl. perfringens u Listeria monocytogenes B cCleIyeMbIX oOpa3iax msca He oOHapy-
KHUBaIU. B KOHTPOJIBHBIX 00pa3iax Msca BBISBISUIN TOJIBKO CarpoO(UTHBIE MUKPOOP-
ranu3Mbl B Koymaectse 0,23...0,28%x10°KMA®AuM, KOE/r. [TpoBeeHHbIE MUKPOOHO-
JIOTUYECKUE UCCIIEIOBaHMs CBHJIETENBCTBYIOT, YTO BCE ISITh OTOOPAHHBIX MPOO Msica
NPAKTUYECKU UMENTN OaKTepHaTbHyI0 00CEMEHEHHOCTh, HEe TIPEBBILIAONIYIO TPEOOBaHHS
HOPMAaTHUBHBIX JIOKYMEHTOB. O/IHaKO B OT/JEIbHBIX 00pa3lax Msca Coaepikanach yClIOB-
HO-TaToreHHast Mukpodiopa, B T.4. kinetku BI'KII u 30moTucToro cradgumokokka.
[IpucyTcTBHE YCIOBHO-TIATOT€HHBIX MUKPOOPTAaHM3MOB B MSICE CO3JaeT HEOOXOAUMOCTh
OTpaHUYEHUs peaTu3aliy ero Mpyu NOpakKeHUH OIyXoJsiMH. Takoe Msco HE0OXOAUMO
HANPAaBJIATh HA MPOMBIIUICHHYIO MEPepaboTKy ¢ TEPMUYECKUM 00e33apaKuBaHUEM,
obecrnieunBaronM rudens BI'KI u ctadunokokkoB miM HalpaBIIsATh HAa U3TOTOBJICHUE
K0JI0ac U KOHCEPBOB.

Jnst HaygHOTrOo 000CHOBaHMS BeTepHHApHO-caHuTapHOoU oteHku Msica KPC, mopa-
KEHHOTO JOOPOKAaYeCTBEHHBIMH OITyXOJISIMHU, MBI JIOTIOJIHUTEILHO MPOBEIIN HCCIIe-
noBaHus Ha uHQy3opusx Tetrachimena puriyormis. B Takux OmbITax Mbl OIpeACIIsITH
OTHOCHUTEJIbHYIO OMOJOIMUECKYI0 IIEHHOCTh Msica U ero 0e3BpeaHOCThb. Pe3ynbTarel
HCCIIEJIOBAHUS IPUBEICHBI B Ta0M1. 6.

Tabnvua 6

Moka3aTenu oTHOCUTEIbHOW OMOJIOrMYecKoii LeHHOCTU U 6e3BpeaHOoCTN Msca
npu Ao06poKa4YeCTBEHHbIX OMYyXOnsX

MNMokasaTenun ncenenoBaHna Mdaca
Ne o6pasua OB Konuyectso
2 obpasu maca, % o MopBmXHOCTL dopma OTkNOHEHUA | % OT KOHT-
! nHby30pUi
81 mn nHbY30pUi nHbY30pUn OT KOHTPONA ponsa
1 89,06 41,17x 10" | CoxpaHena CoxpaHeHa -4,51x10° 90,08
2 95,01 43,01 x10° | CoxpaHena CoxpaHeHa -2,67x10° 94,11
3 86,13 39,67 x 10° | CoxpaHeHa CoxpaHeHa -6,01x10° 86,11
4 90,09 41,62x10° |CoxpaHena CoxpaHeHa -4,06x 10" 91,09
5 92,38 42,86x10° | CoxpaHena CoxpaHeHa -2,82x 10" 93,82
KoHtpons | 100,00 45,68 x 10° AKTVBHas CoxpaHeHa — 100,0

[IpoBeneHHbIE ONBITHI MTOKA3aJH, YTO B MTUTATEIBHOM Cpesie C JOOABICHUEM BBITSK-
KU M3 CBEXETO TOBSHKBEro Msca OOJIbHBIX JKUBOTHBIX HHTEHCUBHOCTH HAKOTUICHHUS KIle-
TOK MH(Y30pHii ObLIa pa3NUYHON M UMeNa TEHACHIMIO K TOHM)KEHHUIO TI0 CPABHEHHIO
C MSICOM KOHTPOJIbHBIX JKUBOTHBIX. Hakoruienne nady3opuii B 1 M1 mUTaTenbHON Cpebl
C MSCOM HOPaKEHHBIX OIMyXOJIAMHU KMBOTHBIX CHMKAI0Ch Ha 2,67...6,01x10* kinetok
npocTermmx, win Ha 5,89...13,89% MeHblile 0 CpaBHEHUIO € MSICOM 370pPOBOI0 CKOTA.
[Tpu 3ToM (hopma KIIETOK M UX TMOIBMKHOCTH COXPAHSUTUCh U HE UMEJIM 3aMETHBIX OTIIH-
YHid OT KJIETOK MH(PY30PHI ¢ UCTIOTB30BAHUEM BBITSKKH M3 KOHTPOJIBHOTO MSCA.

[Tokazarenu oOmieit GMOJOTMYECKON IIEHHOCTH MsCa KPYITHOTO POraToro CKOTa,
HOPaXKEHHOT'0 OIMyXOoJsiMH, ObuTH Ha 4,99...13,87% HMXKe 10 CPaBHEHUIO C MSICOM 3]10-
POBBIX JKUBOTHBIX.

OTH JaHHBIE CBHIETENBCTBYIOT, uTo Msico KPC, mopaskeHHOTO JOOpOKayecTBEeH-
HBIMH OIyXOJIIMH, UMEET TOKa3aTeJI OTHOCUTEIILHOM OMOIIOTHYECKON IEHHOCTH HIDKE
Ha 4,99...13,87% 1o cpaBHEHHIO C MSICOM 3[JOPOBOTO CKOTA, MIOKa3aTeNn OEe3BpeaHO-
cTH — HUXxe Ha 5,89...13,89%, yem MsICO KOHTPOJIBHOT'O CKOTA.
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BbiBOAbI

AHanusupys pe3ysbTaThl HAllMX UCCIEA0BAHUM M yUUTHIBasi COBPEMEHHBIE JAHHbIE
10 OHYXOHCBOﬁ IaToJIOTuun 'y CEJIbCKOXO3IMCTBEHHBIX KHUBOTHBIX, MOXXHO CICJIaTh BbI-
BO/IbI, YTO OIyXOJIM y JKUBOTHBIX HUMEIOT ONPEJICNICHHOE paclpocTpaHeHue. BoisaBis-
eMble JJOOpOKaueCTBEHHbIE OIYXOJIM pa3HOOOpa3Hbl 110 MaToreHesy, Gopme U CTpyK-
Type, HO OHH SIBJIAIOTCS OJM3KUMHU 10 KIMHUYECKOMY IIPOSBICHUIO U BIUSHUIO HA Op-
TaHHU3M KHUBOTHOTIO.

HoBoobOpa3oBaHus y JKUBOTHBIX €lle c1a00 M3y4€HbI, OHU COCTABISIOT 0COOYIO
rpymniry 3a0ojieBaHUN ¥ UMEIOT OO0JIbIIIOE 3HAYEHUE I BETepUHAPHO-CAHUTAPHOM
OLIEHKH Msica U CyOIpOoIyKTOB YOOHHOro ckota. JJoOpokadecTBEeHHbIe HOBOOOPa30BaHUS
Bcrpeuatorcss y KPC B 0,02...0,16% citydaeB oT uuciia IpakKTUYECKH YOUTOTO TOTO-
n0Bbs. [Ipu 3TOM y TemsIT omyxosu oTcyTcTBYIOT. HO MOCKO/IBbKY HCTUHHBIE TPUYHHBI
BO3HUKHOBEHUS OITyXOJIel BCE €Ille OCTAIOTCS HEeM3yYeHHBIMH U HAyYHOTO 00OCHOBA-
HMSl BETCAHOLIEHKH MOPAKEHHBIX OIyXOJISIMU JKUBOTHBIX MscCa €Ile He pa3paboTaHo,
TO CO3/1aeTCsl HEOOXOAMMOCTh OIpeieIeH s Hanbosee 6e30MacHOro U paloHaIbHOTO
UCIIOJIb30BaHMs TAKOTO MsCa B MUIIEBBIX LEAX. Ho moTpe6iisist Msico )KUBOTHBIX, TOpa-
JKCHHBIX OITYXOJIAIMH, Mbl HC MOXEM HPCAIIOI0XUTb, KAKOC BJIIMAHUE OHO OKAa3bIBACT
Ha opraHusM 4yenoseka. [1oaToMy npu oOHapy>KeHUH OIyXOJei TyIIH U CyOIpOIyKThI
HCO6XOIII/IMO 3a4UlIaTh, HCIIOPAKCHHBIC YaCTHU Tyl U OPraHOB HAIIPABJIATH HE B CBO-
OOIHYIO pean3alHIo, a Ha epepaboTKy ¢ MOCIESTYIOIMM 0053aTeIbHBIM TEPMHUYECKUM
obe33apaxuBaHueM. Takoe MsCO MOKHO HCIIOIB30BATh JUIS MIPOU3BOJICTBA KOJIOACHBIX
W3/1eNINiH, MACHBIX XJICOOB MII KOHCEPBOB. [Ipn OTCYTCTBUM TaKoil BO3MOXKHOCTH MSICO
u CY6HpOI[yKTLI IOCJIC 3aYUCTKH HAJA0 HAIIPABJATH HA IMMPOBAPKY WIH JJIS1 U3TOTOBJICHHUSA
X0JIo1a U cTyAHA. KpoBb M 9HIOKPUHHOE CHIPbE JUIl MEAUIMHCKUX LieNei He cobu-
patoT. llIkypsl noasnexxat 06paboTke U OOLIETIPUHATOMY KOHCEPBUPOBAHHIO TIOCOJIOM
W Ty3JykoBaHueM. He momyckaercs ckapMiInBaTh IUIOTOSAHBIM JOMAIIHUM >KHBOT-
HBIM B CBIPOM BUJIE 3a4HCTKY OITyXOJIeH Ha TYyILIE WIM BHYTPEHHUX OpPraHax, €€ ClIeIyeT
yTHIM3UpOBaTh. IIpy aucTpohyeckux N3MEHEHHAX B MBILIAX U OpraHax TYIIU U CyO-
HPOIYKThI HAPABIAIOT B yTWib. [Ipu nepepaboTke Takoro msca CO3at0TCsl YCIOBUS
MMOBBIIIIEHHOW THTHEHBI U OoJjiee CTpoOro CO6J'II-OI[aIOTCH ImpaBuJia JIMYHON THTHEHBI
nepcoHana.

References

1. Vasilchenko AA. The study of incidence of hemoblastosis in cattle and people. Veterinariya.
1984; (59):25—27. (In Russ).

2. Russian Federation law. Kachestvo i bezopasnost' pishchevykh produktov [Quality and safety
of food products]. Moscow; 2001. (In Russ).

3. Terekhov PF. Veterinarnaya klinicheskaya onkologiya [Veterinary Clinical Oncology]. Moscow:
Kolos Publ.; 1983. (In Russ).

4. Kudryavtseva TP. Cattle tumors. Trudy VIEV. 1981; 54:106—116. (In Russ).

5. Shishkov VP. Tumors and leukemia of animals (biological, economic and veterinary-medical
aspects). In: Shabad LM, Shishkov VP. (eds.) Problemy eksperimental'noi onkologii i leikozov
cheloveka i zhivotnykh [Problems of experimental oncology, human and animal leukemial].
Moscow: Kolos Publ.; 1979. p. 11—22. (In Russ).

VETERINARY SANITARY INSPECTION 507



Cepeeun U.I'. u op. Bectuuk PYJIH. Cepusi: ArpoHomus u xuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 492—510

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

508

Misdorp W, Van Der Heul RO. Tumours of bones and joints. Bulletin of the world health
organization. 1976; 53(2—3):265—282.

Povey RC, Osborne AD. Mammary gland neoplasia in the cow. A review of the literature
and report of a fibrosarcoma. Pathologia veterinaria. 1969; 6(6):502—512. doi:
10.1177/030098586900600603

Tsutsui T, Kobayashi S, Hayama Y, Yamamoto T. Fraction of bovine leukemia virus-infected
dairy cattle developing enzootic bovine leucosis. Preventive veterinary medicine. 2016; 124:96—
101. doi: 10.1016/j.prevetmed.2015.11.019

Seregin IG, Usha BV. Laboratornye metody v veterinarno-sanitarnoi ekspertize pishchevogo
syr'va i gotovykh produktov [Laboratory methods in veterinary and sanitary examination of food
raw materials and finished products]. 2nd ed. Moscow: Stereotip Publ.; 2018. (In Russ).
Ortloff A, Neumann J, Illanes O. Concurrent Gliosarcoma and Choroid Plexus Carcinoma in a Cow.
Journal of comparative pathology. 2017; 156(1):25—28. doi: 10.1016/j.jcpa.2016.10.007
Golovin DI. Lymphomas. In: Oshibki i trudnosti gistologicheskoi diagnostiki opukholei [Errors
and difficulties of histological diagnosis of tumors]. Leningrad: Meditsina Publ.; 1982. p. 38—
65. (In Russ).

Bertone AL. Neoplasms of the bovine gastrointestinal tract. Vet Clin North Am Food Anim Pract.
1990; 6(2):515—524. doi: 10.1016/s0749-0720(15)30876-8

Chernitskiy AE, Sidelnikova VI. Modern ideas of endogenous intoxication role in pathogenesis
of general adaptation syndrome and inflammation in animals. In: Problemy i puti razvitiya
veterinarii vysokotekhnologichnogo zhivotnovodstva : Materialy Mezhdunarodnoi nauchno-
prakticheskoi konferentsii [Problems and ways of development of high-tech animal husbandry:
Proceedings of the international scientific and practical conference]. Voronezh: Istoki Publ.; 2015.
p. 478—484. (In Russ).

Benavides J, Fuertes M, Pérez V, Delgado L, Ferreras MC. Ruminal Leiomyosarcoma in an adult
cow. Berliner und Munchener tierarztliche Wochenschrift. 2016; 129(7—=8):355—359.
Ogasawara F, Kumagai Y, Mikami O, Ishikawa Y, Kadota K. Erythroblastic sarcoma in the
thoracic cavity of a cow. Journal of Veterinary Medical Science. 2019; 81(1):134—137.
doi: 10.1292/jvms.18-0413

Horiuchi N, Komagata M, Shitamura K, Chiba S, Matsumoto K, Inokuma H, Matsui T,
Kobayashi Y. Glomus tumor of the liver in a cow. J Vet Med Sci. 2015; 77(6):729—732.
doi: 10.1292/jvms.14-0327

USSR Ministry of Agriculture. Pravila veterinarnogo osmotra uboinykh zhivotnykh i veteri-
narno-sanitarnoi ekspertizy myasa i myasnykh produktov [Rules for veterinary inspection
of slaughtered animals and veterinary-sanitary inspection of meat and meat products]. Moscow:
Agropromizdat Publ.; 1998. (In Russ).

Federal agency for technical regulation and metrology. SanPiN 2.3.2.1078—01. Gigienicheskie
trebovaniya bezopasnosti i pishchevoi tsennosti pishchevykh produktov [Hygienic requirements
for food safety and nutritional value]. Moscow: Izdanie ofitsial'noe Publ.; 2002. (In Russ).
Rodina GG, Vuks GA. Degustatsionnyi analiz produktov [Tasting analysis of products]. Mos-
cow: Kolos Publ.; 1994. (In Russ).

Tolokonnikov VP. Sbornik normativnykh dokumentov po veterinarno-sanitarnoi ekspertize
i gosvetnadzoru [Collection of regulatory documents on veterinary-sanitary expertise and state
supervision]. Stavropol: Agrus Publ.; 2015. (In Russ).

Buonuorpadunyeckuini cnMcok

. Bacunvuenrxo A.A. I3ydyenue 3a60oneBaeMoCTH TeM00IaCTO3aMU KPYITHOTO POraToro cKoTa

u mroneit // Berepunapus. 1984. Ne 59. C. 25—27.
3akoH P® «O kagecTBe U 6€301MaCHOCTH MUMIEBEIX MPOIYKTOBY. M., 2001. 41 c.
Tepexoe I1.@. Berepunapnas knuHudeckasi oukosorusi. M.: Komoc, 1983. 208 c.

BETEPUHAPHO-CAHUTAPHAS OKCITEPTU3A



Seregin I.G. et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):492—510

4. Kyopseyesa T.I1. Omyxonu kpymnHoro poraroro ckota // Tp. BUDB. 1981. T. 54. C. 106—116.

5. Hluwxosg B.Il. Onyxonu U JISHKO3HI JKUBOTHBIX (OMOJIOTHIECKHE, SKOHOMHIECKIE U BeTepHHAP-
HO-MEMIIMHCKHE acTiekTsl) // [Ipo0iieMbl SKCTiepruMEHTaIbHOM OHKOJIOTHH M JISHKO30B YEIOBEeKa
n xkuBOTHEIX. M.: Konoc, 1979. C. 11—22.

6. Misdorp W., Van Der Heul R.O. Tumours of bones and joints // Bulletin of the world health
organization. 1976. Vol. 53. No. (2—3). P. 265—282.

7. Povey R.C., Osborne A.D. Mammary gland neoplasia in the cow. A review of the litera-
ture and report of a fibrosarcoma // Pathol Vet. 1969. Vol. 6. Ne 6. P. 502—12. doi:
10.1177/030098586900600603

8. Tsutsui T., Kobayashi S., Hayama Y., Yamamoto T. Fraction of bovine leukemia virus-infected
dairy cattle developing enzootic bovine leucosis // J Prev Vet Med. 2016. Vol. 124 P. 96—101.
doi: 10.1016/j.prevetmed.2015.11.019

9. Cepecun U.I'., Ywa b.B. JJabopaTopHble METOABI B BETEPUHAPHO-CAHUTAPHOM IKCIIEPTH3E
MULIEBOTO ChIPbS U TOTOBBIX MPOIYKTOB. 2 u3a. M.: Crepeotumn, 2018. 408 c.

10. Ortloff A., Neumann J., Illanes O. Concurrent Gliosarcoma and Choroid Plexus Carcinoma
in a Cow // J Comp Pathol. 2017. Vol. 156. Ne 1. P. 25—28. doi: 10.1016/j.jcpa.2016.10.007

11. Ionosun /. 1. Jlumbomsl // OmmOKH U TPYAHOCTH TUCTOJIOTUYECKON AMArHOCTHKH OITyXOJIeH.
JI.: Meaununa, 1982. 304 c.

12. Bertone A.L. Neoplasms of the bovine gastrointestinal tract // Vet Clin North Am Food Anim
Pract. 1990. Vol. 6. Ne 2. P. 515—524. doi: 10.1016/s0749-0720(15)30876-8

13. Yepnuyxuii A.E., Cudervnurxosa B.M. CoBpeMeHHBIE IPEICTABICHUS O POIU YHIOTCHHON
MHTOKCHKAIIWH B ITATOTCHE3€ OOIIEro aanTalMoOHHOTO CHHIPOMA M BOCHAICHUS y JKHBOTHBIX //
[Tpo6aemsbl U MyTH pa3BUTHS BETEPUHAPUH BHICOKOTEXHOJIOTHYHOTO YKUBOTHOBOJCTBA: Mate-
puansl MexayHapoJHOH HaydyHO-IpaKTHUecKoi KoH(pepeHuuu. Boponex: Mcroku, 2015.
C. 478—48.

14. Benavides J., Fuertes M., Pérez V., Delgado L., Ferreras M.C. Ruminal Leiomyosarcoma
in an adult cow // Berl Munch Tierarztl Wochenschr. 2016. Vol. 129. Ne 7—S8. P. 355—359.

15. Ogasawara F., Kumagai Y., Mikami O., Ishikawa Y., Kadota K. Erythroblastic sarcoma
in the thoracic cavity of a cow // J Vet Med Sci. 2019. Vol. 81. Ne 1. P. 134—137. doi:
10.1292/jvms.18-0413

16. Horiuchi N., Komagata M., Shitamura K., Chiba S., Matsumoto K., Inokuma H., Matsui T.,
Kobayashi Y. Glomus tumor of the liver in a cow // J Vet Med Sci. 2015. Vol. 77. Ne 6.
P. 729—32. doi: 10.1292/jvms.14-0327

17. TlpaBuia BeTEpHHAPHOTO OCMOTpPa YOOWHBIX KMBOTHBIX M BETEPHHAPHO-CAHUTAPHON IKCIIEp-
THU3BI MsICa U MSICHBIX NPOIYyKTOB. M.: Arponpomuzaat, 1998. 68 c.

18. Canllun 2.3.2.1078—01. I'uruennueckue TpeOOBaHUS OC30MACHOCTH M MHUIIECBOW IIEHHOCTH
MUIIEBBIX MPoayKToB. M.: M3nanue opuumansuoe, 2002. 215 c.

19. Poouna I'T., Bykc I''A. JlerycTannoHHbIN aHamu3 npoaykroB. M.: Komoc, 1994. 192 c.

20. Tonoxounuxoe B.I1. COOpHHK HOPMATHBHBIX JOKYMEHTOB IT0 BETepPHHAPHO-CAaHUTAPHOHN SKCIIep-
Tu3e u roceetHanzopy. Crasponois: U3n-so CTI'AY «AI'PYCy», 2015. 348 c.

About authors:

Seregin Ivan Georgievich — Candidate of Veterinary Sciences, Professor, Department of Morpho-
logy and Veterinary Sanitary Expertise, Russian State Agrarian University — Moscow Timiryazev
Agricultural Academy, 49, Timiryazevskaya st., Moscow, 127550, Russian Federation, e-mail:
iseregin@rgau-msha.ru

Baranovich Evgenia Sergeevna — Candidate of Veterinary Sciences, Associate Professor, Department
of Morphology and Veterinary and Sanitary Expertise, Russian State Agrarian University — Moscow
Timiryazev Agricultural Academy, 49, Timiryazevskaya st., Moscow, 127550, Russian Federation,
e-mail: ebaranovich@rgau-msha.ru

VETERINARY SANITARY INSPECTION 509



Cepeeun U.I'. u op. Bectuuk PYJIH. Cepusi: ArpoHomus u xuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 492—510

Nikitchenko Viadimir Efimovich — Doctor of Veterinary Sciences, Professor, Department of Veteri-
nary Medicine, Agrarian and Technological Institute, Peoples' Friendship University of Russia; 6,
Miklukho-Maklaya st., Moscow, 117198, Russian Federation, e-mail: v.e.nikitchenko@mail.ru

Nikitchenko Dmitry Viadimirovich — Doctor of Biological Sciences, Chief Veterinarian,
Ostankino Meat Processing Plant, 14, Ogorodny pr., Moscow, 127254, Russian Federation, e-mail:
v.e. nikitchenko@mail.ru

Rystsova Ekaterina Olegovna — Candidate of Agricultural Sciences, Associate Professor, Department
of Veterinary Medicine, Agrarian and Technological Institute, Peoples' Friendship University of Russia,
6, Miklukho-Maklaya st., Moscow, 117198, Russian Federation, e-mail: ekaterina-ryscova@yandex.ru

06 aBTOpax:

Cepeeun Hesan I'eopeueeuy — xaHAMIAT BETCPUHAPHBIX HAyK, mpodeccop kadeapsl Mopdonoruu
U BETCPUHAPHO-CAHUTAPHOU 3KCIEPTU3bI, POCCUICKUII TOCYJapCTBEHHBIN arpapHblil YHUBEPCUTET —
MCXA umenu K.A. Tumupszesa, Poccuiickas ®@enepanus, 127550, r. Mocksa, yi. TumupszeBckas,
I. 49, e-mail: iseregin@rgau-msha.ru

bapanosuy Eeeenusn Cepeeesia — NOLEHT, KaHOUAAT BETEPHHAPHBIX HAyK, OLEHT Kadenpsl Mopdo-
JIOTUM ¥ BETEPUHAPHO-CAHUTAPHOM 3KCIEepTU3bl, Poccuiickuil rocy 1apcTBEHHBIN arpapHbld YHUBEP-
cuter — MCXA umenu K.A. TumupsizeBa, Poccuiickas ®enepanus, 127550, r. Mocksa, yi. Tumu-
ps3eBckas, 1. 49, e-mail: ebaranovich@rgau-msha.ru

Huxumuenxo Braoumup E¢umosuy — HOKTOp BETEpUHAPHBIX HayK, podeccop, npodeccop aenap-
TaMEHTa BETEPHHAPHOW MEIHIIMHBI ATpapHO-TEXHOIOTHIECKOro HHCTHTYTa Poccuiickoro yHuBep-
curteTa qpyx06l HapoaoB; Poccuiickas @eneparst, 117198, Mocksa, yin. Muxiryxo-Makas, 1. 6,
e-mail: v.e.nikitchenko@mail.ru

Hukumuenxo Imumpuii Braoumuposuy — MOKTOp OMONIOTUYECKUX HAYK, TTaBHBIA BETCPUHAPHBIN
Bpad, OAO «OcTaHKHHCKIN MscoTiepepadaThIBatoInii KoMOMHATY, Poccuiickas @enepars, 127254,
r. Mocksa, nip-1 OroponHsii, ctp. 14; e-mail: v.e. nikitchenko@mail.ru

Puoicyosa Examepuna Onezosna — KaHIWIAT CEIbCKOXO3SMCTBCHHBIX HAYK, JOLCHT ACNapTaMeHTa
BETEPUHAPHON MEIUIMHBI ATPapHO-TEXHOJIOTHYECKOTO HHCTUTYTa Poccuiickoro yHuBepcuTeTa
Ipy>x061 HaponoB; Poccuiickas @enepanns, 117198, Mocksa, yin. Mukiyxo-Maknas, 1. 6, e-mail:
ekaterina-ryscova@yandex.ru



Becthuk PYAH. Cepua: ATPOHOMUS U XXUBOTHOBOACTBO http://agrojournal.rudn.ru

@ RUDN Journal of Agronomy and Animal Industries 2019; 14(4):511—519
W

ArpoakoHoOMuUKa
Agroeconomics

DOI: 10.22363/2312-797X-2019-14-4-511-519
UDC: 631.95

Research article

Socio-economic impacts of the exploitation
of the marshes of Kayanza province
in the Northern Burundi: case of marshes
of the average Ruvubu and its tributaries

Gilbert Nijimbere'*, Anatoly I. Suprunov’,
Gaspard Banyankimbona®

"Kuban State Agrarian University, Krasnodar, Russian Federation
*University of Burundi, Bujumbura, Burundi

Corresponding author: gilbert.nijimbere@ub.edu.bi

Abstract. The wetlands whose marshes are currently under pressure from the growing population
require a consequent increase in production. The marshes are now agricultural reserves coveted because,
firstly, the scarcity of arable land, of the other problems of erosion and soil fertility decline affecting
land in hills uphill. The mostly poor people resort to these marginal lands, to the suppression of fallows
and to afforestation. This results in overexploitation that accelerates the degradation of soil and biological
and abiotic resources. However, farmers do not have the knowledge and technologies to enable them
to sustainably manage wetlands. The results of this study show that the population of our study area is
largely dependent on marshes for drinking and irrigation water supply, building and basketry materials,
and plant species to feed the farm animals. The majority of farmers have a portion of land in the marshes.
The main crops are currently leguminous and tuberous plants with rice and beans which are successively
the most productive crops. The majority exploit the marshes in both dry and rain seasons. The marshes
provide 78% of the farmers with an average income between 0 and § 30 per plot/season. The income is
very low given the needs of farmers. These activities have resulted in the disappearance of the original fauna
and vegetation of these marshes more than 13 years ago. The results of the study led us to conclude that
these marshes were dominated by Cyperus papyrus. The draining of marshes has led to the drying up
of springs, the loss of many animal and plant species.
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Introduction

Marshes are one of the variants of wetlands. Around the world, rural development
specialists have long considered wetlands as sterile and unhealthy environments, disease
epidemics and a haven for mosquitoes. With the evolution of technology, many efforts
have been made to develop and dedicate the space they occupy to use supposed “more
productive”, such as irrigated agriculture. Some have even been totally dried out [1].
In the last decade, about 60% of wetlands have been destroyed in the world, mainly
because of drainage (for agriculture), pollution and dams [2]. One of the reasons for
the alarming disappearance of wetlands is that they are multifunctional (biodiversity
reserve, recreational activities, carbon storage) and have a certain economic interest
for different activities (fish farming, agriculture, mining materials). People always need
water, whether for consumption, for cooking or for any type of domestic or industrial
use. To obtain water, many rural communities without access to surface water use
groundwater [3].

Apart from marshes, other wetlands encountered in Burundi are the lakes, rivers
and bogs from the definition adopted by 98 countries of the Ramsar Convention. Ac-
cording to the Water Act of 1992 of the same Convention, wetlands which include the
marshes are developed land or not, usually flooded or waterlogged fresh, salt or brackish
permanently or temporarily. The vegetation, when it exists, is dominated by hygrophilous
plants for at least part of the year. In Burundi, the word ‘marsh’ is used in a rather
particular sense. Commonly, the term ‘marsh’ refers to wet valley bottoms excluding
dry shallows, the shade being sometimes held. Beyond their common feature, physical
marshes stand out in various ways: the point of view of soil texture (peat, clay or sandy
areas) and natural vegetation (papyrus, reeds, grasses) and their geographical location
(altitude) and groundwater level [4].

Article 2 of Burundian law on the marshes stipulates that they are usually inundated
depression in land or waterlogged, either permanently or temporarily. When dry, marshes
are distinguished from dry marshes by the existence, on all or part of their surface,
of a network of natural or artificial emissaries [4]. A marsh is defined as the lower part
of a hill or valley; it is flat or concave with a slope and composed of either alluvial
soils, or organic soils or peat depending on the water conditions and/or its altitude [5].

That it is laid out and therefore does not have stagnant water in the rainy season,
whether it is sterile as a result of a poor exploitation of peat or clay or that it is a floating
peat, a marsh keep its meaning. It is the result of a deposit of solids torn off the hill or
the valley overlooking low slope. Generally, a shallow bed can be grown in the rainy
season with or without surface drainage and in the dry season with irrigation.
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A marsh is also defined as a part between two ranges of hills and drained by one
or more streams. The water flows at a very low speed or is stagnant on a thin layer with
specific vegetation (papyrus) [6]. Their characterization differs according to soil and
hydrological conditions [4]. Water flows at very low speed or stagnates on a thin layer
with specific vegetation (papyrus) [4]. Their exploitation dates from the year 1920
at the instigation of the Belgian tutelary administration. Previously, the low density
on the hill did not encourage people to consider the use of marshes.

For a long time they were used as pasture for cattle, especially during the dry season,
when the hills were dry. They are also rich in clay, sand, gravel and rubble that are
building materials and peat that is a source of thermal energy. Because of their almost
constant moisture, marshes are important tracts of valuable land for various crops, espe-
cially during the dry season, when hills are not cultivated without irrigation [7]. Burun-
dian marshes are fragile and made even more vulnerable as their exploitation is in-
creasing. They have a clear diversity in terms of their shape and size, as well as their
vocations and their agro-ecological characteristics [4]. Nevertheless, their development
is not yet the subject of a strategy that responds to imperatives of sustainable devel-
opment [8].

If for a long time the marshes escaped intensive exploitation for reasons including
cultural and climatic reasons, they now constitute highly coveted agricultural reserves
because, on the one hand, the scarcity of arable land, on the other hand, erosion problems
and declining soil fertility which affect upland stream hills. Marshes also lend them-
selves to productive uses of less socio-economic importance, such as fish farming in small
ponds, the exploitation of clay for the brick and tile industry or the extraction of peat
for energy purposes or for the manufacture of fertilizers. In the past, they were only grown
during the dry season (flood recession cultivation), using a drainage system dug to main-
tain the water level, so that the ecosystem was not disturbed.

The recent introduction of rice, however, has upset this system: practiced during
the rainy season, it was draining because the rice needs a lot of water during its growing
cycle [4]. The concern to meet the needs of the population in constant growth requires
a consequent increase in production. As a result, poor people use marginal lands, clearing
fallows and forestation. This results in overexploitation that accelerates soil degradation
and significantly reduces biological diversity. In addition, the desire to diversify sources
of income through the creation of income-generating activities is causing serious damage
to the environment. The manufacture of bricks and tiles requires huge amounts of wood
to cook. Likewise, this activity exports a lot of superficial marshland leaving only gravel
and sand. Gravel and peat mining disturbs riverbeds and predisposes fields to flooding
during the rainy season.

The province of Kayanza that was the subject of our study is among the most
populous provinces of the country, with a population living mainly from agriculture.
With a population of 585 412 inhabitants, or 7.2% of the national population [9],
the province of Kayanza occupies an area of 7 510 ha occupied by marshes [8]. These
marshes are seasonally cultivated and about 11% of the Burundian marsh fields are in this
province [10]. The study aims to show the socio-economic impacts of the exploitation
of marshes in Kayanza province in the Northern Burundi.
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Materials and methods

In order to collect the data related to this study, an investigation completed by the
focus group was used. A total of 126 farmers in two communes (Muhanga and Buta-
ganzwa) were investigated. We have chosen a total of 13 census hills. The choice of these
hills was motivated mainly by the fact that they underlie the marshes under study. In ad-
dition, the two municipalities are home to more of the marshes of Kayanza province.

The survey questionnaire includes questions about marshes attachment/dependence,
marshes evolution; land acquisition method, area, fertilization, productivity, plant species
in livestock feed, income and legal framework around the marshes. Of our respondents,
61% are male and 39% are female. The vernacular names provided to us during the sur-
vey have been translated into scientific names thanks to the information collected in vari-
ous works of Nzigidahera (2007, 2008, 2009) on biodiversity in Burundi [11—14].
The data related to the area were acquired through the measurements using GPS.
The SPSS software allowed us to process the data collected during this study.

Results and discussion

Information specific to survey on farmers and their attachment/dependence
on marshes. The results of the survey show that farmers depend on marshes or rivers
for a variety of purposes. Almost all farmers (94.4%) obtain drinking water from marshes
(the remaining 5.6% drink tap water), 74.6% rely on irrigation water, 66.7% in building
materials and 15.9% in basketry materials, these percentages being calculated for each
end. The results of the study show that 92% of our respondents have at least a portion
of land in the marshes.

Land acquisition mode. The modes of acquisition of the parcels most used at the
level of the marshes subjected to our study are especially the inheritance, sharecropping
and the purchase. The first is the most common mode of acquisition since the parcel
is appropriated by succession. In the case of the purchase, the transfer of the parcel is
done against payment. And as for sharecropping, the sharecropper gives the owner
of a plot part of the harvest. The results of this study show that 78.5% of parcels are
acquired through inheritance. The purchase is the second mode and allows the acquisition
0f 19.8% of the plots and 1.7% remaining are acquired through sharecropping.

Land area. Of the 126 people surveyed, 116 people gave the estimated area of one
of their plots. The latter coupled with the average area of a plot obtained on the basis
of measurements of 60 parcels by GPS enabled us to give the characteristics of the par-
cels (Table 1).

Table 1
Characteristics of parcels
Characteristics Estimated area a, are Measured area b, are Difference (b — a)
Mean 1.65 1.95 0.3
Median 1.3 1.43 0.13
Mode 1.5 1.08 -0.42
Variance 1.36 2.13 0.77
Minimum 0.12 0.15 0.03
Maximum 6.4 7.9 1.5
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The results in Table 1 above show that the estimated average area of a plot is
1.65 are. The size of a plot is an important element in the planning of agricultural activi-
ties, the results of the survey allowed us to give its distribution shows that 38% of our
respondents have plots of area ranging from 0—1 are, 43% 1—2 are and the rest (19%)
has more than 2 are. The results show that each farmer has about 2 parcels on average
in the marshes. The results of our statistical analysis show that the asymmetry or Knew-
ness coefficient (CA) is 1.4 and the Kurtosis coefficient (CK) is 2.15. These values are
different from the theoretical values (CA < |1] and CK < [1.5|). This indicates that
the distribution of plot areas does not follow a normal distribution.

Types and importance of swamp crops. The main types of crops include cereals,
leguminous and tuberous plants. The importance was evaluated on the basis of 101
responses of our respondents and the results are as follows: 49.1% are leguminous, 47.8%
cereals and tuberous plants 3.1%.

Fertilization. Our study shows that only 25.6% of farmers use fertilizer to increase
production. According to 53.3% of respondents, these are chemical and the remaining
46.7% are organic fertilizers. Small-scale fertilization is explained by the fact that few
farmers allocate little money for any agricultural activity, only 1.7% takes out loans.

Marsh productivity. Marsh productivity has taken into account the importance
of crops. Beans are the most productive crop (at 49.2%) followed by rice (42.8%).
The other crops come in the following order: potato (5.1%), corn (2.7%), and finally
sweet potato (0.3%).

Legal framework for the exploitation of marshes. In Burundi, there is law on marshes.
The latter contains information related to sustainable management. Nevertheless,
the majority (80%) of farmers interviewed say they have not been aware of it.

Impacts of agricultural activities on the biological resources of marshes. The results
of our investigation show that the marshes of our study area lost the original vegetation
more than 13 years ago as 30.2% of our respondents testify.

They were dominated by the species Cyperus papyrus (43.5%), Phragmites mauri-
tianus (17.7%), Cyperus distans (16.1%), and remaining species (Acacia sieberana,
Polygonum pulchrum, Cyperus pseudocladus, Cyperus latifolius) are cited by 22.7%
of respondents (Table 2). These results allow conclude that the land was occupied
by marshes of Cyperus papyrus.

Among animals in the marshes, fish are the best known and have very diverse
vernacular names. Among them are the species Clarias gariepinus, Haplochromis sp.
(Table 3). It should be noted that 76.9% of the 126 people interviewed (97) provided
us information on marsh biodiversity and regret their decline.

Table 2
Formerly dominant plant species in marsh
Scientific name Vernacular name Percentage, %
1. Acacia sieberana Iminyinya 8.1
2. Cyperus distans Intaretare 16.1
3. Phragmites mauritianus Amarenga 17.7
4. Polygonum pulchrum Ibigorogonzo 4.8
5. Cyperus pseudocladus Ibikamo 1.6
6. Cyperus papyrus Urufunzo 43.5
7. Cyperus latifolius Urukangaga 8.1
Total 100.0
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Table 3
Summary on marsh fauna
Scientific name Vernacular name

Cercopithecus aethiops Inkende

Hippopotamus amphibius Imvubu

Crocuta crocuta Imfyisi

Clarias liocephalus Isomvyi

Haplochromis sp. Injori

Clarias gariepinus Imare

Table 4
Marsh plant species involved in livestock feeding
Scientific name Vernacular name Number Percentage, %
of responses
1. Bidens pilosa Icanda 6 7.0
2. Commelina diffusa Uruteza 17 19.8
3. Cyperus latifolius Urukangaga 6 7.0
4. Digitaria vestita Urwiri 43 50.0
5. Cyperus pseudocladus Urukamo 2 2.3
6. Crassocephalum montuosum Ibifurifuri 5 5.8
7. Panicum maximum Igikaranka 2 2.3
8. Bothriocline longipes Imibebe 3 3.5
9. Polygonum pulchrum Ibigorogonzo 2 2.3
Total 86 100.0

Plant species of marshes participating in the feeding of livestock. The results of this
work reveal that 41.9% of farmers find forage for their livestock in the marshes. Table 4
shows which plant species are the most common fodder.

According to the analysis of the results of this table 4, Digitaria vestita (50%)
and Commelina diffusa (19.8%) are the most recognized species in the marshes and used
in cattle feeding followed by Bidens pilosa and Cyperus latifolius (7% each of these
species).

Income from farming activities. The income of marsh farmers in our study area has
been calculated on the basis of production from food crops such as rice, beans, maize,
potatoes and sweet potatoes. This allowed us to give the distribution of the farmers
in different income groups by plot and season of cultivation.

The figure above shows that 78% of farmers have an income / parcel / season
in US dollars in the range [$ 0.28, 18% in the interval] $ 30, $ 60] and 4% of [$ 60, $ 120].
The average income is $§ 18 while the average income /are is estimated at $ 10.

Frequency of farmers by income group in % in $
100,0%
80,0%
60,0%

40,0% W Frequency of farmers by
income bracketin %in$"
20,0%

[0,30%] 130%,603] 160$, 90$] 190$, 120%]

0,0%

Distribution of farmers by income
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Conclusions

Although marshes have long been unexploited, they are now under considerable
pressure to search for cropland. The growing population in Burundi is a problem in view
of the need to ensure the survival of the current population and future generations.
The destruction of marshes is a result of agricultural activities that are unsustainable.
Few marshes are well maintained, and farmers are not aware of some land laws
in general. The areas are very fragmented, and farmers do not have the knowledge and
technologies to improve production.

The continuous work of land without fallow depletes the soil with nutrients and
is accompanied by a decline in soil fertility. Farmers do not have sufficient resources
to modernize the agricultural sector. This results in the lack of quality seeds and fertilizers
which lead to poor harvests. The animal and plant species are threatened with extinction
as a result of the clearing and drainage of marshes. There is today the risks of losing
forever the ecological services offered by marshes, which are mainly water storage,
a reservoir of genetics for many animal and plant species. The disappearance of vege-
tation in the marshes is the cause of drying up of sources of water supply and the death
or escape of animals caused by the loss of biotopes. Of all the foregoing, it is urgent
to educate marsh users about sustainable marsh management.
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AnHoTanus. Ha BOTHO-00OTHBIX YTOMABSIX, KOTOPBIE B HACTOSAIIEE BPEeMsl HAXOAATCS O] BO3ICH-
CTBHEM BO3pacTaromiell IIIOTHOCTH HAaceNeH s, HEOOXOAMMO TTOCIIEI0BATENIFHO YBEIHINT 00BEMBI TIPO-
M3BOJICTBA CENBCKOXO3SIHCTBEHHOM NMPOAYKIMHU. booTa B HacTosiee BpeMs SIBISIOTCS BEChbMa BOCTPe0O-
BaHHBIMHU CEJIbCKOXO3SHCTBEHHBIME TEPPUTOPHSAMH M3-3a CYIIECTBYIONICH MPOOIEMbI HEXBATKH MAXOTHBIX
3eMellb, a TAKKe SPO3UU M CHIKEHUS TUIOJOPOAMS TT0YB, HaOIIOJAIOIIIXCSl Ha BO3BBILIEHHOCTSX. beHoe
HaceNleHNe BEIHY)KIEHO HCIIONB30BaTh MaprHHANBHBIC 3€MIIM, HE OCTABIATH 3eMJIH TI0J] TAPOM, BBI3bIBAS
obJieceHe OCYIIEHHBIX TePPUTOpHiA. Bee 3To co3aaer upe3MepHylo Harpy3Ky Ha 9KOCHCTEMY U IIPUBOAUT
K JlerpaJlallii 1I04YB, COKpAIeHHI0 OMOPa3HOOOpa3usl U UCTOLICHUIO PEeCYypcoB. MecTHbIE hepMepbl
He 00J1agatoT HeOOXOJMMBIMU 3HAHUSIMU M TEXHOJOTHSIMH, MTO3BOJITIOIIIMHI UM 0€30IacHO HCIOIb30BaTh
9T TEPPUTOpUH. Pe3ynbTaThl JaHHOTIO HUCCIIEIOBAHUS IIOKA3bIBAIOT, YTO HACEJIIEHHE UCCIIEAOBAaHHOTO
paiioHa B 3HAUUTEIIHLHON CTETICHH 3aBHCHUT OT OOJOTHBIX YTOIMH, UCTIONB3YS UX JJIsI IONYYIEHUS TUTHEBON
W TIOJIMBHOW BOBI, CTPOUTENHHBIX MAaTEPHaJIOB, TUIETEHBIX M3JENMA 1 KOPMOBBIX pacTeHui. bompmmHcTBO
(hepMepoB UMEIOT YacTh 3eMJIH, PACTIONIOKECHHO Ha BOAHO-00JOTHBIX yrofbsix. OCHOBHbIE KYJIbTYPBI,
BBIpaIllMBacMbIe B HACTOSIIEE BpeMsi, — 0000BbIE U KITyOHEHOCHBIE KYJIETYPBI, & TAKKE PHC. BOIbIIMHCTBO
(bepmepoB coOMparoT ypoxkail Ha 00JoTax M B CyXOH Ce30H, U B Ce30H Joxkeil. bonora obecrnieunBarot 78%
(hepmepoB cpenHuM poxoaom ot 0 10 30 10511. 32 yYacTOK/CE30H, YTO, YUUTHIBAsk MOTPEOHOCTH MECTHOTO
HaCeJICHHsI, SIBISIETCS OUCHb HU3KUM. Pe3ysIbTaThl HCCIIeIOBAHUS MIPUBENH aBTOPOB K BBIBOLLY, YTO Ha ITHX
6ostorax npeobnananu pacrenust Cyperus papyrus. OcylieHne 00JIOT CTajlo MPUYMHON BBICHIXaHUS POJI-
HHKOB, THOEN MHOTHX BHIOB JKMBOTHBIX 1 pacTeHHli: Ooree 13 yieT Ha3aj ucyesny nepBoHadanbHas dopa
u (ayHa 60JI0T.

KinioueBble ci10Ba: ocnecTBye, SKCILTyaTarus, 60J0To, pacTHTENbHOCTD, (ayHa, ypokaid, J10X0pl,
bypynau, Kasnza
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Abstract. Regional social and economic development is characterized by presence of wide imbalances
in structure of industry specialization, which are largely due to spatial development of individual territories.
As part of a statistical study of agro-industrial complex development in regions of Russia, uneven agricultural
development of certain territories, their involvement, as well as degree of participation in single national
economic complex of the country are reflected. At the level of statistical significance, two of the region’s
most important in terms of accumulated agro-industrial potential are identified — Krasnodar Territory and
Rostov Region. Based on the account of a wide range of socio-economic indicators, the subjects of
the Russian Federation were ranked by integral indicator of development of agricultural sector and
by urbanization level. The regions dominating for certain types of agricultural indicators were identified
and their general dynamics over a long period of statistical observations were reflected. In the process
of the research, a general conclusion is made step by step about development opportunities of agro-industrial
complex in the regions in strategy for sustainable development of rural territories not only at the territorial
level, but, more significantly, at the federal and local levels. In order to develop rural territories, among
other things, it is necessary to create imperative social conditions that will preserve existing national
economic potential and ensure fulfillment of not only production, but also demographic, cultural, historical
and laborfunction in the village.
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AHHOTauus. PernonanbHoe colManbHO-?)KOHOMUYECKOE Pa3BUTHE XapaKTEePU3yeTCsl HATUUUEM
HIMPOKUX AUCOAIAHCOB B CTPYKTYpE OTPacieBOl crenuanu3alyy, KOTOpble BO MHOTOM 00YCJIOBIICHBI
0COOEHHOCTSAMH NPOCTPAHCTBEHHOI'O PAa3BUTHS OTAENBHBIX TeppUTOpUil. B paMkax IpoBeJEeHHOTo cTa-
TUCTUYECKOT0 HUccienoBanus pasButus AlIK no pernonam Poccuu oTpaskeHa HEpaBHOMEPHOCTD arpo-
IPOMBIIIIEHHOI'O Pa3BUTUS OTJCIIBHBIX TEPPUTOPUM, UX BOBICUEHHOCTD, a TAK)XKE CTEICHb Y4acTUs
B €IMHOM HapOAHOXO3SIHCTBEHHOM KOMIUIEKCE CTpaHbl. Ha ypoBHE CTaTHCTUUECKOH 3HAUMMOCTH BBIIEICHbI
JiBa HarOoJiee BXKHBIX 110 YPOBHIO HAKOILUIEHHOTO arpOIpPOMBIIIIEHHOrO MOTeHIMala peruona — KpacHo-
Japckuii kpail u PoctoBckast obsacts. Ha ocHOBE ydeTa IIMPOKOTo Kpyra COLMaIbHO-9KOHOMUYECKUX
UHJMKaTOPOB NPOBEACHO paHXUpoBaHue CyObekToB PD 1o unTerpansHoMy nokaszarento pazsurus AIIK
U 10 cTeneHy ypOaHu3aimy. 1ebio NpoBOIMMOr0 HCCIEI0OBAHUS SBISUIOCH OIPEASICHUE JOMUHUPYIOIIUX
PETHUOHOB 110 UHTErPalbHOMY NoKa3aTeno pa3BuTusa AIIK Ha ocHOBE UCCIIEOBAHUS CTATUCTUYECKOM
JIUHAMUKH 0 OTJEJIbHBIM BHUIAM CEIILCKOXO3SHCTBEHHBIX MOKa3aTenell 3a MpOoOKUTENIbHBIA IepUuos
HaOoAeHUH. Pe3ynbTaToM MPOBEIECHHOTO UCCIIEN0BaHUS cTalo (GOpMHUPOBAHUE PEUTHHIOBON OLIEHKH
cyObekToB PD 10 MHTErpUpOBAaHHOMY IIOKA3aTENI0 arpolIpOMBIIUIEHHOTO pa3sBUTUsL. B npouecce uccieno-
BaHUs TO3TAIHO IIPOU3BOJUTCS OOLIMI BBIBOA O HEOOXOJUMOCTH yueTa Bo3MOxHOCTer pasButus AIIK
PETHOHOB B CTPATETUM YCTOMYMBOIO PA3BUTHS CENILCKUX TEPPUTOPUN HE TOJIBKO Ha TEPPUTOPUAIBEHOM
YPOBHE, HO, 4TO Oojee 3HaUUMO, Ha (heliepaibHOM U MECTHOM. B Lemsix pa3sBUTHS CENbCKUX TEPPUTOPUI
HOMUMO IIPOYEro HeoOX0AUMO (POPMUPOBAHNE UMIIEPATUBHBIX COLUATIBHBIX YCIOBUH, KOTOPBIE MO3BOJIAT
COXPaHUTh UMEIOLINICS HAPOAHOXO3SMCTBEHHBIM MOTEHIMAT U 00ecieuaT BBIIOIHEHHUE Ha Celie He TOIBKO
MIPOM3BOJICTBEHHON (PYHKIIHH, HO U JeMOTpadUIeCKOi, KyJIbTYPHO-UCTOPUIECKOM, TPYIOBOIA.

KitoueBble ¢j10Ba: peruoHaNbHAsE 3KOHOMUKA, CEJILCKOE XO35HCTBO, IIPOJJOBOJILCTBEHHBII KOMILIEKC,
IIPOJIOBOJILCTBEHHAs O€30MIaCHOCTh CTPaHbI, arpOIPOMBIIUIEHHOE IPOU3BOJCTBO, PEITUHIOBAs OLICHKA,
MHOTOMEPHBIE CTATUCTHYECKUE CONOCTABIICHUS, TAKCOHOMETPUUECKUIA METOI, arpOIPUPOIHBIN OTEHIUATL,
KOMIUIEKCHOE Pa3BUTHE CENILCKUX TEPPUTOPHUI
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3asiBjIeHNe 00 OTCYTCTBHM KOH(JIMKTA HHTepecoB. MbI, aBTOPHI JaHHON CTaThbH, CO BCEH OTBETCT-
BEHHOCTBIO 3aSsIBIIEM O YAaCTHYHOM M ITOJTHOM OTCYTCTBUH (PaKTHUECKOTO WM MOTEHIIHAIBHOTO KOH-
(hyTMKTa MHTEPECOB ¢ KaKoi OBl TO HU OBUIO TPEThel CTOPOHOMH, KOTOPBII MOKET BO3HUKHYTH BCIE/-
CTBHE NMyOJMKaLUU JaHHOM cTaThu. HacTosiiee 3asBiieHUEe OTHOCHTCS K IIPOBEICHUIO HAyYHOM
paboThl, cOopy 1 00pabOTKEe MaHHBIX, HAMMUCAHUIO U MOATOTOBKE CTATHU, MPUHITHIO PEIICHUS
0 MyOIMKalUK PYKOIHCH.

BuaaronapHocTu. ABTOPHI BBIPaXAIOT OJarogapHOCTh 3a IMOMOIIb B OPTaHU3AIMN HCCIICAOBAHUS
4IIeHy HayqHOTO coBeTa PAH 10 KOMIIIIEKCHBIM TIpo0iieMaM eBpa3UiiCKOi SKOHOMHIYECKOM HHTErpa-
1M, MOJIEPHU3ALMH, KOHKYPEHTOCIIOCOOHOCTH U YCTOWYMBOMY Pa3BUTHIO, JOKTOPY SKOHOMHUYECKHX
Hayk, podeccopy Muxawmny [letporuuy Byposy.
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Introduction

The agro-industrial complex in modern Russia is the most important socio-economic
resource of the country, importance of which is growing in conditions of increasing role
of natural factors in the system of sustainable development of civilization.

The trajectory of rural development is characterized by extreme unevenness. Even
taking into account the achieved growth indicators of agricultural production after
2008—2009 crisis we can state a significant lag in quality and standard of living of rural
population compared to urban one. There is a widening gap in innovation [1], investment,
informational component of social development [2]. The degradation of cultural and
social infrastructure is observed [3—5]. These and other unfavorable factors lead to
an unsatisfactory structure of agricultural production funds. The negative impact of mi-
gration processes, expressed in the negative migration balance for rural areas, is becom-
ing increasingly apparent [6—8]. There is an irrevocable loss of labor results in de-
veloping vast and prosperous in the past territories, and agro-industrial potential that
has taken place in the past is being vanished [9—11].

Insufficient development of agricultural production in Russia hinders implementa-
tion of one of the most important reforms in post-Soviet Russia — land, which began
three decades ago, which provides for replacement of collective farms and state farms
as agricultural producers by hundreds of thousands of farmers and peasants owning their
own land. Privatization of agricultural land and provision of it to those who want and
can cultivate it seemed an obvious necessity [12].

Currently, in relation to agricultural land plots, the tasks still remain paramount:

ensuring stability of land legislation and unity of the land policy pursued at the ter-
ritorial level [13, 14];

developing effective information and analytical tools for accounting and monitoring
the state of the land fund in the country in the context of constituent entities of the Rus-
sian Federation, digital transformation and digitalization of land market [15];
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improving quality and expansion of the services provided by public authorities,
ensuring information availability of land market indicators for all interested partici-
pants [16];

completion of the process of creating the Unified State Register of Real Estate,
a multiple increase in the data contained in it both spatially and temporally, and increase
their reliability [17];

realization of the rights of owners of land shares (units), expanding possibilities
of their use in civil circulation;

improving the mechanism of land acquisition through involvement in land pro-
duction of agricultural land from agricultural land in case of their non-use, improper
use or misuse;

creating a unified methodological approach for all subjects of permissible state
interference in private property for the speediest resolution of the accumulated contra-
dictions of market institution of land acquisition for state and municipal needs [18];

development of security measures for access to land plots of federal, regional and
municipal significance, as well as administrative reduction in number of cases of land
plots without bidding [19];

accelerating the development of the institution of lease and redemption of land [20];

legislative support of providing land for specific agricultural production purposes:
poultry, deer, pig, feed, grain, vegetable, potato, wine, industrial gardening and others [21];

accounting, monitoring, protection of valuable and productive agricultural lands [22];

application of advanced scientific developments and technological advances aimed
at improving soil fertility [23].

The purpose of the study was to determine the dominant regions by integrated
indicator of development of agro-industrial complex based on study of statistical dy-
namics for certain types of agricultural indicators over a long observation period.

Materials and methods

A preliminary assessment of the effects of pursuing a policy of sustainable growth
at the federal and regional levels was obtained by constructing histograms and diagrams
(Figs. 1—=6). Tibco's STATISTICA program was widely used as a software tool for
processing initial information on the Russian market. For the purposes of the current
study, the official version of STATISTICA 13.3 Academic EN was used. The officially
published data of the Federal State Statistics Service [24] were the statistical base
of the study.

To compare regions by a significant range of statistical indicators, taxonometric
method can be successfully used. The Russian school of regional studies successfully
applied it to solve the most important national economic issues of planning and managing
territorial production complexes [13].

A descriptive analysis of statistical characteristics, which can be obtained by con-
structing various kinds of diagrams and calculating elementary mathematical quantities
(for example, average values, deviations from average values), has well-known limita-
tions and is mainly focused on formation of a priori judgments about the phenomenon
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under study. For the purposes of conducting in-depth socio-economic studies, methods
of multivariate statistical comparisons are quite popular both in Russia and abroad [25].
One of the successful examples of the use of multivariate analysis in the agricultural
production management system is the use of cluster analysis. These methods are also
relevant for conducting interregional comparisons, rating, and also for calculating
accumulated potential of individual territorial units using a set of interrelated indi-
cators [26—29].

Modern automation procedures for multidimensional statistical calculations allow
compactly presenting large volumes of published agricultural data that characterize
the regions of Russia. The theoretical basis of stages of cluster analysis, as well as
possibility of using modern software products for statistical data processing, is widely
discussed in specialized literature, therefore, the authors publish only the results of
the study.

Results and discussion

During the analyzed period, significant changes occurred in the structure of sown
areas of agricultural structures (Fig. 1). In connection with the increase in Far East
strategic importance in structure of economic and food security of the Russian Federation
in the east of the country, the increase in agricultural land amounted to more than 70%.
Moderate growth rates of 10...15% are characteristic for the territories of the Central
Black Earth Region, the North Caucasus and the south of Russia. The area of agricultural
land used in Central Siberia remained virtually unchanged. The significant retirement
of agricultural land in the Northwestis of concern. Such negative changes are associated
with low efficiency of the agro-industrial complex under adverse climatic influences.
In this regard, it should also be added that the lands of the Northwestern Federal District
account for less than 2% of the cultivated area of Russia.

The economy of sustainable growth requires intensification of all production factors
[30, 31], including to increase crop yields. The latter is impossible without increasing
fertilizer application (Fig. 2). As more than 70% of the Russian Federation territory is
located in the North [32] and is associated with risk farming, yield growth is possible
in two ways: artificial improvement of land quality and development of greenhouse
system. At the same time, in the second direction, the Russian school of regional studies
offers practical developments that can bring the productivity of the northern territories
of Russia to the European level. For example, under the guidance of Chemodin Yu.A.
(Candidate of Technical Science, associate professor, Department of Economic Theory
and Management, State University of Land Management) a practical model “Year-round,
guaranteed, risk-free provision of country's population with agricultural products by
combining greenhouse complexes with alternative low-cost sources of energy, heat (co-
generation) and cold (trigeneration)” was developed'.

' In October 2017, a useful development was awarded the medal of the Golden Autumn Russian
agro-industrial exhibition, and a corresponding application for registration of an invention was sub-
mitted to Rospatentin December 2017. In April 2018, the department team was awarded a silver
medalin the competition “The Best Innovative Project of ArhimedSalon” by the International Jury
at the XXI Moscow International Salon of Inventions and Innovative Technologies “Arhimed 2018”.
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In the regional context, changes in the area of agricultural land at the level of —-0.3%
over 12 years throughout the country should be recognized as insignificant. Chelyabinsk
and Volgograd regions are characterized by the greatest growth. Increase in construction
pace and changing types of permitted land use resulted in significant reduction in agri-
cultural land occurred in the Moscow Region (Fig. 3).

Emissions in the form of points on the graphs used indicate extreme values. In fig. 3,
the Moscow and Murmansk regions with the maximum retirement of agricultural land
in the amount of —6.6 and —5.5%, respectively, were among the extreme values (emis-
sions). The maximum increase in the share of agricultural land in the total land fund
of the region occurred in the Yamalo-Nenets Autonomous Okrug in the amount of
+11.5%. 6 regions can be distinguished with a negative increase in agricultural land,
the Republic of Kalmykia is only one subject of the Russian Federation with a positive
increase (1%). Values for the remaining 73 regions are in the range from —0.5 to —2.0%
with a median of —0.3%.

Obviously, share of agricultural land retirement from circulation over the past ten-
plus years in the vast majority of Russian regions is very small. Perhaps, an analysis
of agricultural land by category or land by regions of the Russian Federation will help
to interpret reasons for low profitability of this economical sector.

In absolute terms, the largest increase of agricultural land was recorded in the Vol-
gograd region and the Republic of Kalmykia. The Moscow region, Altai region, Kemerovo
region and the Khanty-Mansiysk Autonomous Okrug — Yugra are leaders in agricultural
land reduction at the regional level (Fig. 4).

According to the Ministry of Agriculture of the Russian Federation, threshold
values of food safety indicators provided for by the Food Safety Doctrine for grain,
vegetable oil, sugar, meat and fish were met in 2018. The threshold indicators for milk
and milk products, potatoes were not reached.
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Currently, agricultural development is characterized by steady growth in agricultural
exports, with growth faster than most other economical sectors. In 2018, growth in ex-
ports of food products and agricultural raw materials compared to the previous year
amounted to 19%, reaching $ 25.7 billion. The main growth was due to an increase
in wheat exports by 39.5% (by $ 3.0 billion), in which Russia ranks first in the world.
The target growth rate for agricultural exports is up to $ 45 billion by 2024.

The major work in agricultural production is carried out by residents of the country-
side. It is important to ensure a comfortable standard of living in the village that meets
modern requirements, attract young specialists to the countryside with possibility of con-
tinuous improvement of their skills, create conditions for recreation and leisure (sports,
walking with children in landscaped areas and recreation areas, improving living condi-
tions). Equally important is preservation of historical and cultural monuments, restoration
of natural landscapes, solution of issues related to civilized collection of household
waste and its disposal.

The dynamics of sown areas for the analyzed period may be characterized as weak.
The Tyumen region, the Ryazan region, the Rostov region, the Yamalo-Nenets Autono-
mous District, the Republic of Buryatia, the Republic of Bashkortostan, the Kursk Region
and the Republic of Sakha-Yakutia demonstrate success in agricultural production

(Fig. 5).
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plant 1 - acreage of agricultural crops;
plant 2 - acreage of cereals and legumes;
plant 3 - sugar beet acreage;

plant 4 - acreage of sunflower;

plant 5 - acreage of flax;

plant 6 - acreage of potatoes;

plant 7 - vegetable acreage.

Fig. 5. Dynamics of cultivated areas in 2005—2017

MANAGEMENT AND DEVELOPMENT OF AGRO-INDUSTRIAL COMPLEX 527



Hsanoe H.U. u op. Bectnuk PYJIH. Cepusi: Arponomus u skuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 520—558

o 50 3
(V]
£ *
u45.
£ *
?
@ 40|
o
(&)
£ 35}
o
Qo +
> 30 +
25 | -
*
20 *
15
10
Q ¥ #*
* 0
F =
0.&’%’@‘%’ 2 LML e
® & O = 6N O =T v o ~ oo o o
£ E © » ¥ ¥ ¥ ¥ ¥ ¥ = = S
5§ & E® E© ® ® ¥® E® E E® E E £
& o &8 &8 8 &8 &8 &8 & &8 & &8 8
2 2 2 2 O 2 N 2 2 nn =

plant 8 - gross grain harvest;

plant 9 - yield of cereals and legumes;

plant 10 - gross sugar beet harvest;

plant 11 - the yield of sugar beet;

plant 12 - gross harvest of sunflower seeds;
plant 13 - the sunflower yield;

plant 14 - gross flax fiber harvest;

plant 15 - productivity of flax;

plant 16 - the gross harvest of potatoes;
plant 17 - potato yield;

plant 18 - gross harvest of vegetables;

plant 19 - vegetable yield;

plant 20 - gross harvest of fruits and berries.

Fig. 6. Dynamics of crop yield in 2005—2017

The results presented on the graphs very clearly reflect not only dynamics of turn-
over of agricultural land throughout the country, but also efficient use of available land
resources. Some regions have made significant progress in the development of agricul-
tural production for the period from 2005 to 2017. The Volgograd region increased gross
harvest of sugar beets by more than 45 times, the Kurgan region and the Omsk regions
increased the gross harvest of flax fiber by more than 20 times, the Chechen Republic
increased the gross harvest of sunflower seeds by a record 50 times (Fig. 6).

Oryol region increased sunflower growing area for the analyzed period from
0.1 thousand hectares in 2005 to 74.8 thousand hectares in 2017, therefore, the indicator
was excluded for display on the graph. The region showed amazing dynamics in this
indicator. Factors that testify to involvement of agricultural land in agro-industrial cir-
culation allow us to speak about positive shifts in the processes of formation of trajectory
of sustained sustainable development at the regional level.
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Modernization of engineering infrastructure is necessary to ensure a modern
standard of living and remain important for rural areas: construction and repair of roads,
gas pipelines, water pipelines, and telecommunication networks. According to the Federal
State Statistics Service for 2018, less than 40% of rural settlements are provided with
central water supply, 35% of villages do not have an asphalt road, gasification rates for
houses (apartments) with network gas are uneven across the country and averaged 60.3%.

In accordance with the Government’s decree, from January 1, 2018, the imple-
mentation of the federal target program “Sustainable Development of Rural Areas for
2014—2017 and Until 2020 was terminated ahead of schedule. The program is inte-
grated into the State Agro-Industrial Complex Program as a separate subprogram
“Sustainable Development of Rural Areas”. For the implementation of the subprogram
in 2018, 17.1 billion rubles were allocated. from the federal budget, 12.5 billion rubles —
from regional and local budgets, 5.0 billion rubles — from extra budgetary sources.
Implementation of the subprogramme contributed to improving living conditions
of citizens in rural areas.

Resource support for program activities does not provide pace of development
of housing, social and engineering infrastructure of the village, network of roads neces-
sary for implementation of serious qualitative changes in conditions of rural population.

The draft state program for integrated development of rural areas provides for a pre-
ferential mortgage of up to 3% per annum for purchase or construction of a house, as
well as possibility of using a consumer loan for home improvement and for purchase
of equipment for energy supply, water supply, sewage, heating. Russian credit organiza-
tions will be reimbursed for lost income in the amount of the Central Bank's key rate.

As part of direction to promote rural employment, compensation is provided for
costs to agricultural producers who sent employees for additional training, support is
provided for future specialists with targeted training and students undergoing practical
training, as well as soft loans for creation and connection of facilities to engineering and
transport infrastructure. The target indicator of rural employment should be 80%, and
unemployment should be 5.7%.

The project provides for improvement of rural areas — 42 thousand projects
(landscaped recreation areas, playgrounds and sports grounds, well-lit streets, sidewalks
and bus stops).

Development of engineering and transport infrastructure is also one of the priorities
of state policy and basis for improving rural life. The program provides for completion
of construction and commissioning of gas pipelines, water pipelines, telecommunication
networks, road networks (leading to socially significant objects of rural settlements,
objects of production and processing of agricultural products), as well as a comprehen-
sive arrangement of sites for compact housing in 2021.

To achieve these goals, the government plans to coordinate the state program
with national projects and the country's Spatial Development Strategy.

According to the results of the study by the Ministry of Agriculture, more than 6 tril-
lion rubles are needed to solve the priority tasks of rural territories:

2.1 trillion rubles — development of engineering infrastructure;

2 trillion rubles — improving the quality of road infrastructure;
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900 billion rubles — improvement of housing conditions;

950 billion rubles — development of education, increasing accessibility of cultural
facilities, expanding access to sports facilities, developing a healthcare system.

A number of targets are planned in the draft State Program, including increasing
well-being of rural population in terms of the ratio of the average monthly disposable
resources of rural and urban households to 80% (currently 68%); improvement of
the housing stock of the rural population in terms of the proportion of residential premises
provided with all types of utilities to the level of 50% (currently 32.5%); maintaining
the share of the rural population in the total population of Russia (currently about 35%).

As a result of intensification of urbanization processes throughout the regions,
the area of agricultural land is decreasing. A separate role in this process is played
by cities of federal significance: Moscow, St. Petersburg and Sevastopol. For example,
in connection with administrative transformations in Moscow, the area of agricultural
land changed from 2.1 thousand hectares in 2012 to 48.9 thousand hectares in 2017.

The main descriptive statistics on the land fund of the regions are given in table 1.
Cities of federal significance as Moscow, St. Petersburg and Sevastopol were previously
excluded, therefore, number of observations was 82, and they were disclosed in 7 vari-
ables.

Table 1
Land distribution of regional economic systems by categories
Index Legend for a land category
| 1] I} v \Y Vi Vil
Mean 4679.7 242.0 211.4 573.5 13735.6 342.1 1094.0
Median value 2347.4 216.6 74.7 80.4 2014.5 69.0 145.7
Standard deviation 7219.9 159.3 561.5 1755.0 34784.0 979.0 4094.1
Amount 383738.3 | 19844.6 17337.1 | 47032.8 [ 1126320.3 | 28054.8 | 89708.4
Minimum value 150.9 12.4 6.7 0 0 0 0.3
Maximum value 39 760.5 738.4 4918.2 [ 12225.3 252 820.3 7814.3 | 30310.2
Lower quartile 1450.3 111.4 46.2 11.4 457.6 12.2 30.8
Upper quartile 4529.2 361.8 196.6 370.6 10 257.8 2171 601.6
Note. | — agricultural land; Il — lands of settlements; Ill — lands for industry and other purposes; IV — lands
of specially protected territories and objects; V — lands of the forest fund; VI — lands of the water fund; VIl — land

reserve.

Most regions have arable land fund formed in the 20th century, designed to ensure
food security of the population. The largest share of land left for a while without culti-
vation in order to restore their fertility is in the Republic of Mari El (17%), Pskov and
Bryansk regions (12 and 8%, respectively). The largest land areas occupied by perennial
plantings are located in cities of federal significance, as well as in the Murmansk and
Moscow regions. The strongest differentiation is observed in relation to fodder land
distribution, so in the Nenets Autonomous Okrug their share is 99% of the total agri-
cultural land. In the diagram below, the block boundaries take 25...75% of values for
all the regions (Fig. 7).

In the structure of agricultural land (Fig. 8), the largest share is occupied by arable
land, they make up half of all farmland. The third part of the land is occupied by fodder
plantings. The share of lands occupied by perennial plantations and deposits in the struc-
ture of agricultural lands is insignificant.
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Fig. 9. Graph of average values of land area in a regional context

According to the total area of land occupied by arable land and fodder land, among
the regions we can distinguish the Transbaikal region, the Republic of Kalmykia,
the Orenburg region and the Altai region (Fig. 9).

For forming a grouping of regions according to degree of agro-industrial potential,
three indicators were taken into account — area of agricultural land, forest fund land and
reserve land. The grouping of regions by other variables did not pass the test for statistical
significance of considered variables in the cluster analysis.

Interpretation of Fig. 9 is given in table 2. The regions included in the first and
second clusters have the largest land resources for further intensification of agricultural
development. The area of agricultural land can be increased due to a significant share
of forest land.

Thus, the constituent entities of the Russian Federation are initially specific for
available land and property potential. The administrative management of the regional
system is based on land management for sustainable socio-economic development.

In order to identify uniformity of agro-industrial development, a taxonometric model
of agro-industrial potential of the regions was constructed by summarizing 22 statistical
indicators (Table 3) published by Rosstat in a regional context.

The taxonometric development indicator is so-called synthetic indicator, which
equally characterizes variables under consideration for the entire set of territorial units,
which allows linear ordering of variables included in the analysis and ranking of objects
of observation with arithmetic procedures.
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Table 2
Subjects of the Russian Federation with significant land resources
for further agricultural development
Number_in decreasing orqer of Regions X976 X980 X982
place in the overall ranking
Regions with significant land resources
1 Krasnoyarsk region 39.8 155.6 30.3
2 Republic of Sakha (Yakutia) 19.4 252.8 21.4
Regions with average Russian indicators of land provision
1 Komi Republic 1.9 36.0 0.6
2 Transbaikal region 8.0 31.9 1.2
3 Kamchatka Krai 0.2 44.2 0.7
4 Magadan region 0.3 44.6 0.3
5 Amurskaya region 3.5 30.6 0.8
6 Khanty-Mansiysk Autonomous Okrug — Ugra 0.6 48.7 2.0
7 Tomsk region 2.0 28.6 0.5
8 Republic of Buryatia 2.8 26.9 0.6
9 Arkhangelsk region 2.3 271 3.9
10 Yamal-Nenets Autonomous Okrug 30.5 31.7 5.0
11 Irkutsk region 2.9 69.3 0.5
12 Khabarovsk region 0.4 73.7 1.4
13 Chukotka Autonomous Okrug 39.4 27.6 4.2
Regions not adequately provided with land for agro-industrial development
14—82 | All other subjects of the Russian Federation
Table 3
The system of used statistical indicators
Ne Index
X1 Agricultural production in farms of all categories (in actual prices), min. roubles
X2 Indices of agricultural production in farms of all categories (in comparable prices; as a percentage
of the previous year), %
X3 Indices of crop production in farms of all categories (in comparable prices; as a percentage
of the previous year), %
X4 Livestock production indices in farms of all categories (in comparable prices; as a percentage
of the previous year), %
X5 Balanced financial result (profit minus loss) of crop production organizations according to financial
statements, min. roubles
X6 Balanced financial result (profit minus loss) of livestock organizations according to financial statements,
min. roubles
X7 Profitability of sold goods (works, services), crop production, %
X8 Profitability of sold goods (works, services), livestock products, %
X9 | Yield of grain and leguminous crops in weight after refinement in farms of all categories (centners
from one hectare of harvested area), ¢
X10 | Potato yield on farms of all categories; centners from one hectare of cleaned area, ¢
X11 | Vegetable productivity on farms of all categories; centners from one hectare of cleaned area, ¢
X12 | Application of mineral fertilizers per 1 ha of sowing crops in agricultural organizations (in terms
of 100% of nutrients), kg
X13 | Application of organic fertilizers per 1 ha of sowing crops in agricultural organizations, t
X14 | Number of cattle in farms of all categories at the end of the year, thousand heads
X15 | Number of pigs in farms of all categories at the end of the year, thousand heads
X16 | Number of sheep and goats in farms of all categories at the end of the year, thousand heads
X17 | Cattle and poultry production for slaughter (in slaughter weight) in farms of all categories, thousand tons
X18 | Milk production in farms of all categories, thousand tons
X19 | Egg production on farms of all categories, million units
X20 | Wool production in farms of all categories (in physical weight), t
X21 | Honey production in farms of all categories, t
X22 | Feed consumption per one conditional head of cattle in agricultural organizations (centners

of feed units), ¢
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The study was carried out in the following stages:

1. Collection of statistical indicators and bringing them to a comparable form.

2. After preliminary preparation of the initial data, a matrix of regional indicators
was formed and standardization was carried out.

3. The procedure for standardization of variables is accompanied by an inevitable
loss of information, therefore, to increase the influence of some variables and reduce
the influence of others, coefficients of hierarchy of variables were introduced.

4. The variables were differentiated into positive and negative to calculate indi-
vidual deviations from the reference for each parameter being evaluated. A similar sepa-
ration was based on determining the point P, with coordinates

2015 2025 +++> Z0n (D

for z,, = max, z,,,
tively influencing and negatively influencing (negative) variables; z,, is the standardized
value of the attribute s for unit 7.
5. Determination of the distance c,, as the distance between the individual values
of variables and values of P, which are the reference by the formula
1

Cio = [z:=1(zis _ZOS)2 :|5 (l = 17 (] W) (2)

ifscl, zy,=min,z,,ifszl(s=1,..,n), where [ is the set of posi-

r rsd

6. The distances c;, thus obtained are the basis for calculating the indicator of
the level of development of the region d; , defined as

4 =20, 3)

1

where ¢, =¢, +285,, ¢, =lZYV_1ciO, So ={lzw_1(cio_zo)2}2 .
w = w ==

The final indicator d: serves as an integral characteristic of the regions according

to the totality of the considered indicators and is characterized by a value tending to zero.
7. The reverse value is considered more informative, showing the closer the in-
dicator to unity, the higher the level of socio-economic development of the region.

d =1-10 )
o

Using the integral indicator obtained by the taxonometric method, it is possible
to evaluate the achievement by an individual region at a particular point in time of the
average value of the indicators in question. For the purposes of reliability of the analysis,
cities of federal significance were excluded, the number of regions participating in the ana-
lysis was 82 (Table 4).

At the last stage, a matrix of standardized variables, adjusted for the coefficient
of hierarchy, was calculated. The result of the analysis was the construction of a ranking
of regions by the level of development of agricultural production.

The results of rating building can be compactly displayed on a histogram by deter-
mining the number of intervals (groups) using the Sturges formula (Fig. 10).
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Fig. 10. Distribution of regions according to the integrated index
of agro-industrial development

The ranking of regions by relatively stable groups visually shows a significant gap
between the Krasnodar Territory and the Rostov Region by the integral index, deter-
mining their dominant position in the agricultural specialization of the regions (Table 4).
Due to the fact that the groups were selected at regular intervals, the second group was
not present in the final rating, and none of the regions considered fell into the range
of values.

Table 4
Distribution of Russian regions by index of agro-industrial development
Group place Cross-cutting number Name of the subject Rating Index
in the overall ranking of the Russian Federation
1 group
1 | 1 | Krasnodar region [ 0.9833
3 group
1 | 2 | Rostov region | 09161
4 group
1 3 Republic of Tatarstan 0.8849
2 4 Belgorod region 0.8831
3 5 Stavropol region 0.8691
4 6 Voronezh region 0.8666
5 group
1 7 Republic of Bashkortostan 0.8428
2 8 Altai region 0.8378
3 9 Saratov region 0.8345
4 10 Volgograd region 0.8277
6 group
1 11 Kursk region 0.8193
2 12 Chelyabinsk region 0.8131
3 13 Tambov region 0.8099
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Continue of Table 4
Group place Cross-cutting number Name of the subject Rating Index
in the overall ranking of the Russian Federation
4 14 Orenburg region 0.8086
5 15 The Republic of Dagestan 0.8064
6 16 Lipetsk region 0.8040
7 17 Moscow region 0.8007
8 18 Samara region 0.7972
9 19 Krasnoyarsk region 0.7964
10 20 Leningrad region 0.7958
7 group
1 21 Omsk region 0.7936
2 22 Novosibirsk region 0.7901
3 23 Penza region 0.7879
4 24 Bryansk region 0.7858
5 25 Nizhny Novgorod region 0.7807
6 26 Sverdlovsk region 0.7805
7 27 Oryol region 0.7785
8 28 Tyumen region 0.7783
9 29 Udmurtian Republic 0.7775
10 30 Republic of Crimea 0.7758
11 31 Irkutsk region 0.7746
12 32 Tula region 0.7719
13 33 Republic of Mordovia 0.7703
14 34 Kemerovo region 0.7693
15 35 Amursk region 0.7664
16 36 Ryazan region 0.7662
8 group
1 37 Perm region 0.7619
2 38 Kabardino-Balkarian Republic 0.7603
3 39 Kurgan region 0.7602
4 40 Chuvash Republic 0.7601
5 41 Mari El Republic 0.7600
6 42 Primorsky Krai 0.7594
7 43 Ulyanovsk region 0.7583
8 44 Astrakhan region 0.7577
9 45 Kirov region 0.7573
10 46 Kaluga region 0.7566
11 47 Vladimir region 0.7554
12 48 Tver region 0.7544
13 49 Yaroslavl region 0.7541
14 50 Karachay-Cherkess Republic 0.7527
15 51 Kaliningrad region 0.7520
16 52 Vologodsk region 0.7518
17 53 Novgorod region 0.7515
18 54 Pskov region 0.7513
19 55 Tomsk region 0.7510
20 56 Republic of Kalmykia 0.7479
21 57 Republic of Ossetia — Alania 0.7476
22 58 Smolensk region 0.7475
23 59 Republic of Sakha (Yakutia) 0.7468
24 60 Khabarovsk region 0.7462
25 61 Kostroma region 0.7457
26 62 Transbaikal region 0.7456
27 63 Republic of Adygea 0.7456
28 64 Chechen Republic 0.7455
29 65 Ivanovo region 0.7431
30 66 Republic of Buryatia 0.7429
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End of Table 4
Group place Cross-cutting number Name of the subject Rating Index
in the overall ranking of the Russian Federation
31 67 Republic of Khakassia 0.7421
32 68 Arkhangelsk region 0.7399
33 69 Altai Republic 0.7398
34 70 Sakhalin region 0.7395
35 71 Komi Republic 0.7388
36 72 Kamchatka Krai 0.7374
37 73 Republic of Ingushetia 0.7371
38 74 Khanty-Mansiysk Autonomous Okrug — Ugra 0.7371
39 75 Jewish Autonomous region 0.7359
40 76 Tyva Republic 0.7356
41 77 Republic of Karelia 0.7350
42 78 Magadan Region 0.7332
43 79 Murmansk region 0.7326
44 80 Yamal-Nenets Autonomous Okrug 0.7326
45 81 Nenets Autonomous Okrug 0.7321
46 82 Chukotka Autonomous Okrug 0.7317

Conclusions

The research confirmed uneven agro-industrial potential of the regions in the Rus-
sian Federation. The most developed in this regard can be recognized as the southern
regions, the least developed are the northern ones, which is quite logical and logical,
given that more than 70% of the country's territory is located in the North.

Achieving the goals set for agricultural sector will contribute to a serious im-
provement in quality of countryside life.

As level of agricultural development in most of Russia is low, the following
measures are required: comprehensive diversification of regional economic systems,
support and development of farm types of production, traditional types of crafts, elimi-
nation of administrative restrictions on implementation of products produced in rural
areas, creation of affordable conditions for financial equalization transformations, in-
formation support of labor activity, infrastructural support of agribusiness processes,
increasing interest and economic literacy of the population.

BBepeHune

ATpOnpOMBIIUIEHHBIM KOMIUIEKC B COBPEMEHHBIX POCCHHUCKUX YCIIOBHSIX SIBIISETCS
BaXHEHIIIMM COLIMAIBHO-9KOHOMHUYECKUM PECYPCOM CTpaHbl, 3HAUYEHHE KOTOPOTO BCE
BO3PACTAET B YCIOBHAX YCUJICHUSI POJIM NPUPOAHBIX (PaKTOPOB B CUCTEME YCTOHIHUBOTO
pa3BUTHS LUBUIU3ALHH.

TpaekTopust pa3BUTHS CEIILCKUX TEPPUTOPHI XapaKTEpU3yeTCsl KpailHeW HEpaBHO-
MEPHOCTBI0. Jlaxke ¢ y4eTOM JOCTUTHYTBIX MOKa3aTeslel pOCTa arpOlpOMBIIUIEHHOTO
pou3BojicTBa mocie Kpu3nucHbIX 2008—2009 rr. MOKHO KOHCTATUPOBATh 3HAYUTEILHOE
OTCTaBaHHME KAauecTBa M YPOBHS >KU3HU CEJIbCKOTO HacesleHus oT ropockoro. IIponcxo-
JIUT yBEINYEHUE pa3pblBa B MHHOBAIIMOHHOM [1], MHBECTULIMOHHON, HH()OPMAIIIOHHOM
cocTaBJIsIOLIeH o01ecTBeHHOro pa3Butus [2]. Habmonaercsa nerpaganust KyJibTypHOM
U COLMANIbHOM MHMPAcTpyKTYypsl [3—S5]. OTu 1 Apyrue HeOaaronpusTHele GaKTOpbI
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MPUBOJAT K HEYIOBJIECTBOPUTEIHHON CTPYKTYpe (POHIOB arporpOMBIIUIEHHOTO MTPOU3-
BOJICTBa. Bce Oosiee 3HaUUTENBHO MPOSBIISETCS HETraTUBHOE BIIMSIHUE MHUTPALIMOHHBIX
MPOLIECCOB, BEIPA)KEHHOE B OTPUIATEIIBHOM MUTPALIMOHHOM CaJIbJI0 JJISl CEJIbCKUX Tep-
purtopuii [6—38]. [Ipoucxoaut 6e3Bo3BpaTHAs yTpaTa pe3ysbTaTOB TPyAa OCBOCHUS
OOIIMPHBIX U B TIPOIIUIOM OJIArOMONyYHBIX TEPPUTOPHIA, BEIMBIBACTCS UMEBIIUNA MECTO
B MIPOIIIJIOM arponpOMBIIIICHHBINH moTeHman [9—I11].

Henocrarounoe pa3Butie arpapHOro npou3BOACTBa B coBpeMeHHoi Poccuu ciep-
KMBAeT IPOBEJIEHNE OAHOW M3 BakHEHIIMX pedopM B mocTtcoBeTckoil Poccun —
3€MeJIbHOM, HauaBIIEHCs elle TPU JECATUIICTHS Ha3a/l, [IpelyCMaTpUBAIOLICH 3aMeHy
KOJIXO30B U COBX030B B KQUECTBE CEJIbCKOXO03IMCTBEHHBIX TOBAPONPOU3BOAUTENEH
Ha COTHM ThICSY (PEpMEpPOB U CaAMOCTOSATEIbHO BJIAJICIOLIUX COOCTBEHHOM 3emiei
KpecThbsiH. [IpuBaTn3aus cenbCKOX03IUCTBEHHBIX 3€MENb M MPEIOCTABICHUE UX TEM,
KTO XOYET U MOXKET X 00pabaThIBaTh, Ka3ajaach OYEBHIHON HEOOXOAMMOCTHIO [12].

B HacTosiiee BpeMsi B OTHOIIICHUH 36MEJIbHBIX YYaCTKOB CEIbCKOXO35ICTBEHHOTO
Ha3HAYCHMS MIEPBOCTEIICHHBIMU BCE €IIIE TPOIOJDKAIOT OCTaBaThHCS 3a4a4u:

obecrieyeHns: CTaOMIBLHOCTH 3€MENIbHOTO 3aKOHOIATeNILCTBA M €MHCTBA MTPOBO-
JIIMMOH Ha TEPPUTOPUATILHOM YPOBHE 3eMeJIbHOM monuTuku [13, 14];

pazpabotku 3P PeKTUBHBIX HHPOPMAITIOHHO-aHATTMTHYECKUX CPEJICTB y4eTa U KOHT-
POJIS 32 COCTOSIHUEM 3eMENBbHOTO (POHIA B CTpaHe B pa3pese cyOobekToB Poccuiickoit
®enepaunn, nuppoBoit TpaHchopMaIy U IU(HPOBU3ALUH 3eMETBHOTO phIHKA [15];

TOBBIIIICHUS KAUeCTBA U PACHIMPEHHUS KOMIUIEKCA OKa3bIBAEMBIX OpraHaMH ToCy-
JTAPCTBEHHOM BJIACTH YCIyT, oOecTieyeHust THPOPMALTMOHHOHN JTOCTYITHOCTHU TOKa3aTesei
3€MEJIHOIO PhIHKA JUISl BCEX 3aMHTEPECOBAHHBIX €r0 YYaCTHHUKOB [16];

3aBepILIeHHs Tpoliecca co3aanusi EqMHOro rocy1apcTBEHHOTO peecTpa HEeIBUKU-
MOCTH, MHOTOKPATHOTO YBEJIMUYEHUS COACPIKAIIUXCA B HEM JIaHHBIX KaK B MPOCTPAH-
CTBEHHOM, TaK ¥ BO BDEMEHHOM acIleKTe, MOBBILIEHHUS UX TOCTOBEPHOCTH [17];

peanm3aiyu rmpaB COOCTBEHHUKOB 3eMENbHBIX JI0JIeH (I1aeB), pacIMPEeHs] BO3ZMOXK-
HOCTEH MX MCTOJIb30BAHUS B TPAXKIAHCKOM 000pOTE;

COBEpIICHCTBOBAHUS MEXAaHU3Ma U3BATHS 3€MIIM YE€pPE3 BOBJICUEHHE B arpapHOE
IIPOM3BOJICTBO 3E€MEJIBHBIX YYACTKOB M3 3€MEJb CEIbCKOXO03SICTBEHHOIO Ha3HAYEHUS
IpU MX HEUCIOJIb30BaHUHU, HEHAJJIEXKAIIEM HMCIOIb30BAaHUM WU HCIOJIb30BAHHUH
HE 10 Ha3HAYCHHUIO;

CO3JIaHMS €UHOTO IS BCEX CYOBEKTOB METOI0JIOTHUECKOTO TOAX0/a JAOIMYCTH-
MOT0 rOCYapCTBEHHOTO BMEIIATENLCTBA B YaCTHYIO COOCTBEHHOCTD ISl CKOPEHIIEro
pa3peleHns: HaKOIUIEHHBIX MPOTUBOPEUNI PHIHOYHOTO MHCTUTYTA U3BATHUS 3€MEIIbHBIX
YYaCTKOB JJISI TOCYJJAPCTBEHHBIX U MYHHUITUTAIBHBIX HY X/ [18];

pa3paboTKu 00ecTeYnTEeNbHBIX MEp I IOCTYIA K 3eMeIbHBIM ydacTkaMm ¢eze-
PaAILHOTO, PETMOHAIFHOTO ¥ MyHHIIMTIAJIBHOTO 3HAYEHHUS], & TAKKE a/IMUHUCTPATUBHOTO
COKpAIIIEHUs YKCTIa CITy4aeB NPeAOCTaBICHHS 3eMENIbHBIX Y9acTKOB 6e3 Topros [19];

YCKOPEHUS Pa3BUTHSI HHCTUTYTA apeH]Ibl U BBIKYIA 3eMEIbHBIX y4acTKoB [20];

3aKOHOZIATENBHOr0 OOecIeueHusl Ipolecca MpeloCTaBIeHHs 3eMeJIbHbIX YYacTKOB
JUISL OTZEJIBHBIX LENEH arponpOMBIIIEHHOTO POU3BOJICTBA: NTULIEBOJICTBA, OJIEHEBO/I-
CTBa, CBUHOBOJICTBA, MIPOM3BOJICTBA KOPMOB, 3€PHOBOI'0 X035HCTBA, OBOIIEBOCTBA,
KapTodeneBoICTBa, BUHOAEHS, IPOMBIIIJICHHOT'O CaJI0BOICTBA U Apyrux [21];
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y4deTa, MOHUTOPUHIA, OXPaHbl HEHHBIX M NPOIYKTHUBHBIX CEIbCKOX03HCTBEHHBIX
3emenb [22];

NPUMEHEHHUS MEPEIOBbIX HAYYHBIX pa3palOTOK U JOCTHKEHUN TEXHUKH, HAIlPaB-
JIEHHBIX Ha MOBBIIIEHUE TIOAOPOAUs TOYB [23].

Leab ucciienoBanusi — OnpeeseHne JOMUHUPYIOIIMX PETMOHOB [0 MHTErpajib-
HoMy Tiokazaremo pa3uTusi AIIK Ha ocHOBe ucclieioBaHHs CTAaTUCTUUECKON TUHAMUKU
[0 OTJENbHBIM BHJIaM CEJIbCKOXO35AUCTBEHHBIX MOKA3aTeNeH 3a MpOAOKUTEIbHbII
nepuo.1 HabJIIOICHUH.

MaTtepuansl u meTOAbI

[IpenBaputenbHas oneHka 3(p(eKkToB OT MPOBENEHHs MOJIUTHUKH YCTOWYUBOTO
pocTa Ha ¢eiepaIbHOM U PEerHOHAILHOM YPOBHSX MOJTyd€Ha ITyTeM IMOCTPOEHHUS THC-
TOrpaMM M JuarpamMm pasmaxa (puc. 1—6). B kauecTtBe nporpaMMHOro CpeacTsa I
00pabOTKH UCXOJHON MH(DOPMAIIMK IIUPOKYIO MOIMYJIIPHOCTh HA POCCUICKOM PhIHKE
noxyuwmia nporpamma STATISTICA xomnanuu Tibco. Jlns neneii TekyIiero uccieno-
BaHUs ObL1a ucnosb3oBaHa opuimansHas Bepcus STATISTICA 13.3 Academic EN.
B kauecTBe cTaTMCTHUECKOM 6a3bl MPOBOJMMOIO MUCCIEA0OBAHHS BHICTYNAIN O(HUILIHATIBHO
ny6nukyemble JaHHble DesepanabHOI rocy1apCTBEHHOM CITy>KObI CTAaTUCTUKH [24].

Jli1s conocTaBiaeHns: pETHOHOB 110 3HAYUTEIIBHOMY KPYT'y CTATUCTHYECKHX MOKa-
3aTesiel MOYKHO YCIEHIHO MCIIOIb30BaTh TAKCOHOMETpUUecKuii meto. OTeuecTBeHHas
IIKOJIa PETMOHAIBHBIX UCCIIEN0BaHUIN YCIIEITHO MIPUMEHSIIA €ro I PEIeHUs BaXKHEH-
HIMX HAPOJIHOXO3AUCTBEHHBIX BOIIPOCOB IUIAHUPOBAHMS U YIIPABJICHUSI TEPPUTOPUATIBHO-
MIPOU3BOJICTBEHHBIMU KOMIUTeKcamu [13].

OnucaTenbHbIN aHAJIN3 CTATUCTUYECKUX XapaKTEPUCTUK, KOTOPBIH MOXET OBbITh
MOJIy4Y€eH € MOMOILIBbI0 OCTPOCHUS PA3JIMYHOTO POJa AUArpaMM U BBIUUCIICHUS dJe-
MEHTapHBIX MAaTEMAaTUYECKUX BEJIUYUH (HaIlpUMep, CPETHETO 3HAUCHUS, OTKJIOHEHHUS
OT CPEJHEro 3Ha4EeHHUs1), UMEET U3BECTHBIE OTPAHUYEHUSI U OPUEHTHPOBAH OObIIeH
9acThi0 Ha (POPMUPOBAHUE ANIPUOPHBIX CYKJIEHUI 00 n3yyaeMoM siBiaeHuu. [l neneit
MPOBEIEHUs YTIyOJSHHBIX COLHMAIbHO-9KOHOMUUECKUX UCCIEI0BaHUN TOCTaTOYHO
nomyisgpaMu kak B Poccun, Tak 1 3a pyOexoM, SIBJISIFOTCS METOJIbl MHOTOMEPHBIX CTa-
TUCTUYECKUX comocTaBieHuil [25]. OnHuM U3 yAauyHbIX TPUMEPOB UCTIOJIL30BAHUSI MHO-
TOMEPHOTO aHaJIN3a B CUCTEME YIIPaBJICHUS arpONpPOMBIIIIEHHBIM IPOU3BOACTBOM
aBTOPBI BUAAT MCIOJIb30BAHUE KJIACTEPHOTO aHAIU3a. AKTyalbHBIMU 3TH METObI
ABIIAIOTCA U ISl TIPOBEACHUST MEXKPETHMOHAIIBHBIX CONOCTABIEHUH, PEUTUHIOBAaHNUS,
a TaKk)Ke pacyeTa HAKOIUICHHOTO MOTEHIHANa OTAENIbHBIX TePPUTOPHATIBHBIX €INHHIL
10 KOMIUJIEKCY B3aMMOCBSI3aHHBIX MMOKa3ateieit [26—29].

CoBpeMeHHbIE POILETYpbl AaBTOMATU3AIM MHOTOMEPHBIX CTaTUCTUYECKUX BBI-
YUCJICHUH TTO3BOJISIOT KOMIIAKTHO MPEJICTABUTh OOJIBILIME MAaCCHUBBI ITyOIMKYEMbIX CEllb-
CKOXO3SIICTBEHHBIX JIaHHBIX, KOTOPBIMH XapaKTepu3yroTcst pernonsl Poccun. Teopetu-
4ecKas OCHOBA 3TAIlOB KJIACTEPHOI'O aHAJIN3a, KaK XU BO3MOXKHOCTb IPUMEHEHUS IS
CTAaTUCTUUYECKOW 00pabOTKU JJAHHBIX COBPEMEHHBIX MPOrPaMMHBIX MPOYKTOB, IIUPOKO
OCBSIILIAETCS B CIIELUAIBHOM IUTEpaType, IOATOMY aBTOpaMH IIyOIHMKYIOTCS TOJIBKO
pe3yJIbTaThl IPOBEIEHHOI0 UCCIIEJOBAHUS.
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Pe3ynbTaTtbl M 06CYXOeHune

3a aHanu3MpyeMbI MEepUol B CTPYKTYpPE MOCEBHBIX IJIOMIAAEH CEIbCKOXO3SHUCT-
BEHHBIX CTPYKTYp MPOU3OILIN 3HaYUTEIbHbIE H3MeHeHUs (puc. 1). B cBsi3u ¢ yBenuue-
HUEM cTpaTernueckoi 3HauuMocT [JansHero BocToka B CTpyKType 3KOHOMHUYECKOM
U TIPOJOBOJIBLCTBEHHOM Oe3omacHocTu Poccuiickoit denepaiiii Ha BOCTOKE CTPAHBI
YBEJIMYEHHE TUIOMIAIN CETbCKOXO3SMCTBEHHBIX 3eMelb cocTaBuio 6omee 70%. Ymepen-
HBIMM TemIiaMu pocta B pazmepe 10—15% xapaxrepusyrorcs reppuropun LlenTpans-
Horo YepHoszembs, CeBeproro Kapkaza u tora Poccuu. [IpakTiuuecku 6e3 uaMeHEHUs
OCTAJIUCh TUIOIIA/IA UCTIOIB3YEMBIX CEJIbCKOXO3IMCTBEHHBIX 3€MENIb HA TEPPUTOPUH
HenTpansHoii Cubupu. Bei3piBaeT 03a004€HHOCTh 3HAYUTEIHHOE BBIOBITHE CEIHCKO-
X035iCTBeHHBIX 3eMelb Ha CeBepo-3amnaje. Takue HeraTUBHbIE U3MEHEHUS CBSA3AHBI
¢ HU3KOU 3((EKTUBHOCTb arpoNpOMBIIIJIEHHOIO KOMIUIEKCA B YCIIOBUSX HEOIaromnpu-
ATHBIX KJIMMAaTHYECKUX BO3JEHCTBUI. B 3Toil cBs3M cienyer Takxe 100aBUTh, YTO
3emuin CeBepo-3amnagnoro QgenepaibHOro OKpyra cOCTaBisitoT MeHee 2% MOCEBHBIX
wiomazaei Poccun.

DKOHOMHKA YCTOWYHMBOTO pocTa TpeOyeT NHTEHCU(UKAIIMH BeeX (PaKTOPOB MPo-
u3Boactea [30, 31], HanmpaBiIEHHOW B T.4Y. Ha MOBBILIEHUE YPOXKANHOCTH CEIBLCKOXO-
3s1CTBEHHBIX KynbTyp. IlocnenHee HeBO3MOXKHO 6€3 yBelInYeHUsI 00BbEMOB BHECEHUS
MUHEpaJIbHBIX ynoOpenwuii (puc. 2). Heobxonumo noMuuts, uyto 6omnee 70% teppu-
topun P® pacnonoxeno B 30He CeBepa [32] U CBSI3aHO C PUCKOBBIM 3€MIIE/IETUEM,
HO3TOMY HPHUPOCT YPOXKAHHOCTH BO3MOXKEH JIBYMsI ITyTSIMU: MCKYCCTBEHHOE YJTydIlIeHHE
KayecTBa 3eMeJb U Pa3BUTHE CHCTEMBI TEIUIMYHBIX X034KicTB. [Ipu 3TOM 1O BTOpOMY
HAIPaBJICHUIO OTEUYECTBEHHON IIKOJION PErMOHAIBHBIX UCCIEIOBaHUM MpeIaratoTcst
MPaKTUIECKUE Pa3pabOTKH, CIIOCOOHBIE BHIBECTH YPOKAUHOCTh CEBEPHBIX TEPPUTOPHIA
Poccun Ha esponelickuii ypoeHb. Hanpumep, noa pykoBoACTBOM KaH[. TEXH. HayK,
nonenta FO.A. YemonuHa Ha kadenpe SKOHOMHUUECKON TEOPHH U MEHEKMeHTa [ ocy-
JAPCTBEHHOT'O YHUBEPCUTETA TI0 3eMJICYCTPOICTBY pa3paboTaHa MpakTUIECKasi MOJIEIIb
«Kpyranoronn4yHoe, rapaHTUpOBaHHOE, O€3pUCKOBOE OOecIeueHe HacelIeHUs CTpaH
HPOIYKIMEN CEIbCKOro X03HCTBA IIyTEM COBMELICHNUS TEIIMYHBIX KOMIUIEKCOB C allb-
TEpHATUBHBIMHU JICIIEBBIMU UCTOYHUKAMH SHEPIHH, TeIlIa (KoreHepanus) 1 xonosa (Tpu-
FeHepaL[I/ISI)»Z.

B pernonanbHOM pa3pese U3MEHEHMs IUIOLIAIN CEIbCKOX03MCTBEHHBIX 3EMEIlb
Ha ypoBHe —0,3% 3a 12 ner B MacmTabax Bcel CTpaHbl cieqyeT NpU3HATh HE3HAYu-
TenbHBIMH. Hanbonpimmm npupoctoM xapakrepusyrotes Yensionnckas 1 Bonrorpaackas
obnacty. B cBsI3U ¢ yBelTMUEHHEM TEMIIOB CTPOUTENBCTBA U MPOLIECCOB U3MEHEHUS TH-
II0B Pa3peUICHHOr0 UCIOJIb30BaHUs 3€MENb TPOU30IIIO 3HAYUTEIBHOE COKpPALICHUE
CEJIbCKOXO03SIICTBEHHBIX 3eMellb B MOCKOBCKO# o6mactu (puc. 3).

2 B okrsa0pe 2017 r. mone3Has pa3paboTka Obliia OTMEUCHA MeIaibio POCCHIICKOI arpomnpoMBbIIii-
JICHHOM BBICTaBKH «30JI0Tasi OCEHb», B Aekadpe 2017 r. mpeacTaBiicHa COOTBETCTBYIOIIAS 3asBKa
Ha peructpauuio u3obperenus B Pocriarent. B anpene 2018 r. MexaynapoasbM sxtopu Ha XXI Moc-
KOBCKOM MEXIyHapOJTHOM CajlOHEe M300peTeHNI 1 MHHOBAIMOHHBIX TEXHOIOTHH ,,ApxmmMen 2018
B KOHKypce «JIydIiii HHHOBAIIMOHHBIH MpoeKT CalloHa ,,ApXuMe[ » KOJUICKTHUB Ka(eIphl HarpakaeH
cepeOpsHON MeAabio.
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Puc. 2. Temnbl pocTta MnHeparnbHbix yaobpeHuii (B nepecyeTte Ha 100%
nuTaTenbHbIX BewecTs) 3a nepuog 2005—2017 rr.
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Puc. 3. JuHamuka n3ameHeHust NnoLaam CenbCKOX035MCTBEHHbIX 3eMESb
3a nepuop, 2005—2017 rr. B OTHOCUTENIbHOM BblpaXeHnn
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Br16poch! B BUie TOYEK Ha MCIONIb3yEeMbIX rpaukax 0TMEUAIOT IKCTpEMabHbIE
3HaueHus. Ha puc. 3 B 4uCIO SKCTpeMasbHBIX 3HaUYCHUH (BHIOPOCOB) BOLLTH MOCKOB-
ckast 1 MypMaHcKast 00JIaCTH ¢ MAaKCHMAJIbHBIM BBIOBITHEM CEIbCKOXO03SHCTBEHHBIX
3eMenb U3 000poTa B pazmepe —6,6 u —5,5% cooTBeTCTBEHHO. MaKCHUMabHBIN MPUPOCT
TIOJTN CETbCKOXO3SIMCTBEHHBIX 3€MEJb B OOIIEM 3eMeIbHOM (DOHJIE PErHoHa MPOM30ILIEN
B SImano-Heneuxom AO B pazmepe +11,5%. C oTpuniatesibHbIM MIPUPOCTOM IUIOLIAAH
CeNbCKOXO3SIIICTBEHHBIX 3€MEJIb MOYKHO BBIIECIUTH 6 PETHOHOB, C MOJOKUTEIbHBIM,
B pasmepe 1%, — Tonbko oauH cyObekT PO — PecnyOmuky Kanmbikus. 3HaueHust
[0 OCTaBIIMMCS 73 perrMoHaM pacmpejienieHbl B auanazone ot —0,5 mo —2,0% ¢ me-
muanon —0,3%.

O4eBUIHO, YTO J0JISI BHIOBITHS CEIbCKOXO3SHCTBEHHBIX 3eMeJIb U3 000pOTa 32 TMo-
CIIeIHUE ACCATh C JIMIIHUM JIET B MOJAABIAIONIEM OOJILIIMHCTBE pernoHoB Poccun
BeChbMa He3HauMTelbHA. BO3MOXKHO, aHATN3 CETbCKOXO3SIMCTBEHHBIX 3€MEb 0 KaTe-
TOpUSIM WIH YTOABSM B pa3pese CyObeKToB PD MO3BOMUT HHTEPIPETUPOBATH TPUINHBI
HU3KOM peHTabeIbHOCTH 3TOM 0TpacIi SKOHOMHKH.

B aGconmtoTHOM BbIpaKeHHH HauOOJBIINI MPUPOCT CETBCKOXO3SIMCTBEHHBIX YTOTUIMA
otrmeueH B Bonrorpazckoit oonactu u Pecryomnrke Kanmpikus. [1o Temnam cokpatienust
CEJIbCKOXO3SHCTBEHHBIX YTOJMIA HA YPOBHE PETHOHOB JIMIUPYIOT MOCKOBCKasi 001acTh,
Anraiickuii kpail, KemepoBckast o6macts 1 XaHTbI-MaHCUHCKUI aBTOHOMHBINA OKpYT —
Orpa (puc. 4).

Ilo ganHBEIM MuHHCTEpCTBA ceNbeKoro Xo3siicTBa Poccutickoit ®enepanuu, B 2018 T.
MOPOTOBBIE 3HAYEHHSI TTOKa3aTeNeld MPOJOBOILCTBEHHON 0€30MacHOCTH, MPEAyCMOTPEH-
Hble JIOKTPHUHOM MPOAOBOJIBLCTBEHHON O€30MACHOCTH IO 3€pHY, PACTUTEILHOMY Maciy,
caxapy, Mscy U pblOe ObUTH BBITIOIHEHBI. He ObLIM JOCTUTHYTHI IOPOTOBBIE IMOKA3aTEIN
110 MOJIOKY ¥l MOJIOKOIIPOAYKTaM, KapTOQeITto.
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Puc. 4. [JnHamurka n3MeHeH1s nNaoLwaan CenbCKOX03SMCTBEHHbIX 3EMESb
3a nepunog 2005—2017 rr. B aBCONOTHOM BblpaXXeHnm
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B nHacrosiee BpeMsi pa3BUTHE CEIBCKOTO XO3SHUCTBA XapaKTEPU3YeTCsl yCTONYH-
BBIMH TEMITaMH POCTa 0OBEMOB SKCIIOPTA CEIILCKOX03IUCTBEHHOM MPOTYKIIMH, TIPH STOM
pocT ObicTpee OOJBIIMHCTBA APYTUX OTpacieit skoHomuku. B 2018 1. mpupocT sxcmnopra
MIPO/IOBOJILCTBEHHBIX TOBAPOB U CEILCKOXO3SIMCTBEHHOTO ChIPhS K MPEIBITYIIIEMY TOLY
coctaBui 19%, nocturnys 25,7 mupn nomi. CILIA. OcHOBHOHM pocT IPOU30LLIEN 33 CUET
yBEIUYEHHsI SKcropTa mimeHuisl Ha 39,5% (va 3,0 mapa nomn. CHIA), mo koTopoit
Poccus 3anumaer nepBoe Mecto B Mupe. LleneBoii mokaszarensb mpupocta 00beMOB
3KCIIOpTa arpapHoro cekropa — a0 45 mupa gosui. CHIA k 2024 1.

OcHoBHast paboTa B CeIbCKOXO35HCTBEHHOM MPOU3BOJICTBE BBIMOJIHAETCS JKUTE-
JSIMU CeJIbCKOM MECTHOCTH. BaskHbIM siBisieTcst obecrieueHne KoM(pOPTHOTO YPOBHS
YKU3HH Ha CeJIe COOTBETCTBYIOIIEMY COBPEMEHHBIM TPEOOBAHUSAM, TIPUBJICYCHHUE MOJIO-
JIbIX CIIEUUAIHNCTOB B CEIILCKYIO MECTHOCTb C BO3MOXKHOCTBIO IIOCTOSIHHOTO MOBBIIIEHUS
UX KBATH(UKALIUMK, CO3JaHUEe YCIOBHM JJISi OTIbIXA U JToCcyTa (3aHATHIA CIIOPTOM, TPO-
TYJIOK C IETbMHU Ha 0JIarOYCTPOCHHBIX IUIOIAAKAX U 30HaX OT/bIXA, YIYUIICHUE KU-
JUUIHBIX ycnoBuil). He MeHee BaKHO cOXpaHEHHE MCTOPUYECKUX U KYJIbTYPHBIX
NaMATHUKOB, BOCCTAHOBIICHHE TPHPOAHBIX JIaHAIA()TOB, PELIEHHE BOIIPOCOB, CBSI3aH-
HBIX C IMBUJIM30BAHHBIM COOPOM OBITOBBIX OTXOJIOB M UX YTHIIN3ALIUEH.

JliHaMMKa OCEBHBIX IUIOLIAAEH 3a aHAIU3UPYEMbII IEPUO MOKET XapaKTepH-
30BaThCs Kak ciadas. YCrnexu arporpoMbIIIIICHHOTO POU3BOJICTBA IEMOHCTPUPYIOT
Tromenckast o61acthb, Psi3anckas o6nactb, PoctoBckas obmacTs, SImano-Henenkuii
ABTOHOMHBIN OKpyT, PecriyOnuka Bypsartus, PecnyOsmka bamkoprocran, Kypckast 00-
nacth ¥ Pecrybnuka Caxa-Sxytus (puc. 5).
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plant1 plant2 plant3 plant4 plant5 plant6 plant7

plant 1 - acreage of agricultural crops;
plant 2 - acreage of cereals and legumes;
plant 3 - sugar beet acreage;

plant 4 - acreage of sunflower;

plant 5 - acreage of flax;

plant 6 - acreage of potatoes;

plant 7 - vegetable acreage.

Puc. 5. JuHamuka nocesHbix nnowaaen 2005—2017 rr.
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[IpencraBieHHble HAa rpaduKax pe3yJbTaThl BEChbMa HATJISAJHO OTOOpa)aroT
HE TOJIbKO IMHAMUKY 000pOTa CEIbCKOXO03sIMCTBEHHBIX 3eMelb B MacuITabe Bcel cTpa-
HBI, HO ¥ 3((PEKTUBHOCTH UCTIOJIb30BAHUS MMEIOIIMXCS 36MEJIbHBIX pecypcoB. OTienb-
HBIC PETHOHBI JIOOWJIUCH 3HAYUTEIBHBIX YCIIEXOB B PA3BUTUU arapHOTO MPOU3BOJICTBA
3a eprioa ¢ 2005 mo 2017 rr. Bonrorpazckas o0acTh yBeIu4mia BAIOBOM cOOp caxap-
HOM CBEKJIBbI B OoJiee ueM 45 pa3, Kypranckas o6nacts 1 OMckasi 001acTi yBETUIHITN
BaJIOBOI cOOp JIbHOBOJIOKHA B Oojiee ueM 20 pa3, UeueHckas peciyOianka yBeauduia
BaJIOBOM cOOp ceMsH MOJICOTHEUHUKa B pekopanbie 50 pa3 (puc. 6).
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plant 8 - gross grain harvest;

plant 9 - yield of cereals and legumes;

plant 10 - gross sugar beet harvest;

plant 11 - the yield of sugar beet;

plant 12 - gross harvest of sunflower seeds;
plant 13 - the sunflower yield;

plant 14 - gross flax fiber harvest;

plant 15 - productivity of flax;

plant 16 - the gross harvest of potatoes;
plant 17 - potato yield;

plant 18 - gross harvest of vegetables;

plant 19 - vegetable yield;

plant 20 - gross harvest of fruits and berries.

Puc. 6. JuHamuvka ypoxKanHOCTUN CEIbCKOXO3AMCTBEHHbIX KynbTyp 3a 2005—2017 rr.

OpoBckast 001aCTh YBEUUMIIA TIOCEBHBIE TUIOMIAN MTOICOIHEYHHIKA 33 aHATU3H-
pyemsiit iepuon ¢ 0,1 toic. ra B 2005 r. 1o 74,8 Thic. ra B 2017 1., 103TOMY IIOKa3aTelb
OBLT UCKITIOUEH I 0TOOpakeHHs Ha rpaduke pa3maxa. Pernon mpoaeMoHCTprupoBa
MOPa3UTEIIbHYIO TUHAMUKY IO JJaHHOMY TIOKa3areno. DakTopel, CBUIETEIbCTBYIOIINE
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O BOBJICUCHHUH CEIILCKOXO3SIMCTBEHHBIX 3€MeIIb B arpONPOMBIIUICHHBIH 000POT, MO3BO-
JISIFOT TOBOPUTH O TOJIOKUTEIBHBIX CABHraX B Mporeccax (OpMHUPOBAHUS TPACKTOPUHT
MOCTYMNATEILHOIO YCTOWYHUBOTO Pa3BUTHS HA PETHOHAIIBHOM YPOBHE.

BaxxHbIMM JU1s1 CeNBbCKUX TEPPUTOPUN OCTAIOTCSI BOIPOCH! MOJEPHHU3AIUN HHKE-
HEPHOU MH(PPACTPYKTYphl, HEOOXOJUMOMN Al 00eCIIeYeHUs] COBPEMEHHOTO YPOBHS
KHU3HU: CTPOUTENILCTBO U PEMOHT JJOPOT, I'a30MPOBOOB, BOJAOIPOBOOB, MO/IBEICHUE
TEJIEKOMMYHUKAIMOHHBIX ceTeil. [1o nanueiM Poccrara 3a 2018 1. neHTpansbHbIM BOJO-
cHabxeHneM obecrniedeHsl MeHee 40% CenbCKUX HACeIEeHHBIX MyHKTOB, Y 35% cen HeT
ac(arbTHPOBAHHOTO MOBE3/1, MOKA3ATENN Ta3u(PUKaAUKN TOMOB (KBapTHUP) CETEBBIM
ra3oM HEpaBHOMEPHBI 110 CTpaHe U B cpeHeM coctaBuiu 60,3%.

B cootBerctBuu ¢ nocranosnenreM I[IpasurensctBa ¢ 1 suBapst 2018 1. qocpoyHO
npeKkpaiieHa peanusamnus GpeaepaabHOl HeIeBOi MPorpaMMbl « Y CTOHUNBOE pa3BUTHE
cesnbekux Teppuropuid Ha 2014—2017 roast u Ha nepuox 1o 2020 roga». Ilporpamma
unrerpuposana B ['ociporpammy AIIK B kadecTBe OTAEIBHON MOAIPOrPaMMBI «Y CTOM-
YMBOE Pa3BUTHUE CEIbCKUX TeppuTopui». Ha peanuzaumio noanporpammsel B 2018 r.
Osb110 BeIENeHO 17,1 Mupa p. u3 denepanbHoro OromxeTa, 12,5 MiIpa p. U3 CpeIcTB
PErHOHAJIBHBIX U MECTHBIX OIOJKETOB, 5,0 MIPJ p. U3 BHEOIOKETHBIX UCTOYHUKOB.
Peanuzanus moanmporpaMMel ClIOCOOCTBOBAJIA YITyUIICHUIO YCIOBHMA )KU3HU TPa)IaH
B CEJIbCKOM MECTHOCTH.

PecypcHoe obOecnieuenne nmporpaMMHBIX MEPONPUATHH HE 00ECIEUNBAET TEMITbI
Pa3BUTHSI )KWIHIIHOW, COLMATBHON U MH)XEHEPHOH MH(PACTPYKTYpHI cella, CETH aBTO-
MOOMIIBHBIX JIOPOT, HEOOXOIUMBIX ISl OCYILIECTBIICHUS! CEPhE3HBIX KaUeCTBEHHBIX CIIBH-
TOB B YCJIOBUSIX XKHU3HEESATEILHOCTH CEJILCKOTO HACEICHHUS.

[IpoexT rocyjapcTBEHHOM MPOrpaMMbl 10 KOMIUIEKCHOMY Pa3BUTHIO CEIbCKHUX
TEPPUTOPUH MPETyCMATPUBAET JbIOTHYIO UIOTEKY 10 3% rOJOBBIX Ha MOKYNKY WX
CTPOUTEIILCTBO JIOMA, a TAK)Ke BO3MOXKHOCTB UCIIOJIB30BAHMS ITOTPEOUTEIILCKOIO KpeIuTa
Ha 0J1aroyCTpOMCTBO JIOMOB M Ha MpUoOpeTeHue o00pynOBaHUS sl YDHEProcHa0-
KEHUs, BOJAOCHAOKEHUS, KaHAIM3AalMH, OTOIJICHHUs. POCCUIICKMM KpeIuTHBIM Opra-
HM3aLMAM OyIyT BO3MEILATHCS HEAOMOIYYEHHBIE JOXObI B pa3Mepe KIIFOYEBOM CTaBKU
Ilentpobanka.

B pamkax HampaBiieHHs IO COAECHUCTBUIO 3aHSTOCTH CEJIbCKOTO HACEIEHUs Mpey-
CMOTpEHa KOMITEHCAIIUs 3aTPaT CeNbX03MPOU3BOUTENSIM, HAIPABUBIINX COTPYIHUKOB
Ha JIONOJIHUTENIbHOE 00yueHHe, IPeayCMOTPeHa O IepKKa Oy AyIIUX CIIEeUATUCTOB
IPH 1IeJIEBOM OOYYEHUHU U CTYACHTOB, MIPOXOSIINX MPOU3BOJCTBEHHYIO MPAKTHUKY,
a TaKoKe JBIOTHOE KPEAUTOBAHUE CO3JIAHUS U MOJKITIOYCHUS] 00BEKTOB K WHKEHEPHOU
U TpaHCTIOpTHOM MH(ppacTpykType. LleneBoii nokaszaTenb ypoBHsI 3aHATOCTH B CEIbCKON
MECTHOCTH JIOJDKEH cocTaBUTh 80%, a 6e3padotuiiel — 5,7%.

B nipoekTe mpemycMOTpeHo O6JaroyCTpoicTBO CENbCKUX TEPPUTOPHA — 42 THICTIH
MPOEKTOB (011ar0yCcTpOEHHBIE 30HbI OT/bIXA, IETCKHE M CIIOPTUBHBIE IUIOIIA/IKH, XOPOIIIO
OCBEIIEHHBIE YJIMIIbI, TPOTYyaphl U aBTOOYCHBIE OCTAHOBKH).

Pa3BuTHe MH)XEHEPHON M TPAHCHIOPTHOW MH(PACTPYKTYPBI TAKKE SIBISETCS OJJHOU
U3 MPUOPUTETHBIX 3334 TOCYIapCTBEHHON MOJIUTUKU U OCHOBOH JUIS YIyYIIEHUS
KHU3HU Ha cene. [Iporpammoii npeaycMOTpeHo 3aBepIllieHHe CTPOUTENbCTBA U BBOJ
B 3KcIuryatanuio B 2021 r. ra3ompoBoAoB, BOJONPOBOJIOB, MTOJIBEICHUE TEIEKOMMY-
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HUKALMOHHBIX CETEeH, CeTH aBTOMOOMIIBHBIX J0POr (BEAyLMX K OOLIECTBEHHO 3HAUYU-
MBIM OOBEKTaM CEJIbCKUX HACEJICHHBIX ITyHKTOB, 00BbEKTaM IPOU3BOJICTBA U MEPepadOTKU
CENTbCKOXO3SIMCTBEHHON MPOIYKIINH), & TAK)KE KOMILIEKCHOE 00yCTPOWCTBO IUIOMIAI0K
101 KOMIIAKTHYIO KWIMILHYIO 3aCTPOMKY.

Jlist NOCTHKEHMsI TIOCTABJICHHBIX 3a/1a4 IPAaBUTEIbCTBO IUIAHUPYET COIacoBaTh
rOCY/IapCTBEHHYIO IIPOrpaMMy C HallMOHAIBHBIMH IpoekTamu U CTparerueil npoctpas-
CTBEHHOI'O Pa3BUTHUS CTPAHBI.

CornacHo pe3ysibTaTaM HcciieloBaHusT MUHCenbXxo3a Ui pelleHusl IepBoodepea-
HBIX 33/1a4 CEIbCKUX TeppUTOpUil TpeOyercs Oonee 6 TpIH p.:

Ha pa3BUTHE MH)KEHEPHOU UHPpacTpyKTypsl 2,1 TpiH p.;

MOBBIIIICHUE KaueCTBa JI0POKHON HHPPACTPYKTYPHI 2 TPJH P.;

yiydlIeHHe KUIUITHBIX yenoBui 900 mupy p.;

pa3BuTHE 00pa30BaHus, MOBBIIEHUE JOCTYITHOCTH OOBEKTOB KYJIbTYpPbI, PacIlU-
pEeHHE JI0CTYyNa K CIOPTHUBHBIM OOBEKTaM, pa3BUTHE CHUCTEMBI 3PaBOOXPAHECHMS
950 mapxa p.

B npoekre I'ocriporpaMmsl 3alulaHUpPOBaH Psiji LENEBBIX [TOKA3aTeIeH, B TOM YUCIIE
MOBBIIIEHUE 0JIATOCOCTOSHUS HACEJIEHUSI CENbCKOM MECTHOCTH IO MOKA3aTEN0 COOTHO-
IIEHUS] CPETHEMECSIUHBIX PACIIOIaraéMbIX peCypcoB CEJIbCKOr0 U FOPOJICKOro JOMO-
xo3s1iicTB 110 80% (B HacTosee BpeMs 68%); MOBbILIEHHE OJIar0yCTPONCTBA KUIOT0
(oHIa CeNBCKOTo HACEIEHHS M0 TOKA3aTeNo 0K JKIIBIX MOMEIICHUH, 00eCTIeYeHHBIX
BCEMU BUJaMH KOMMYHAJIBHBIX ycayT 70 ypoBHs 50% (B HacTosimee Bpems 32,5%);
COXpPaHEHHUE JIOJIU CeJIbCKOTo HaceleHUs B o0IIel YncIeHHOCTH HaceneHus Poccun
(B HacTos1IEee BpeMs 0koJio 35%).

B pesynbraTe ycuiaeHus npoueccoB ypOaHM3aIlMK MOBCEMECTHO B PEeruoHax Ipo-
UCXOJMT COKpAIIEHUE IUIOIIAIN CEIbCKOX035IHCTBEHHBIX 3eMelb. OTAeNbHYIO POJIb
B 3TOM TIpOLIECCE UTPAOT Topoa (denepanbHoro 3HadeHus: Mocksa, Cankt-IletepOypr
u CeBactononb. Hanpumep, B CBS3M C aJJMUHUCTPATUBHBIMU NPe0oOpa30BaHUIMHU
B MOCKBE IIJIOIIAIb CETbCKOXO3IMCTBEHHBIX 3eMelTh n3MeHuIachk ¢ 2,1 Teic. ra B 2012 1.
1o 48,9 teic. ra B 2017 1.

OcHOBHbIE ONHUCaTEIbHbIE CTATUCTUKHU I10 3€MeJIbHOMY (POH/y PErMOHOB IIpHUBE-
nensl B Ta0n. 1. l'opona denepansHoro 3nauenust Mockasa, C.-IlerepOypr u CeBacro-
[0JIb PEABAPUTEIbHO OBLIM MCKIIIOYEHBI, IIOATOMY KOJIMYECTBO HaOroeHui — 82,
Y OHU PACKPBITHI 10 7 TIEPEMEHHBIM.

B OonbIIMHCTBE PErMOHOB € YUETOM KIIMMAaTHYECKHX 0COOCHHOCTEH mMeeTcs cop-
MHpOBaHHbIM B XX Beke (OH] MAXOTHBIX 3eMellb, IIPeIHA3HAUCHHBIHN 11 o0ecrieueHus!
MPOIOBOJILCTBEHHON 0€30TMaCHOCTH MPOXKHUBAIOIIETO HaceneHus. Hanbonpmmii ynennb-
HBIIl BEC 3eMeJlb, OCTaBJICHHBIX Ha BpeMs 0e3 00pabOTKH B LIEJISIX BOCCTAHOBICHUS HX
wiogopoausi — B Pecny6muke Mapuii D1 (17%), TlckoBckoii u bpsiHckoi o6mactsix
(12 u 8% cootBercTBeHHO). Hanbopmue miomnaay 3eMeib, 3aHAThie MHOTOJICTHUMH
HACaK/ICHUSIMHU, PACIIOJIOKEHBI B TOposiax (eepalbHOro 3HAUeHus, a Takke B MypMaH-
ckoii 1 MockoBckoit o0mactsax. Hanbonee cunbnaas auddepeHmanus Ha0aroaaeTcs
B OTHOILIEHUH paclpeesieHus] KOPMOBBIX YroJuii, Tak, B HeHellkoM aBTOHOMHOM OKpyTe
UX J10Jis1 cocTaBisieT 99% oT Beeil molany cenbCKOX03sHCTBEHHBIX 3eMelb. Ha npuse-
JICHHOU IMarpaMMe pa3maxa rpaHullbl OJIOKOB 0TOMBAIOT 25...75% 3HaueHmit 11 Beei
COBOKYITHOCTH PETUOHOB (puC. 7).
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Tabnvua 1
Pacnpe,qeneHue 3emMeJib peruoHasibHbIX 3KOHOMUYECKUX CUCTEM NO KaTeropuam
YcnoBHble OGOSHaHeHVIFI ANg Kateropumn semenb
MokasaTenb
[ [ Il \Y% Vv Vi Vil

Cpenriee 4679,7 242,0 211,4 573,5 13735,6 342,1 1094,0
3Ha4YeHune

MenuanHoe 2347,4 216,6 74,7 80,4 2014,5 69,0 145,7
3HadyeHune

Crarnaprroe 7219,9 159,3 561,5 | 1755,0 34784,0 979,0 4094,1
OTKJIOHEHNE

Cymma 383738,3 | 198446 | 17337,1 |47032,8 |1126320,3 |28054,8 | 89708,4
MurnmaneHoe 150,9 12,4 6.7 0 0 0 03
3HadyeHune

MakcumaneHoe | aq 760 5 7384 | 49182 |122253 | 252820,3 | 78143 | 30310,2
3Ha4YeHne

HuxHui 14503 111,4 46,2 11,4 457,6 12,2 30,8
KBapTWib

Bepxtuit 45292 361,8 196,6 370,6 10257,8 217,1 601,6
KBapTUJIb

lMpumevaHme. | — 3eMnn CeNbCKOXO3ANCTBEHHOIO Ha3dHa4vyeHus; [l — 3emMnum HaceneHHbIX NyHKTOB; Il — 3emnn

NPOMBbILLIEHHOCTU N MHOTrO HadHaueHust; IV — 3emnm 0co60 OXpaHSEMbIX TEPPUTOPUIA 1 0OBEKTOB; V — 3eMIM TIECHOMO
doHaa; VI — 3emnum BogHoro doHaa; VIl — 3emnm 3anaca.
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X972 - arable land;

X973 - deposit lands;
X974 - perennial plantings;
X975 - feeding grounds.

Puc. 7. PacnpegeneHne cenbCkOX03MCTBEHHbIX 3E€MESIb MO YETbIPEM KATEFOPUSM

B cTpykType celbCKOX035SHCTBEHHBIX 3eMelb (pHcC. 8) HAaUOOMBIINKA YACTbHBINA BeC
3aHUMAIOT NIAXOTHBIE 3EMJIU, OHH COCTABJIAIOT TIOJIOBUHY BCEX CENbXO3yroauil. Tperbs
4acTh 3€MJIM 3aHATa KOPMOBBIMM HaCaKACHUAMHU. /{0715 3eMenb 3aHATHBIX MHOTOJIET-
HUMH HaCa)XJCHUSMU U 3aJIeKb B CTPYKTYpPE CEIIbCKOXO3SIIICTBEHHBIX 3€MEJb HE3Ha-
YUTEIbHAs.
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Puc. 8. CooTHoLlEeHWE Niowaam nawHn 1 KOPMOBbIX Yroaui
KaK OCHOBHbIX KATEropuii CENbCKOXO3ANCTBEHHbIX 3EMETTb

Plot of Means for Each Cluster
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X976 - agricultural land; —e— Cluster 1
X980 - forest lands; -e— Cluster 2
H982 - stock lands. —— Cluster 3

Puc. 9. Npaduk cpeaHnx 3Ha4eHui noLaam 3eMerb B PervMoHasibHOM paspese

[To coBOKyIHOM IUIOMIAAHN 3€Meb, 3aHATHIX MAIIHEH U KOPMOBBIMHU YTIOAbSIMH,
CpeIu peruoHOB MOKHO BBIIENIUTH 3abaiikanbckuil kpail, Pecriyonuky Kanmbikuro,
OpeHOyprekyro 00s1acTh 1 ANTaiicKuii kpaii (puc. 9).
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Tabnnuya 2

Cy6bekTbl Poccuiickoit Pepgepauumn, obnapaowme 3Ha4MTeNnbHbIMU3eMelbHbIMU pecypcamm
ANg panbHelwero arponpoMbILLIIEHHOrO Pa3BuTUs

Howmep B nopsake
ybbiBaHUS MecTa Pernoxsl X976 X980 X982
B 00LEeM penTuHre
PernoHbl, o6ecrneyeHHble 3eMeNbHbIMU PEcypcammn
1 KpacHosipckuii kpar 39,8 155,6 30,3
2 Pecnybnuka Caxa (Akytus) 19,4 252,8 21,4
PernoHbl co cpeaHepoCCUNCKMMUN NoKasaTensiMm 06ecneyeHHOCT 3eMeNbHLIMY pecypcamMmm

1 Pecnybnuka Komu 1,9 36,0 0,6

2 3abaikanbckuii kpa 8,0 31,9 1,2

3 Kamuartckunin kpain 0,2 44,2 0,7

4 MarapgaHckasi obnactb 0,3 44,6 0,3

5 AMypckas obnacTb 3,5 30,6 0,8

6 XaHTbl-MaHcuiickmin aBTOHOMHBI okpyr — HOrpa 0,6 48,7 2,0

7 Tomckasa obnacTb 2,0 28,6 0,5

8 Pecnyb6nuka BypsaTtus 2,8 26,9 0,6

9 ApxaHrenbckas 06s1acTb 2,3 27,1 3,9

10 Amano-HeHeuknin aBTOHOMHBIN OKpyr 30,5 31,7 5,0

11 MpkyTckas o6n1acTb 2,9 69,3 0,5

12 XabapoBckuii kpai 0,4 73,7 1,4

13 YyKOTCKNIN aBTOHOMHBbIN OKPYT 39,4 27,6 4,2

PervoHbl, HeJOCTaTO4HO 06ECneyYeHHbIE 3EeMENbHbIMU pecypcamMun gna arponpoMbILLUIEHHOIro pa3BnTnUA

14—82 | Bce ocTanbHble cyobekTbl Poccuiickort @epepaummn

Jnst nieneit popMHUpOBaHUS TPYIITUPOBKU PETMOHOB O CTETICHU arpoIPOMBIIILICH-
HOT'0 MOTEHLMaIa ObIIM YUYTEHBI TPH IOKa3aTellsl — IJIOIA U 3eMellb CelbX03Ha3Ha-
YeHUs1, 3eMelIb JIECHOTO (OHMA U 3eMellb 3amaca. [ pynnupoBka peruoHOB 10 JPyTUM
MEPEMEHHBIM HE IMPOIILIa IPOBEPKY HA MPEIMET CTATUCTHYECKOM 3HAUMMOCTH YUTEHHBIX
NEPEMEHHBIX B KJIACTEPHOM aHaJIM3e.

WuTepnperanus puc. 9 npuseaeHa B tabis. 2. Peruonsl, BXoasye B NepBbIi
Y BO BTOPOM KJlacTep, 001a1at0T HauOOIbIIMMH 3eMENTbHBIMU PECYpCaMy ISl TalTbHEH-
n1eil ”HTeHCU(UKALUY arpOIpPOMBIIIIEHHOTO pa3BUTHA. [1omanp 3eMenb CelbCKo-
XO03SIICTBEHHOTO HAa3HAUY€HUS MOXET ObITh yBEJIMYEHA 3a CYET 3HAYUTENbHOM J0JIU
3eMeIb JIECHOTO (OH/a.

Takum 00pazoM, cyobekTsl PO m3HaYaIbHO criel(UYHBI 110 UMEIOILIEMYCS 3eMeITb-
HO-UMYIIIECTBEHHOMY MNOTEHIHANTy. AJIMUHUCTPATUBHOE YIpaBJIEHUE PErMOHAIBHON
CHUCTEMOM OCHOBAHO Ha YNPaBJICHUU 3eMEJIbHBIM (OHAOM IS 1ieJIed YCTOMUNBOIO
COLMATIbHO-3KOHOMHYECKOTO Pa3BUTHSIL.

B nensx BbIABICHUS PaBHOMEPHOCTH arpONpOMBIIUIEHHOTO Pa3BUTHsI IIOCTPOCHA
TaKCOHOMETpHUYECKasi MOJIEJb arpolPOMBIIIIEHHOTO [TOTEHIIHaIa PErHOHOB ITyTeM
0000mIeHNs 22 CTaTUCTUICCKHUX MOKa3aTenei (Tadu. 3), mybaukyembix PoccraTtom
B PErMOHAJIBLHOM pa3pese.
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Tabnmua 3
Cucrema Ucnosb3oBaHHbIX CTaTUCTUYECKNX NoKasaTenei

Ycn. Ne Moka3zaTenb

Mpoaykums CenbCKoro X03MCTBa B XO3AMCTBAaxX BCEX KaTeropuii (B dakTniyeckn AencTBOBaBLUMX

X1
LLeHax), MJIH p.

MHpekcbl Npon3BoacTBa NpoayKumMmM CENbCKOro X03MCTBA B XO3SMCTBAX BCEX KAaTEropuii

X2
(B CONOCTaBMMBIX LieHax; B MPOLLEHTaX K npeaplayemy roay), %
X3 MHpekcbl npon3BoacTBa Npoaykumm pacTeHMEBOACTBA B XO35ACTBAxX BCEX KATEropmi
(B CONOCTaBMMBIX LieHax; B MPOLLEHTaX K npeaplayemy roay), %
X4 MHaekcbl Npon3BoACTBa NPOAYKLMN XMBOTHOBOACTBA B XO351MCTBAX BCEX KATEropum
(B cOnocTaBMMBIX LieHaX; B NPOLEHTax K Npeablayemy rogy), %
X5 CanbampoBaHHbiii GUHAHCOBBIN pe3ysbTaT (NPUbbITb MUHYC YOLITOK) OpraHmM3aumii
pacTeHMeBOACTBA MO AaHHbIM OyXranTepckor OTYETHOCTU, MJTH P.
X6 CanbavpoBaHHbIi GUHAHCOBLIN pe3ynbTaT (MPrbbTL MUHYC YObITOK) OpraHn3aumi XXMBOTHOBOACTBA

No JaHHbIM 6yXFaJ'ITepCKOI7I OTYETHOCTWN, MJTH P.

X7 PeHTabensHOCTb NpoAaHHbIX TOBApPOB (paboT, ycnyr), NpoaykLmmM pacTeHNEBOACTBA, %

X8 PeHTabensHOCTb NpoAaHHbIX TOBApPOB (paboT, ycnyr), Npoaykumm XMBOTHOBOACTBA, %

ypO)KaVIHOCTb 3€PHOBbIX N 3epH060608bIX KyJNbTyp B BE€Ce nocne ,D,Opa6OTKI/I B XO35IMCTBAax BCEX

X9 ° o
KaTeropui (LEeHTHePOB C OOQHOro rekTapa ybpaHHoOW nnowaam), L

X10 YpoxanHoCTb kKapTodens B XO39MCTBaxX BCEX KATEropuii; LLIKHTHEPOB C OAHOMO rekTapa yopaHHowm
naowaan, L,

X11 YpoXanHOCTb OBOLLIEN B XO351AICTBaX BCEX KATEropuin; LLEHTHEPOB C OAHOr0 rekTapa yopaHHo
naowaan, L,

X12 BHeceHve MuHepanbHbix yaobpeHus Ha 1 ra noceBa CeNbCKOXO3ANCTBEHHbIX KYNbTYp
B CENbCKOXO3ANCTBEHHbIX OpraHn3aumsx (B nepecyete Ha 100% nutaTenbHbiX BELLECTB), KI

X13 BHeceHue opraHnyeckmnx yaoopeHuii Ha 1 ra noceBa CeslbCKOX035MCTBEHHbIX KYbTyp

B CENbCKOXO3ANCTBEHHbIX opraHnsauunax, T

X14 [MoronoBbe KPYNHOro poraToro ckoTa B XO35MCTBaxX BCEX KATEropui Ha KOHeL, roaa, TbIC. roJIoB

X15 | loronoBbe CBUHEN B XO3MCTBaX BCEX KATErOPUI Ha KOHEL, roaa, TbIC. rofIoB

X16 [MoronoBbe OBeL, 1 KO3 B XO3KIMCTBAxX BCEX KATErOPUIA HA KOHEL, roaa, ThbIC. rOJ10B

X17 | Mpon3BoaCcTBO CKOTA U MTULbI HA YOOI (B YOOMHOM BECE) B XO351ACTBaX BCEX KaTeropuii, TbiC. T

X18 | Npon3BoaACTBO MOMOKA B XO3SMCTBaX BCEX KATErOPUN, ThiC. T

X19 | MNpon3BOACTBO ANL, B XO3ANCTBAX BCEX KATEMOPUIA, MJTH LUT.

X20 | MNpon3BOACTBO LWEPCTU B XO3AMCTBAX BCEX KaTeropum (B pu3mnyeckom Bece), T

X21 Mpon3BoACTBO Mefa B XO3AMCTBAX BCEX KAaTeropui, T

Pacxon KOpMOB B pacyeTe Ha OfHY YCIOBHYIO FOJIOBY KPYMHOMO CKOTA B CENIbCKOX03AMCTBEHHbIX

X22 opraHm3aumax (LEHTHEPOB KOPMOBbLIX EONHULL), L

TakcoHOMETpHUYECKHIA TTOKa3aTeb Pa3BUTHSI MPECTABIISIET COOOM TaK Ha3bIBAEMBIN
CHUHTETHUYECKHUI MOKa3aTesib, PABHO3HAUYHO XapaKTEpPU3YIOILIMI paccMaTprUBaeMbIE Tepe-
MEHHBIE JIJIsl BCE COBOKYITHOCTH TEPPUTOPUANIBHBIX €IMHMUIL, YTO MTO3BOJISIET JIMHEHHO
YIOPSAA0YUTH BKIFOUECHHBIC B aHAJIN3 TIEPEMEHHBIC U POBECTH PAHKUPOBAHUE OOBEKTOB
HaOI0IeHUS apU(METHIECKIMH TIPOLIEYPaMH.

NccnenoBanue mpoBOAUIIOCH MO CIAEAYIOUIUM dTanam:

1. COOp CTaTUCTUUECKHX MTOKA3aTENCH U MPUBEICHHE X K COIOCTABUMOMY BUJTY.

2. Tlocne mpenBapUTENBHON MOJATOTOBKH UCXOIHBIX JaHHBIX ObUta chopMupoBaHa
MaTpula perMOHANbHBIX MTOKa3aTeNel U MPOBEICHA CTaHIapTU3ALIMSL.

3. Ipouenypa cranmapTU3avy MEPEMEHHBIX COPOBOXKIACTCS HEM30€KHON MOTe-
peit uHpOopMAaIMK, TO3TOMY JUT YCUJICHUSI BIUSHUS OJJHUX TIEPEMEHHBIX i YMEHBIIICHHS
BJIMSIHUS IPYTUX BBOAMIMCH KOA(PPHUIIMEHTHI HEPAPXUH ITEPEMEHHBIX.
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4. TlpousBoaunacek auddepeHnuays nepeMeHHbIX Ha TOJI0KUTEIbHbIE H OTPH-
LaTeJbHbIE JJI pacyeTa UHANBUIYAIbHBIX OTKIIOHEHUH OT 3TAJIOHHBIX MO KaXI0MY
ouieHMBaeMoMy napametpy. [lonoOHoe pa3aeneHne ObLIIO0 OCHOBAHO Ha OIpEJIeJIEHUH
TOUYKH P, ¢ KOOpAHATAMU

2015 202> > Z0n (D)

IpU Z,, = Max, z,,, e s C 1, zy, =min, z,, ecnu s ¢ I (s = 1, ..., n),

rae I — MHOXeCTBO TIOJIOKUTECIBbHO-BIIMAOIMUX U OTPULATCIIbHO-BJIUAIOIINX (HCI‘&TI/IBHBIX)
NEPEMEHHBIX; Z,, — CTAHAAPTU30BAHHOC 3HAYCHUC IIPHU3HAKA S JJId €IUHULEI 7.

5. OmnpeneneHue pacCTOSIHUA C;y, KaK PACCTOSHUS MEXIY OTHEJIbHBIMU 3HAUYEHU-
SIMU TIEPEMEHHBIX U 3HAUYCHUAMU P, SBISIFOIIUXCS TATOHHBIMHE 110 (hopMmyJie

1
Co = [Z;(zm —ZOS)Z]2 G=1,..., w). )

6. TlosrydyeHHBIE TAKUM 00pPAa30M PACCTOSIHUA Cjo BBHICTYIAIOT OCHOBOM JUIS pacuera
0

*
MOKa3aTeJIA YPOBHS Pa3BUTUA PETrHUOHA di , OIIpCACIACMOI0 KaK

4 =50, 3)

1
_ _ 1 w 1 w —\2 E
TIe ¢, =¢y +28,, ¢, =;Zizlcio, Sy = ;Zizl(cio—co) .

WToroBblil mokaszareins d; CIy)XKUT MHTETPAIBHON XapaKTEePHUCTUKONH PErnOHOB
[0 COBOKYITHOCTH PaccMaTpUBAaEMBbIX IOKa3aTeNlel U XapaKTepU3yeTcsl BEIMYMHOM,
CTpeMsIILENCs K HyJIIO.

7. Bonee uHpopMaTHBHOIN cuuTaeTcsl OOpaTHAs BEJIMYMHA, TIOKA3bIBAIOIIAs, YEM
OmKe mokasaresb K €IMHHIIE, TEM BBIIIEC YPOBEHb COIMATBHO-IKOHOMHYECKOTO pa3-
BUTHSI pETHOHA.

_1_ %o
d =1 o “4)

C noMo11p1o MOJyYEeHHOI0 TAKCOHOMETPUUECKHM METO/I0M MHTErpajIbHOTO MOKa-
3aresiss MOXKHO OLIEHUTh JOCTHUKEHHUE OTIAEIbHO B3ATHIM PErHMOHOM B KOHKPETHBIN
MOMEHT BPEMEHHU CPEJIHEr0 3HAYEHUS pacCMaTpUBAEMBbIX Mokaszareneil. i nenei
JIOCTOBEPHOCTH aHaJIn3a ObUIM MCKIIIOYEHBI ropoja (efepaibHOr0 3HA4EHUs!, KOJIU-
YEeCTBO PETHOHOB, YYACTBYIONINX B aHAJIN3E, COCTABMIIO 82 (Tadum. 4).

Ha nocnennem sTane npou3BoAMIICS pacdyeT MaTPUIbl CTAaHAAPTU3UPOBAHHBIX
MIEPEMEHHBIX, CKOPPEKTUPOBAHHBIX Ha Kod(duimeHTt uepapxuu. Mitorom ananmsa crano
MIOCTPOCHUE PEUTHHra PETUOHOB MO0 YPOBHIO PA3BUTHS CEIbCKOXO3SHUCTBEHHOTO MPO-
W3BOJICTBA.

Pe3ynpTaThl MOCTpOEHUsI PEHTUHIa MOYKHO KOMITAKTHO OTOOPa3UTh HA THMCTOTPaM-
Me, OTpeJIeNTB KOJIMYECTBO HHTEPBaIOB (rpym) o gopmyie Crepmxeca (puc. 10).
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Puc. 10. Pacnpe,u,eneHme PEerMoHOB NO NHTErpasibHOMY MHOEKCY
arponpoOMbILLIEHHOro Pa3BUTUA

PanxupoBaHue pernOHOB IO OTHOCUTENBHO YCTOWYHMBBIM IPYIIIAM BH3yalIbHO
MOKa3bIBAET 3HAUUTENIbHBIN OTpbIB KpacHomapckoro kpast 1 PoctoBckoit obnactu o uH-
TErpajbHOMY HUHICKCY, OIpPEIENsis UX JOMUHHUPYIOLIEE ITOJ0KEHUE B CEIbCKOX035M-
CTBEHHOH clienMann3aluu peruoHoB (Tadu. 4). B cBs3u ¢ TeM, 4TO BbLIEICHHUE TPYIII
MPOUCXOMIIO YEPE3 PaBHBIEC HHTEPBAJIbI, B MTOTOBOM PEUTHHIE HE IPUCYTCTBYET BTOpPAst
rpyIna, B JHana3oH 3HAYEHUN KOTOPOW HE IoIal HU OJUH U3 pacCMaTpPUBAEMbIX
PErHOHOB.

Tabnvua 4
PacnpeaeneHue permoHos Poccumn no HAEKCY arpornpoMbILLIIEHHONO Pa3BUTUS
MecTo B rpynne CkBO3HOM Hvomep HazBaHue cybbekta PO Mt"u'eKC
B 06LLEeM perTuHre penTuHra
Mepeas rpynna
1 | 1 | KpacHogapckuii kpaii | 0,9833
TpeTbs rpynna
1 | 2 | PocTorckast 06nacts | 0,9161
YeTBepTaq rpynna
1 3 Pecnybnvka TatapcTtaH 0,8849
2 4 Benropogackas 061actb 0,8831
3 5 CT1aBpONONLCKUIA Kpan 0,8691
4 6 BopoHexckas ob6nacTtb 0,8666
Martasa rpynna
1 7 Pecnybnuka BawkopTocTaH 0,8428
2 8 AnTarickuii kpamn 0,8378
3 9 CapatoBckasi 061acTb 0,8345
4 10 Bonrorpagckas o6nactb 0,8277
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lMpononxeHne Tabn. 4

MecTo B rpynne CkBO3HOM H,OMep HazBaHune cybbekta PO Mt"u'eKC
B 06LLLEeM peiTuHre penTunHra

LLlecTas rpynna
1 11 Kypckasi o6nactb 0,8193
2 12 YensbuHckas obnacTb 0,8131
3 13 TamboBckasi 06n1acTb 0,8099
4 14 OpeHbyprckasi 06n1acTb 0,8086
5 15 Pecnybnunka JarectaH 0,8064
6 16 Jluneukas 061acTb 0,8040
7 17 MockoBckasi 061acTb 0,8007
8 18 Camapckas obnactb 0,7972
9 19 KpacHosipckwuin kpan 0,7964
10 20 JleHnHrpazckas 061acTb 0,7958

Cepbmas rpynna
1 21 Omckasa obnacTtb 0,7936
2 22 Hosocunbupckas ob6nactb 0,7901
3 23 MeH3eHckas obnactb 0,7879
4 24 BpsiHckas obnactb 0,7858
5 25 Huxeropogackasi o6nactb 0,7807
6 26 CBepaJioBckasi 06/1acTb 0,7805
7 27 OpnoBckasi ob6iacTb 0,7785
8 28 TiomeHckas obnactb 0,7783
9 29 Yomyptckas Pecnybnuka 0,7775
10 30 Pecnybnuka Kpbim 0,7758
11 31 MpkyTckast 06nacTb 0,7746
12 32 Tynbckas ob6nacTtb 0,7719
13 33 Pecnybnvnka Mopaosus 0,7703
14 34 KemepoBckasi 061acTb 0,7693
15 35 Amypckas 06s1acTb 0,7664
16 36 Pa3aHckas obnactb 0,7662

Bocbmas rpynna
1 37 MNepmckuii kpan 0,7619
2 38 KabapauHo-Bankapckas Pecn. 0,7603
3 39 KypraHckasi o6nactb 0,7602
4 40 Yysawickas Pecnybnvka 0,7601
5 41 Pecnybnunka Mapwii 9n 0,7600
6 42 Mprmopckuii Kkpar 0,7594
7 43 YnbsiHoBCKast 061acTb 0,7583
8 44 AcTpaxaHckas 061acTb 0,7577
9 45 KnpoBsckasi o6nactb 0,7573
10 46 Kanyxckasi ob6iactb 0,7566
11 47 Bnagnmupckas o6nactb 0,7554
12 48 TBepckas 061acTb 0,7544
13 49 ApocnaBckas 06acTb 0,7541
14 50 Kapayaeso-Yepkecckasa Pecn. 0,7527
15 51 KannHuHrpagckas 061actb 0,7520
16 52 Bonoroackas o6nactb 0,7518
17 53 HoBropogackasi o6nactb 0,7515
18 54 MNMckoBckas 061acTb 0,7513
19 55 Tomckas 061acTb 0,7510
20 56 Pecnybnuka Kanmbikus 0,7479
21 57 Pecnybnuka C. Ocetus—AnaHus 0,7476
22 58 CmorneHckasa 06nacTb 0,7475
23 59 Pecnybnuka Caxa (Akytns) 0,7468
24 60 XabapoBckuii Kpan 0,7462
25 61 KocTtpomckasi 061acTb 0,7457
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OkoH4aHuve T1absn. 4

MecTo B rpynne CkBOgHOI Homep HassaHune cybbekta PO th'eKC
B 06LLEeM perTuHre penTnHra
26 62 3abankanbckuii kpam 0,7456
27 63 Pecnybnuka Agbires 0,7456
28 64 YeyeHckas Pecnybnnka 0,7455
29 65 MiBaHOBCKasa 061acTb 0,7431
30 66 Pecnybnuka bypaTtus 0,7429
31 67 Pecnybnunka Xakacus 0,7421
32 68 ApxaHrenbckas 061acTb 0,7399
33 69 Pecnybnvka Antan 0,7398
34 70 CaxanuHckasi 0bnactb 0,7395
35 71 Pecny6nnka Komu 0,7388
36 72 Kamyarckuin kpam 0,7374
37 73 Pecnybnuka NHryweTtns 0,7371
38 74 XMAQO — lOrpa 0,7371
39 75 EBpeiickas aBTOHOMHas 061acTb 0,7359
40 76 Pecnyb6nvka TbiBa 0,7356
41 77 Pecnybnunka Kapenus 0,7350
42 78 MaragaHckast 06n1acTb 0,7332
43 79 MypmaHckas 061acTb 0,7326
44 80 Amano-HeHeLuknin aBT. OKpyr 0,7326
45 81 HeHeukunii aBTOHOMHbIV OKPYr 0,7321
46 82 YyKOTCKMIN aBTOHOMHBbI OKPYr 0,7317

BbiBOAbI

[IpoBeneHHOe MCCIEOBAaHKUE MOATBEPIMIO HEPABHOMEPHOCTH arpOIPOMBIILICH-
HOTro noteHnuana peruoHoB Poccun. Hanbosee pa3BUTEIMU B 5TOM OTHOIIEHHH MOXHO
IMPU3HATh FOKHBIC PETMOHBbI, HAUMCHEEC PA3BUTBIMU — CEBCPHLIC, UTO ABJIACTCS BIIOJIHE
3aKOHOMEPHBIM U JIOTMYHBIM, YUUThIBasA, 4T0 Oosee 70% TeppUTOPUN CTPAHBI PACIO-
noxeHo B 30He Ceepa.

Hoctmwxenne nocrasieHHbix nepen AIIK neneit Oyaer cnocob6cTBOBaTh cephes-
HOMY IOBBIIIEHUIO KaueCTBa XKU3HU Ha Celle.

B ycnoBusix Huszkoro ypoBHs pa3Butus AlIK Ha Gombiieil yactu TeppuTOpUN
Poccun HEOOX0 MBI BCECTOPOHHSISI TUBEPCUPHUKALINS PETHOHATBHBIX YKOHOMUYECKUX
CUCTEM, OJIEPKKA U pa3BUTHE (HEPMEPCKUX TUIIOB MIPOU3BOJICTB, TPATUIIMOHHBIX
BUJIOB IIPOMBICIIA M PEMECEl, YCTPAaHEHHE aIMUHICTPATUBHBIX OTPAHUYCHUI HA Iy TH
peanu3anuy MPOU3BEICHHON B CETbCKONH MECTHOCTH MPOIYKIMHU, CO3IaHHUE JTOCTYITHBIX
YCTIOBUI [T (PMHAHCOBOTO BBIPAaBHUBAHUSI TIPOBOIUMBIX ITPeoOpa3oBaHuii, HH(POpMa-
IIMOHHOTO COIPOBOXKIEHHS TPYIOBOW AESITEILHOCTH, HHPpPACTPyKTypHOTO Oobecrie-
YEeHMs NIPOLIECCOB arpoOM3Heca, MOBBIICHUE 3aMHTEPECOBAHHOCTU U SKOHOMUYECKOMN
IPaMOTHOCTH HACEJICHHUS.
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