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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
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Abstract. A large number of plant diseases and damages are caused by insects and insect vectors
of plant pathogens, leading to the serious threats facing plant protection and food security. The access to safe
and nutritiously high-quality food is essential for human growth and development. This translates to a well-
developed society with systematically organized efforts for maintenance and increased food production
or supply to meet the continuous growing demand. The effects of environmental, biological, chemical,
political and socioeconomic factors have all contributed to the present nature of food dynamics, its
availability, supply and security. Hence, the development of safe bio-based substances should be prioritized
for precise and effective use in plant protection strategies. This review examines the sequential results
of the insecticidal potentials of unmodified short single-stranded DNA fragments used as DNA insecticides,
and emerging tool for safe plant protection strategy.

Keywords: plant protection, food production and security, IAP genes, biopesticides, DNA insecticides

Introduction

The outright challenge of the constant flow of a nutritionally balanced diet available
for a given population to aid growth, socioeconomic development and productivity
at large, calls for a continuous exigent integration of all sectors of research, this coalition
will make certain food security at the optimum level.

The increasing demand for safe and quality food is directly proportional to the
growing population of the world. Today we have enough food to meet the world’s
needs. Indeed, we have an extraordinary global food system that brings food from all over
the planet, with some countries leading better than others (Fig. 1) for consumers who
can afford to buy it [1]. However, a significant amount of the human population still

© Nyadar P.M., Razo Sh., 2019.
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Food Production (Average Value)

$ per capita

Average of three years

mChina ®Germany ®Nigeria South Africa ®Russia mUK m®mUSA

Fig. 1. Food security indicator showing the average value of food production
for an individual, using the course of three years as a constant.

The data provides a comparable estimation of food production in different economies
of the world (http://www.fao.org/economic/ess/ess-fs/ess-fadata/en).

do not have access to drinking water, food and arable land or environment [2—4]. These
results to less intensively grown plants that serves as food source and nutrition require-
ments in some areas of the globe. Plant protection can be threatened by abiotic and biotic
factors. These biotic constraints, such as insect pests, can at times seriously compromise
food production and security.

In the 1970s a concept of food security was introduced in the discussions of inter-
national and national food trouble during a period of world food crisis, which focused
on the attention of structural food supply, and to assure to some degree the provision
and stable price index basic foodstuffs at all levels [5]. Analyses of the United Nations
projections indicate that the human population will expand from roughly 7.2 billion
today to 9.6 billion in 2050 and 10.9 billion by 2100 [6, 7]. This implies that, the more
population the higher the food demand and the greater intensity of food security to pre-
vent global food crisis.

One of the major challenges of plant protection and food security in the world
today is insect pest management [8—10]. Insects can be found almost everywhere,
both in terrestrial habitats as well as every fresh-water habitat, they are the most diverse
group of living things in the world [11]. Some insects have coevolved with humans
and have been associated with significant roles since the start of modern agriculture,
with a large number of them becoming natural rivals and causing damages to plants
grown for human food [12—14]. Though some insects can be beneficial in agriculture,
a number of them are destructive to plants and their products.

Insects coexist with baculoviruses [15, 16], a pathogenic virus that can be utilized
as a control substance [17]. These viruses are insect-host specific, circular and super
coiled double-stranded DNA genomes in a range of ca. 80 to180-kbp [18]. There is
up to 600 and more baculoviruses originating from insect orders of Lepidoptera, Hyme-
noptera and Diptera (butterflies and moths, sawflies, and mosquitoes respectively) [15].
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Baculoviruses are characteristically rod-shaped like nucleocapsids, known as “baculum’
in latin, that are as long as 230—385 nanometre (nm) and as wide as 40—60 nano-
metre (nm) [18]. They have enveloped virions, also having phenotypes that are occlusion
derived virus (ODV) and budded virus (BV). These virions share same genome proper-
ties but differ in composition and morphogenesis of their functions during the life cycle
of the virus. Their environmental stability as well as their infectivity in target insects,
are generally different [19]. The nature of baculoviruses have provided a platform
for studies and trials on insect pests control [19—21], and maximum positive results
of control programs based on baculoviruses will depend upon joint efforts among
research institutes, governments, companies and growers’ associations [19]. So far,
studies on modern insecticides termed DNA insecticides created from unmodified short
single-stranded DNA oligonucleotides of IAP genes of baculoviruses are being consid-
ered as an emerging tool for plant protection and food security.

DNA Insecticides, current status and future prospects

DNA insecticide is a developing contemporary approach for plant protection and
insect pest management [20, 22]. Based on 18—20 nucleotides long unmodified DNA
fragments of viral inhibitor of apoptosis (IAP) genes, DNA insecticides can be used
to significantly manage its target insect-host. The action of DNA insecticides is attributed
to its ability to interfere with target gene expression [23—25]. Recent studies show
that topical application of DNA insecticides designed form IAP-2 and IAP-3 genes
of LAMNPYV (Lymantria dispar Multicapsid Nuclear Polyhedrosis Virus), decreases
the population of gypsy moth (Lymantria dispar) caterpillars, an insect pest with damag-
ing effects on forest trees of economic importance, located mostly in North America
and Eurasia [26, 27]. Another study indicated that DNA insecticides from DIAP-2
(Drosophila inhibitor of apoptosis) genes used on the larvae of fruit fly (Drosophila
melanogaster) interfered with DIAP-2 gene expression [23], suppressing the develop-
ment female fruit flies. This phenomenon was also observed in gypsy moth larvae treated
with DNA insecticides from LAMNPV IAP-3 genes where the target [AP-Z gene was
interfered with in female gypsy moth larvae [27]. The actions of DNA insecticides
majorly from the antisense fragments indicated that it acts as RNase H-dependent oli-
gonucleotides that promote the degradation of target mRNA and can be effectively
utilized against target insect pests.

In addition, further studies of DNA insecticides on non-target plant organisms like
common wheat Triticum aestivum, apple seedlings Malus domestica and oak leaves
Quercus robur showed that DNA insecticides are safe and not harmful to non-target
(plants) organisms [28, 29]. This implies that DNA insecticides designed from specific
baculovirus affect only its host insect, a characteristic nature of modern insecticides
that are insect-specific and engineered for plant protection that will support food
security strategies.

The practical advantage in the use of 18—20 nucleotides long insect-specific DNA
insecticides is in its cost-efficiency, which implies the ease of synthesis with minimal
hands-on participation. However, the development of DNA insecticides is still at an early
state, even though there are ongoing studies to expand this idea. The ease of creating
DNA insecticides will be advantageous especially for mainstream production, for large
scale plant protection.
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Additionally, the application of DNA insecticides by contact or oral means is con-
venient to control and maintain insect pest control of crops as well as economic plants.
In the situation were DNA insecticides may be used against feeding insects such as
adult beetles, their chitinous covering could protect them from contact with the insec-
ticide [25], Nevertheless, DNA insecticides have demonstrated strong potency for the
management of the larval stage of lepidopteran pest such as gypsy moth (Lymantria
dispar), especially during early larval instars, in their unprotected exoskeleton form.
The use of unmodified short single-stranded DNA fragments from conservative IAP
genes as insecticides could reduce insect resistance because of the low potential of mu-
tation in the conservative regions of the host insect. The approach of DNA insecticides
is of immense value, and elaborations in this field may lead to a very safe and cheap
bioinsecticides with high potency for sustained plant protection and food security.

Conclusions

Insect pests have significantly contributed to food shortage by destroying crops
and affecting their produce, leading to food insecurity both in developing and indus-
trialized parts of the world. Hence, for effective food security strategies, there is need
for integrated methods and tools for plant protection. DNA insecticides are presented
as a developing tool for plant protection, and the potency recorded for insect-specific
action especially against Lymantria dispar implies that insecticides based on short single
stranded DNA oligonucleotides from conservative genes of insect baculovirus have
the potential to pave a way for the creation of new forms of biological substances
to control insect pests. The use of insect viral inhibitor of apoptosis gene fragments is
relatively new as a modern tool that is eco-friendly, fast-acting, target-specific, and
safe for non-target organisms. DNA insecticides encodes traits that are favourable for
plant protection and food security.
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AHK-unHcekTuunabi
KakK HOBO€ HarnpasJieHMe B 3aluTe pacTeHum
n obecnevyeHnn NpoaoBOJIbCTBEHHON 6e30nacHOCTH

II.M. Huapap*, L11. Pa3o

Poccuiickuit yHuUBEpCHTET TPy OBl HAPOIOB,
Mocksa, Poccuiickas @enepanus
*biopalmgene@gmail.com

Bosbiioe umcio HOBpe)K,Z[CHI/Iﬁ paCTCHI/Iﬁ BBI3bIBACTCA HACCKOMBIMHU, KOTOPBIC MOTYT OJHOBPEMCHHO

SIBIITHCS KaK BPEIUTEISIMHU, TaK U TIEPEHOCUNKaMH OOJIE3HEH, 4TO CO3qaeT cepbhe3HbIe MPOOIeMBI POJIO-
BOJILCTBEHHOM Oe3omacHocTH. KpaifHe BayKHBIM JUIS YeJIOBEYECKOTO POCTA M PA3BUTHS SIBISETCS JOCTYII
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K 0€301aCHBIM U BHICOKOKAYE€CTBEHHBIM NPOAYKTaM MUTAaHUS. ITO CTAHOBHUTCS 3aJI0IOM Pa3BUTHsI 00LIIECTBA
oTpeduTENeil C BBICOKMMH TPEOOBaHUSMHU K KaUeCTBY MPOAYKTOB MUTAHUS U, B KOHEUHOM HTOT'e, IPUBOJUT
K TOCTOSIHHO PacTyILEMy CIPOCY Ha MOZOOHYIO MPOIYKIHIO. BiusHue 3KOMOTHYecKuX, OHOIOTHYECKHX,
XUMHYECKUX, TOJIMTUYECKUX M COLMAIbHO-D)KOHOMHYECKUX (DaKTOPOB CHOCOOCTBOBAJIO (YOPMUPOBAHHIO
COBPEMEHHOTI'0 IIPOI0BOJILCTBEHHOTO PhIHKA, €0 JOCTYITHOCTH M 0e30IacHOCTH. VIMEHHO II03TOMY paspa-
00TKa 06e30MmacHBIX OMOJIOTMYECKUX MPETapaToB CTAHOBUTCS CETO/IHS TPHOPUTETOM B COBPEMEHHOH CHUCTEMe
3alIMTHBIX MeponpusaTuid. JlaHHas paboTa cucTeMaTU3UPYeT OTIENbHBIE PE3yJIbTAThI [0 UCCIIEI0BAHUIO
3aIIUTHBIX CBOMCTB HEMOAN(PUIIMPOBAHHBIX KOPOTKUX OHOLEnoYeyHbIX PpparmenToB THK, ucronszyembix
B KauecTBEe MHCEKTHLNIOB, KAK HOBBI HHCTPYMEHT B CUCTEME 3aIl[UThl PACTEHHUH.

KuiroueBble ci10Ba: 3aliMTa pacTeHUM, MPOJAOBOJIbCTBEHHAs Oe30macHOCTh, IAP rensl, Guormec-
tuuasl, JTHK-uaCcekTHIMIB
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Abstract. Currently, less than 33% of arable land is used in Meshchovskoye Opolye. Optimizing
technology elements of resource-saving development of synanthropic fallow phytocenoses with complex
invasion is relevant. The article is devoted to analysis of development of self-organizing phytocenoses with
varying invasion degrees and their use on lands temporarily withdrawn from active agricultural use. Field
experiments were carried out on postagrogenic gray forest loamy soils in Kaluga Research Institute
of Agriculture in 2006—2018. Influence of mineral fertilizers as an optimization element of technology
of fallow development was studied using transects and permanent survey sites on the area of 12.0 ha.
The reasons for change in productivity and its determining elements in hayfields in autogenous — allogenic
phytocenoses were analysed. We established that economic value of plant communities was determined
by potential of constituent species and variability of their productivity in years with various environmental
conditions. 12 years later phytocenoses become homogeneous and consist of 10—12 main plant species,
determining green mass productivity by 75%. Compared to native species invasive plant species have
1.4—2.0 fold higher productivity which accounts for 60% and more productivity of phytocenoses. Trans-
forming role of Erigeron canadensis L., Lupinus polyphyllus Lindl. and Solidago gigantea Ait. on their
expansion into aboriginal herb (share in mowed mass — 40% or more) communities was shown; their high
adaptive potential for ecological-soil conditions of Meshchovskoye Opolye (center of Nonchernozem Zone
of Russia) was established. Application of mineral fertilizers (P,,K,,) in the secondary Trifolium medium
phytocenoses (more than 40%) contributed to 2.4-fold increase in its productivity (from 1.38 to 3.29 kg/m?)
and increased productivity stability by 60%, reducing low-value species in crop structure by 1.6 times.
The total area of cenopopulations increased by 10.4—21.5%, yields — from 2.31 to 4.41 kg/m’.

Keywords: fallow lands, gray forest soils, synanthropic phytocenoses, invasive species, mineral
fertilizers, productivity
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Introduction

Opolye is one of the most fertile type of lands in the central region of Russia,
85% of which was used for agriculture in the second half of the 20th century. Currently,
less than 33% of arable land is used in Meshchovskoye Opolye. The regional government
together with the Ministry of Agriculture of the Russian Federation pays special atten-
tion to the solution of this issue; however, the efficiency remains low. Some features
of development of secondary meadow phytocenoses and their cultivation have been
revealed [1—7]. There is an insufficient amount of research on optimization of tech-
nology for resource-saving development of synanthropic phytocenoses with complex
invasion in Kaluga region.

Materials and methods

Experiments were conducted on derelict lands with gray forest loamy soils
in 2006—2018. Evolution of secondary phytocenoses and developing alternative
technologies for accelerated cultivation of fallow lands in Kaluga Research Institute
of Agriculture were studied. The monitoring site was located on a gently sloping gulch
of floodplain terrace of the Vyssa river within the moderately eroded slope of the south-
east exposure. 2 parallel transects were laid at a distance of 50 m from each other
on the area of more than 12.0 ha to study allogeneic series. Each transect had 10 per-
manent plots with 250 m? in area which were at a distance of 100 m from each other.
Effect of mineral fertilizers in doses of P, K, and P, K,, on productivity and structure
of synanthropic phytocenoses was studied.

Results and discussion

By 2018 phytocenoses had been formed with varying weed invasion level. Initial
stages (up to 2—3 years of development) were classified as Stellarietea mediae Tx. et al.
Ex von Rochow 1951, and later ones — Artemisietea vulgaris Lohmeyer et al. Ex von Ro-
chow 1951 [8]. The series developed in reserve mode from the bank of diasporas after
turf development had a common floristic core with previous phytocenoses and were
represented mainly by agrobiological group of motley grasses (55%). The most common
groups consisted of aboriginal and adventitious species in varying quantities. Such trans-
formers as E. canadensis, L. polyphyllus and S. gigantea developed successfully spread-
ing freely throughout the Kaluga region [9]. 12 years later the phytocenoses became
homogeneous and consisted of 10—12 main plant species, determining green mass pro-
ductivity by 75%, and adventitious species — by 35% (Table 1).

The phytocenoses of Indemutatios quarolis were determined by potential of indi-
vidual plant species during their full vegetative development, and by variability
of productivity in years with different environmental conditions. The communities
of L. polyphyllus and S. gigantea were less dependent on such influences, while agrio-
phyte E. canadensis contributed to the formation of their expansion boundaries.
The highest variability of productivity was observed for indigenous species (average
35.99%), ranging from 18.66% for C. epigeios to 56.31% for H. perforatum. Produc-
tivity of adventitious species was characterized by lower variation — from 19.83%
in E. canadensis to 22.72% in S. gigantea. Yields of invasive species significantly
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Table 1
Cenopopulation structure and characteristics
of invasive secondary meadow phytocenosis, June 2014—2018
Productivity, kg/m’
Species / group W, %
M+m max min Cv, %

Phytocenosis 2.08 £0.36 2.39 1.68 34.32 100.00
Main components: 1.74+£0.25 2.01 1.42 28.81 83.84
Calamagrostis epigeios (L.) Roth 0.39+0.07 0.43 0.33 18.66 18.54
Erigeron canadensis L. AiN. S-2 0.32+0.03 0.37 0.25 19.83 15.30
Lupinus polyphyllus Lindl. CiN. S-1 0.21+0.02 0.25 0.18 21.50 10.23
Solidago gigantean Ait. ACiN. S-1 0.16 £0.02 0.19 0.14 20.31 7.91
Tanacetum vulgare L. 0.15+£0.02 0.17 0.12 22.72 7.01
Artemisia vulgaris L. 0.13+0.02 0.15 0.11 33.46 6.09
Vicia sepium L. 0.12+0.02 0.14 0.09 34.77 5.71
Chamerion angustifolium (L.) Holub 0.11+£0.02 0.13 0.08 40.87 5.08
Hypericum perforatum L. 0.07 £0.02 0.10 0.05 56.31 3.58
Equisetum arvense L. 0.06£0.10 0.07 0.04 44.65 2.70
Potentilla anserine L. 0.04 £0.01 0.04 0.03 37.70 1.67

Note: A-CiN — Accidental & Cultivated alien Invasive Naturalization plants; Aliens. str. — invasive naturalized
unintentionally and intentionally introduced species, S-1 — invasive status of transformer; S-2 — invasive status of agrio-
phyte, according to Richardson et al. [11]; W, % — mass fraction in crop structure.

exceeded yields of native plant species. Close dependencies were observed between
yields of phytocenoses and productivity of the group with dominant adventitious species
(r=179.54 £ 0.21), area of subpopulations (» = 91.21 £ 0.18), occurrence (» = 87.47 + 0.19)
and stand height (» = 85.15 £ 0.19). Introduction of the advents contributed to the rapid
transformation of phytocenoses — reducing species diversity and simplifying phyto-
cenose structure. Higher levels of specific productivity and stability of adventitious
species can be considered as a manifestation of their adaptive potential to the ecological
and soil conditions of Meshchovskoye Opolye.

The area of the most valuable feed groups of Trifolium medium in the composi-
tion of autogenous phytocenoses varied from 7.6 to 17.5% and averaged 11.0% per 1 ha
of fallow lands in 2015-2018. Top mineral fertilizing contributed to the redistribution
of quantitative and qualitative links between the phytocenosis elements [11—16].
Increase in fertilizer rates increased stability of their productivity. Application of (P, Ky,)
resulted in increase in the total area of 7. medium cenopopulations by 10.4—21.5%
and yield increased from 2.31 to 4.41 kg/m®. The specific productivity increased more
than 2 times (Table 2).

Using phytocenoses as hayfields in their allogeneic series resulted in significant
increase in phytocenotic stability of 7. medium. The ratio of 7. medium mass fraction
to secondary species in structure of mowed mass increased from 1.5 to 3.0, and co-
efficient of 7. medium productivity variation decreased from 61.84 to 38.45%. A close
relationship was found between phytocenoses yields and 7. medium specific productivity
(r=0.82 £ 0.18), its share in the crop structure (» = 0.94 £+ 0.08) and stand height
(r=0.57 £ 0.20). Productivity variability of secondary species was not significantly
changed.
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Table 2
Structure and properties of T. medium phytocenoses, 2015—2018
Productivity, kg/m?
Species / group W, %
M+tm max min Cv, %
Natural soil fertility
T. medium L. phytocenosis 2.31+0.88 2.46 0.60 76.42 100.00
T. medium L. 1.38+0.43 2.33 0.58 61.84 59.65
Secondary species 0.93+£0.37 2.67 0.31 79.20 40.35
P,.K, fertilization
T. medium L. phytocenosis 3.23+0.96 4.75 0.77 59.45 100.00
T. medium L. 2.17+£0.60 3.42 0.65 57.28 67.18
Secondary species 1.06 £0.45 1.33 0.21 84.33 32.82
P, K, fertilization
T. medium L. phytocenosis 4.41+1.01 7.13 1.22 45.76 100.00
T. medium L. 3.29+0.63 6.45 1.17 38.45 74.59
Secondary species 1.12+0.45 2.69 0.38 81.06 25.41

CONCLUSIONS

Autogenous phytocenoses were established to be developed from a soil bank
of diasporas formed by previous communities; therefore, they had a common floristic
core and potential feeding value. Hay productivity was extremely low without the use
of elements of surface improvement technology.

It has been revealed that invasive species: Erigeron canadensis L., Lupinus poly-
phyllus Lindl. and Solidago gigantea Ait. got advantage during grass restoring process
under conditions of Meshchovskoye Opolye. The plants gave the impression of being
aboriginal and constituted more than 1/3 of mowed mass.

Application of mineral fertilizers (P,,K,) in secondary 7rifolium medium phyto-
cenoses resulted in 1.9-fold increase in vegetative mass, 2-fold increase in 7. medium
specific productivity and 1.6-fold reduction of low-value species in crop structure.
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AHHoTanus. B Hacrosmee BpeMs B MeIIOBCKOM OIIOJIbe HE UcIoib3yeTcst 6onee 33% mamHu.
Bonpoc onTHMH3aLMK JIEMEHTOB TEXHOJIOTHH PECYpPCOCOSPEraloIiero OCBOCHHs CHHAHTPOITHEIX (UTOIIe-
HO30B 3aJIeXKeH ¢ KOMIUIEKCHOH MHBa3UeH SBIISETCS OTKPBHITBIM. CTaThsl MOCBSIICHA aKTYaIbHON HAy4HO-
HPOU3BOJCTBCHHON 3ajaue — aHaNIn3a U JUHAMHUKH Pa3BHTHs CAMOOPTaHM3YIOUIMXCS (PUTOLEHO30B
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C Pa3IMYHON CTENEHBI0 WHBA3WH WM MX HCIONB30BAHUIO HA 3eMIISIX, BPEMEHHO BBIBEICHHBIX M3 aKTUBHOTO
cerbeKoxo3siictBeHHoro obopora. B Kanyxxckom HUMCX B 1moseBOM OMBITE HA MOCTArPOr€HHBIX CEPhIX
JIECHBIX CPEIHECYIVIMHUCTBIX Mo4Bax B 2006—2018 rr. usyuanu BIMsSHUE MUHEPAJIbHBIX yI0OpEHUN Kak
9JIEMEHTa ONTHMHM3ALMK TEXHOJIOTHH OCBOCHHMS Pa3HOBO3PACTHBIX 3aJIeXKEH METOOM TPAHCEKTHI U ITOCTO-
SHHBIX YYETHBIX IUIONIAI0K Ha ruiomaam 12,0 ra. JlaH aHaIN3 MPHYHH M3MEHSHHS IPOTYKTUBHOCTH ONpe/ie-
JISIOIIUX €€ AJIEMEHTOB TIPH OJJHOYKOCHOM CEHOKOCHOM HCIIOJIL30BAHHHU B PSIy: aBTOICHHBIC — aJLIO-
TeHHBIC (PUTOLIEHO3BI. Y CTAaHOBJICHO, YTO XO3SHCTBEHHAS [ICHHOCTh [ICHO30B OIPECIISITCS HOTCHIINATIOM
COCTaBIISIIOIIMX BUJIOBOI BapHaOEeIbHOCTBIO UX MPOYKTHBHOCTH B PAa3JIMYHbIC MO CTEHICHH HATIPSHKCHHOCTH
9KOJIOTMYECKUX YCIOBH rojibl. OUTOLCHO3HI Ha 12-1i FO/ pa3BUTHS SBIISIOTCS TOMOT€HHBIMU M COCTOSIT
u3 10—12 OCHOBHBIX BH/IOB, KOTOpPBIE HA 75% (OPMHUPYIOT YKOCHYIO MacCy. Y POBEHb NPOAYKTHBHOCTH
MHBa3UOHHBIX BUJOB B 1,4—2,0 pa3a IpeBbIIacT ypoBEeHb aDOPUTEHHBIX U 00ycoBnuBaeT Ha 60% u Goiee
MPOIyKTHBHOCTH (puTo1eH030B. [TokasaHa Tpancdopmupyromas poss Erigeron canadensis L., Lupinus
polyphyllus Lindl. u Solidago gigantea nipu ux sKcriaHcUu B aDOPUIe€HHBIE Pa3HOTPABHBIE (OISt B YKOCHOU
Mmacce — 40% u Gonee) cooOuiecTBa, U yCTAHOBJICH MX BBICOKHI aJaliTUBHBIA MOTEHIIUAN K DKOJIOTO-
HOYBEHHBIM YCIIOBUIM MeloBckoro ornoibs L{entpa HewepHo3emHo# 30861 Poccuu. TTnomans Hanbomnee
[IEHHBIX B KOPMOBOM OTHOIIICHUH TPyNIHUPOBOK Trifolium medium L. u3meHsuiacey B mpezenax ot 7,6
1o 17,5% u B cpennem cocraBmia 11,0% Ha 1 ra 3amexun. Takum o0pa3oM, BHECEHHE MUHEPATBHBIX
ynobpenwit (P,,Ky,) BO BTOpUUHBIX (PUTOLIEHO3aX C IPEUMYILECTBEHHBIM ydacTreM 1. medium (Gonee 40%)
CIOCOOCTBOBAJIO MOBBILIEHUIO €0 yeIbHOM MpoayKTUBHOCTH B 2,4 pasa (¢ 1,38 10 3,29 kr/M®) 1 ypoBHS
CTaOMIBHOCTH MPOAYKTUBHOCTH Ha 60%, a TakKe CHIDKEHHIO JIOJIM YYacTHsI MAJIOLIEHHBIX BUIIOB B CTPYK-
Type ypoxas B 1,6 paza. O0mmas riomane HeHonomysuid Bo3pocna Ha 10,4-21,5 %, ypoxkaiiHocTs ¢ 2,31
10 4,41 kTP

KuroueBble cjioBa: 3aj1eKHBIC 3€MIJIHA, CCPBIC JICCHBIC ITOYBbI, CHHAHTPOITHBIC (I)I/ITOI.ICHO?;LI, HWHBa-
3UOHHBIC BU/IbI, MUHCPAJIbHBIC yJ:[O6pCHI/I$[, MPOAYKTHUBHOCTb
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Hay4yHas ctatbs

BnusHue pasnnyHbix Cnoco00B NoceBa n opoLueHns
Ha NPOAYKTUBHOCTb MAT/INKOBO-0000BbIX TPaBOCMecen
NPV MHOrOyKOCHOM UCMOJ/Ib30BaHUU

I'.K. Byaaxtuna’, A.B. Kyapsimos, H.W. Kyapsimosa

'Tlpukacnuiickuii arpapHblil (eiepaibHbli HayuHbIH HeHTp Poccuiickoi akajeMun Hayk,
AcTtpaxanckas obsacts, Poccuiickas @enepanus
*gbulaht@mail.ru

AnHotanus. Llens uccienoBanust — M3Y4YUTh BIMSHIE PA3IHYHBIX CIIOCOOOB OPOIICHHUS Ha MPO-
JTYKTUBHOCTb MSTJIMKOBO-0000BBIX TPaBOCMECEH IpU MHOIOYKOCHOM HCHOJIB30BaHUU. HayuHas HOBH3HA
UCCIIEIOBAHUH 3aKII09aEeTCsl B TOM, UTO BIIEPBBIE B YCIOBUAX CBETJIO-KalTaHOBBIX ouB CeBepHoro [Ipu-
KacIvsi M3y4aJioCh BIIMSTHUE Pa3INYHBIX COBPEMEHHBIX CIIOCOOOB OPOLICHHUS Ha YPOXKAHHOCTh MHOTOJIETHIX
KOPMOBBIX TpaBocMecel. OOBbEKTaMH UCCIIEIOBAHUM SIBIIIOTCSI KOPMOBasi TpaBocMech (JKUTHSK MIUpOKO-
konockiit, KieBep nyrosoii, Tumogeeska nyrosasi, OBcsiHuia syrosas; 25 : 25 : 25 : 25) u pa3nudnbie
CIIOCOOBI OPOLIEHHsI. YUeThl M HAOMIOICHNS B OIIBITE MPOBOIMIIMCEH COITIACHO OOIIETIPHHATEIM METOIHKAM
b.A. locnexosa, M.H. belinemana u MeToqu4eckux yka3aHHii 10 MOOMIM3AIIMY PACTUTEIIBHBIX PECYPCOB
W UHTPOAYKUIMH apuIHBIX KOpMOBBIX pacteHnii BHUU xopmos. [lo pe3ynmpraTtam qByX JIeT HCCIIEAOBAHUN
OBLIH CIIeNaHbI CICYIOIIHE BBIBOIBL: pa30pOCHOM Croco0 moceBa okasajcs 6oliee ypoKaiHbIM; Ha ydacTKax
C PSLIOBBIM CIIOCOOOM IOCEBA YPOXKAHHOCTh ObLIa 3HAUUTEILHO HIDKE, YeM Ha Pa3OpOCHOM — B CPEAHEM
TIPOLYKTUBHOCTH TPABOCMECH Ha pa30pOCHOM CIIOCO0E IOCeBa MIPEBBIIIAET 3TOT XKe MOKa3aTellb Ha PSIOBOM
rocee Ha 40,9 T/Ta; ypokallHOCTh TPABOCMECH Ha 3aJIMBE ObllIa CAMON HU3KOMW B OTIBITE HAa BCEX CIIOCO0AX
HoceBa U OTJIMYANach HECYIIECTBEHHO — 55,6 T/ra IIpu pAIoBOM criocode mocesa U 55,2 T/ra npu pas-
OpoCHOM TIOCEBE.

KroueBbie ciioBa: TpaBocMecH, 3ej1eHasi Macca, IPOLYKTHBHOCTb, CIIPUHKIIEPHI, TEPUOJMIECKUI
3aJIMB, OBCSHHIIA JIyTOBasd, JIFOLIEPHA [T0CEBHAs, KJIEBEP JIyTOBOM

AKTYanbHOCTb TEMbI

B narmueii ctpane Bcerza ocTpo cTosia mpodiema MpoI0BOJILCTBEHHOM Oe30macHo-
cru. W, ecnu npoayKuus pacTeHUEBOACTBA MPAKTUUYECKH IOJTHOCTBIO TPOU3BOJUTCS
OTEYECTBEHHBIMU ITPOM3BOAUTEINSIMU, TO OOJIbIIAS YACTh MPOAYKIMU KUBOTHOBOJACTBA
JI0 HE/IaBHEro BpEMEHH BBO3MJIACh U3 I'MX CTpaH. B mocnennee BpeMs npaBUTEILCTBO
1 MUHHCTEPCTBO CEIbCKOro xo3diicTBa PO craBsaT nepen arpapusMu 3a1ady 1o MoJ-
HOMY MMITOpTO3aMerieHnto. Ho i yBenuyeHns npou3BOACTBA MPOLYKTOB KUBOTHO-
BOJICTBA HEOOXOMMBI BHICOKONUTATENbHBIE KOpMa. [103TOMY pa3BuTHE KOPMOIPOU3BO/I-
CTBAa OYCHH BAXKHO B 00ECIIEUCHUH MTPOIOBOIBCTBEHHOM 0€301MacHOCTH cTpaHsl [1].

© bynaxtuna I'.K., Kyapsmos A.B., Kyapsmosa H.U., 2019.
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BBepeHune

OZHUM U3 OCHOBHBIX OOBEKTOB KOPMOIIPOU3BOJICTBA SABJSAIOTCS MHOTOJIETHHUE
TpaBbl. OHHU o6ecnieunBaroT 0koi10 40% ot obiero cbopa KOPMOBBIX eAUHULL. 1 UX
BBIpAIMBaHKA B ACTpaxaHCKOH 001acT HeoOxoauMo oporienue. OqHUM n3 Haubosee
HEePCIEKTHUBHBIX CIIOCOOOB OPOILIEHUS KOPMOBBIX KYJIBTYD, €CTECTBEHHBIX CEHOKOCOB
Y N1aCTOUIIL SIBJISIETCS IOBEPXHOCTHBIH MOJIMB, TAK KAK OCYILECTBIIETCS ¢ MUHUMAIbHBIM
IIPUBJICYEHNUEM JOTIOJHUTEIbHBIX UCTOYHUKOB 3Hepruu [2, 3]. Eme ogHuM BUAOM
OpOLICHHUS SIBJISIETCS] CIIPUHKIIEPHBIN 1ouB. [Ipu 3ToM BHE MosuBa OpOILEHHE Mpo-
M3BOJIMTCS IO NMPUHIMITY HAaTypaibHOrO N0Xk1s. Bona pacnpenensercs yepe3 cucteMy
TpyO M pacmblIseTCsl B BO3AYX 4epe3 coIula (CIPUHKIEPHI), KOTOPhIE PACCEKAIOT €€
Ha MeJIKMe Karui. [IaHHBIN MeTOJ| MOoJIMBa YCIEIHO NPUMEHSIOT B V3paune npu BbIpa-
IIMBAaHUH KapToQeis, MOPKOBH, KaIlyCThl, 3€JI€HHBIX KyJbTyp. B Poccun naHHbIi MeTox
1oJiMBa 00JIbIlE BCErO pacIpOCTPAHEH MPU BhIPAIIMBAHUH I'a30HOB, HO YXe Hayall
MPUMEHSTBCS Y TIPU BhIpAlIMBaHuU KapTodemns [4—-6].

JlaHHbBIN BUJ OpPOILIEHUST XOPOLIO MOAXOAUT AJisi AcTpaxaHckol, Bonrorpaackoi,
PocroBckoii obnactu, CTaBpONOIbCKOTO Kpas U APYTUX perioHoB. HecMOTpst Ha BBICO-
Kyto ctoumocTs (0T 100 000 p./ra), cpuHKIEpHOE OPOILICHUE YKOHOMHYECKH BBITOIHO
B I0KHBIX PErHOHAX, 0COOCHHO Ha HEOOJBUIMX IUIOIA/IX. Tak Kak, B OTJIMYME OT Iepe-
JIBIDKHBIX MAlllMH, CTAllMOHAPHbIE CUCTEMBI MOT'YT 0OECTICUUTh BBICOKYIO HOPMY TIOJIMBA
¥ ONITUMAJILHYIO YaCTOTY TIOJIMBA [AKE B CAMBIE KAPKHUE U CyXHE TIEPUOIBI "2,

Pemenue npo6iemsl euuTa MoJHOLEHHBIX KOPMOB JUIsl )KHBOTHOBOAUECKUX
xo3giicTB FOra Poccun 3akirouaercs B pa3paboTKe YIyUIIEHHBIX TEXHOJIOTMYECKHX
IPUEMOB BO3/IEIIBIBAHUS MHOTOJIETHUX TPaB, C 1I€JbI0 MOBBIIEHHS MPOSYKTHBHOCTH
U yJIy4lICHUS UX MUTATENbHOU LIeHHOCTU. [103TOMY naHHOE HalpaBieHHE MCCIIe10Ba-
HUH SIBJISIETCS AKTYaJIbHBIM.

Leap uccaeqoBaHusd — U3YUYUTh BIMSHHE PA3IMYHBIX CIIOCOOOB OpPOLICHHUS
Ha NPOJYKTUBHOCTh MATJIMKOBO-O000BBIX TpaBOCMECEH MPHU MHOTOYKOCHOM HCIIOJIb-
30BaHUU B YCJIOBUAX CBETJIO-KAIITaHOBBIX ouB CeBepHoro Ilpukacmust.

B 3agaum ucciaenoBaHuit BXOAUIO U3YUUTh BIUSHUE CIIOCOOOB OPOILICHHUS:

— Ha OMOMeTpUYECKUe ITOKa3aTeIN U JIEMEHTBI CTPYKTYPbI ypOsKas;

— Ha YpPO’KalHOCTb TPABOCMECH.

Hayunas HOBM3HA HcCieI0BaHUH 3aKIII0YAeTCsl B TOM, YTO BIIEPBBIE B YCIOBUIX
CBETJIO-KaITaHOBBIX 1MouB CeBepHoro IIpukacnus n3ydanoch BIUSHHUE Pa3IHYHBIX
COBPEMEHHBIX CIIOCOOOB OPOIIEHUSI Ha YPOXKANMHOCTh MHOTOJIETHUX KOPMOBBIX Tpa-
BOCMecei.

Hamnpasnenue ucciieioBaHuii SBJSIETCS aKTyalbHBIM M UMEET OOJIBIIOE MPAKTHUe-
CKO€ 3Ha4yeHHe, TaK KaKk pa3paboTKa HOBBIX TEXHOJOTMYECKUX IMPHEMOB BO3JEJIbIBA-
HUSI MHOTOJIETHUX TPaBOCMECEH MO3BOJIUT PACIIMPUTH ACCOPTUMEHT BO3/IEJIBIBAEMBIX
B AcTpaxaHCKOH 00s1acT# 6000BBIX M MATJIMKOBBIX TPAaB U YBEIUYUTh UX MPOIYK-
TUBHOCTb.

! CucTeMbl CIIPMHKIEPHOrO NONMBA: IpeuMyIlecTBa U Hegoctatku. URL: http://webferma.com/
rastenievodstvo/sistemi-orosheniya/sprinklernoe.html.
2 Cnpunkieproe opomenue. URL: http://www.yug-poliv.ru/oroshenie/sprinkleri/.
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Martepuanbl n meToabl

J171s1 BBINOSIHEHMSI TOCTABJIEHHBIX 3a/1a4 POBOAMINCE CIIECAYIOIIUE MOJIEBBIE YUEThI
1 HaOJIOCHUS:

— (enonornyeckue HaOIIOEHUS MPOBOAUIUCH CHCTEMATHUECKH, BU3YaJIbHO
Ha OJTHUX U TEX )K€ PacTeHUsX, yepe3 Kaxaple S—I10—15 nHel no MeToauke n3ydeHus
(heHOoNoTuYM pacTEHUI U PACTUTENBHBIX CO00IEecTB [7];

— BJIQKHOCTh TOYBBI OINPENENSIIOCh TEPMOCTATHO-BECOBBIM METOJIOM: TIPH TO-
ceBe — B noceBHOM ciioe 0—0,1 M, 3a Beretaiuo — Ha rIIyOHHE MOYBEHHOTO MPOHIIS
1,0 m mocnoiino uepes 0,1 m;

— y4eT ypOoKalHOCTU MPOBOJMIICS COrJIaCHO MeTOIMYEeCKUM yKa3aHHUsM 110 Ipo-
BEJICHHUIO TOJIEBBIX OTBITOB C KOPMOBBIMH KyJibTypamu BUP;

— 9KCIEPUMEHTAJIbHbIE JJaHHBIE 00pabaThIBAIUCh METOJJAMHU JTUCIIEPCUOHHOTO
aHaJM3a ¢ ucrnojib3oBanrem DBM [8].

JIByX(haKTOpHBIN TOJIEBOW OIBIT 3aKJIAJBIBACTCS METOJIOM PACIICIUICHHBIX JeNs-
HOK: (hakTop A — crocoObI monuBa; Gaktop B — crocobs! nmocesa.

I. CnocoOsl momnmBa:

1. MenkonucnepcHoe (CIpUHKIIEPHOE)
2. 3anuB (MOJIMB HAITyCKOM B YEKaX)

II. Cmoco6s1 ocesa (B):

1. PsimoBoii (mmpuHa mexaypsaauit 60 cm)
2. Pa3z6pocHoit

[ToBTOpHOCTH OMBITa — TpexkpaTHas. OOmas mwIomab Mo ornskIToM — 294,0 M.
OO01was mIoNams AeISHKU MO MEIKOAUCIIEPCHOE opomenne — 250,0 M*; o0mas mio-
a/b AEISAHKY 10 3a7uB — 44,0 M.

OObeKTaMH MCCIIEIOBAHUN SIBJISIOTCS KOpMOBasi TpaBocMech (JKUTHSK HIMPOKO-
kouockiid, Kiteep myrosoii, TumodeeBka sryrosasi, OBcsiHuia ayrosas; 25 : 25 : 25 : 25)
U pa3InyHbIe CTIOCOOBI OPOIICHHS.

PesynbTaTbhl U 06CYXAEHMe uccnenoBaHunii

Omneit Obu1 3a510%eH B 2017 1. Ha onbiTHOM yuyactke @TBHY «ITHUHN A3y, koTto-
phIit HaxoauTes 2,5 kM 3anaanee cena ConéHoe 3aiimuiiie. [louBeHHBIN MOKPOB ydacTKa
MIPEJICTAaBJICH CBETJIO-KAIITAHOBBIMU COJIOHIIEBATHIMH ITOUYBAaMU 0€3 HAJMUUS TISITEH CO-
JoHOB. [1o conepkanuto HaTpUs B MaXOTHOM M MOAMNAXOTHOM ropusonTax (4,1 % ot
CYMMBI TOTJIOIIEHHBIX OCHOBAHMM) MOYBAa OTHOCUTCS K ciabocononnenaroil. Coaep-
KaHHe TyMyca B MaxoTHOM ciioe nmouBsl (1o Tropuny) — 0,91—1,1%, pH 6,7—7,2.
OOecrieueHHOCTh MOJABIKHBIMU (popMaMu a30Ta — OUYeHb HU3Kas, pocdopa — OueHb
HU3Kas, KaJlisg — BBICOKOE.

Knmnmar paiioHa ucCiieJOBaHUM pe3KO KOHTUHEHTAJIbHBIM, OCTPO3aCyIUINBbIN, U3-
MEHUMBBIN. BecHa mynTcst HeoaTo, OTIIMYaeTcsi OBICTPHIM HAPACTAHUEM TIOJI0KHUTENb-
HBIX Temneparyp. Jlero ycraHaBiaMBaeTcsi BO BTOPOH JeKajie Mast 32 CUET Pe3KOro MOBbI-
LIEHUS TEMIIEpaTypbl BO3AyXa.

3 Llamcymounos 3.111., Hazapiox JI.A., Honuc FO.H. Metoaudeckue yKa3aHUs 10 MOOITH3AIUH
PACTUTENILHBIX PECYPCOB M HHTPOAYKLMH apUIHBIX KOpMOBBIX pacteHuil. M.: BHUUN kopMoB nmenn
B.P. Buassamca, 2000. 90 c.
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Tabnmua 1
l'yctoTa ctosiHua TpaBocmecei, MA®HL, PAH, 2017 r.
['ycToTa CTOAHUS, ThIC.LUT./ra
Cnocob nonuea Cnocob nocesa
Bob6oBbie MsaTnukoBble
CnpuHKNepHoe opoLleHne PsapoBoi 750,0 1450,0
PasbpocHom 2720,0 3960,0
3anue Paposoin 333,3 1216,7
PasbpocHom 1280,0 4 .320,0
Table 1
Grass plant density, CAFSC of the RAS, 2017
Plant density, thousand plants/ha
Irrigation method Sowing type
Legumes Bluegrasses
Sprinkling Drilling 750,0 1450,0
Broadcast 2720,0 3960,0
Flooding Drilling 333,3 1216,7
Sowing type 1280,0 4 320,0

OOunue Teruia Mo3BOJsieT BBIPAIIUBATh B 3TOM pallOHE MHOT'HE CEeJIbCKOXO03sIH-
CTBEHHBIE KYJIbTYPBI, B TOM YHUCJIE 1 MHOTOJIETHHE TPaBbl, HO AepUIMT BIaroodecrie-
YEHHOCTHU TO3BOJISET M0JIy4aTh BHICOKHE YPO)Kau TOJIBKO Ha OPOLICHUH.

Cucrema 00pabOTKH IOYBBI ONBITHOTO YYaCTKa BKJIIOYAsIa B CEOsl: OCEHHSsI BCIALI-
ka (ocenb 2016 r.) Ha nryouny 22—24 cM, BeceHHee OopoHoBanue (2017 1.), KyabTH-
BalMs ¢ O0poHOBaHUEM, (hpe3epoBaHUE Ul BBIPABHUBAHUS Y4aCTKa.

Ces Tpas 0b11 poBezeH BpyuHyto 13.04.2017 1. ¢ mocaeayrONHM MPUKATHIBAHHEM.
[TomHble Bexozpl 3aguKcHpoBaHbl uepe3 4—35 nHeil. JlanpHeiinee pa3BuTHe pacTeHUi
MPOXOJWIIO MPU MPOBEIECHUH KOMILIEKCA arpOTEXHUYECKUX MEPOIPUITUH, CBA3aHHBIX
C YXOJOM 3a PaCTEHUSIMU: IOJUBOB, IOAKOPMOK, IPOIOJIOK OT COpHsKOB. B 2018 r.
(deHonornueckre HabIIOICHUS U YUET YPOKaHHOCTH MPOBOIMIOCH HA MHOTOJIETHUX
TPaBOCMECAX 2-T0O TOAA KU3HU.

OpoleHre ONBITHOTO Y4acTKa OCYIIECTBISETCSA ABYMsS CIOCOOAMM: MEJIKOIMC-
MIEPCHOE OPOLICHHUE U MEPUOANYECKHI MOBEPXHOCTHBIN 3anuB. [logaya opocutenbHOR
BO/JIbI ITPOM3BOIMIIACH U3 €CTECTBEHHOI'O HCTOYHHMKA — 3aTOHA p. Bonru.

Ha onpITHOM yuyacTke Mbl pUAEPKUBAIUCH pexxuMa noiusa 75% HB. Bopomno-
TpeOiieHne N3y4aeMbIX TPaBOCMECEH B IOfbl UCCIIEIOBAaHUI ObUIO MPAKTHYECKH OJJMHA-
KOBBIM (pa3HuIa cocTaBuna 2,0 M°/ra).

B nepBblii roJ :KkM3HU TpaB, NOCJIE MOSIBICHMS MTOJIHBIX BCX0A0B B Mae 2017 r.
ObLIa OIpeiesyieHa rycToTa TpaBocTos (Taba. 1).

W3 naHHBIX 3TO# TaONUIIBI BUAHO, YTO TYCTOTA CTOSIHUS MSITIMKOBBIX 3HAYUTEIBHO
BbIIIIE, yeM 0000BbIX. Taroke MpociexuBaeTcs 3aKOHOMEPHOCTh — HA BapUAHTAX OIbITa
C pa3OpOCHBIM CITOCOOOM MMOCEBA T'YCTOTA CTOSIHUSL U MATIMKOBBIX, 1 00OOBBIX BHIIIIE,
YeM Ha BapHaHTaX C pAA0BBIM CIIOCOOOM MOCeBa.

B TaGnurie 2 npuBeeHbI JaHHBIE 110 TYCTOTE CTOSIHUS TPAaBOCMECEH, aHAIH3 KOTO-
poit 6611 mpoBezieH BecHou 2018 1. B aszy otpactanus (16.04.2017 r.). [1o nomyueHHBIM
JAHHBIM MOXHO CJIeNIaTh BBIBOJI, YTO T'YCTOTA CTOSIHUSI PACTEHHI CEeMENHCTB O0OOBBIX
Y MSTJIMKOBBIX YMEHBIIIMJIOCH Ha BCEX BapHaHTax OMbITa. B cpeHeM rycrora CTOSHUS
TpaB ceMeiicTBa 000OBBIC Ha BapHAHTAX C PAIOBBIM CIIOCOOOM MOCEBA YMEHBIINIACH
Ha 76,6 ThIC./Ta, a 3TOT XKe MOKa3aTeb Y TpaB ceMeicTBa MATIMKOBBIC 204,3 ThIC./Ta.
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Tabnvua 2
l'ycToTa ctosiHusa TpaBocmeceii, MA®HL, PAH, 2018 .
['ycToTa cTOAHNS, ThIC.LWIT./ra
Cnocob nonuea Cnocob nocesa
BoboBble MsaTnukosble
CnpuHKNepHoe opoLleHne PspoBsoin 630,0 720,0
Pas6pocHort 2700,0 2400,0
3anus PapoBoi 300,1 895,4
PasbpocHom 1010,0 3450,3
Table 2

Grass plant density, CAFSC of the RAS, 2018

Plant density, thousand plants/ha
Irrigation method Sowing type
Legumes Bluegrasses
Sprinkling Drilling 630,0 720,0
Broadcast 2700,0 2400,0
Flooding Drilling 300,1 895,4
Broadcast 1010,0 3450,3

Ha BapuaHTax ombITa ¢ pa3dpoCHBIM CIIOCOOOM MOCEBa KOJUYECTBO PACTEHUM
cemeiicTBa 6000BbIE YMEHBIIMIOCH B cpefHeM Ha 145,0 Teic. mt/ra. ['ycToTa cTosHus
TpaB ceMelcTBa MATIMKOBBIE cokpaTmiack B 2018 r. B cpenem Ha 1215,0 Thic./Ta.

3TO MOXHO OOBSCHHUTH TEM, YTO NPU MPUMEHEHHH Pa30pOCHOTrO crocoba mocesa
K HayaJly BTOPOTro rojia *HU3HU 6000BbIE 3HAUNTENIHHO MMOAABISAIOT MATIUKOBBIE.

B 2017 r. 6s110 mpoBeneHo 2 ykoca — 15.07 u 15.08. Ha pucynke 1 npencraBneHa
YPO’KalHOCTb 3€JICHOI MacChl TPABOCMECH IO BapUAHTAM OIIBITA.

ITo pe3ynpTaTtam nepBoro roja U3y4eHust BUIHO, YTO MPH UCIIOJIb30BAHUH MEJIKO-
JCTIEPCHOTO OPOIICHHUsI pa30pOCHOM Croco0 moceBa okasajcsi 6osiee MPOyKTUBHBIM,
YeM PsI0BOM: YPOXKAHHOCTD 3€JICHOM MacChl TIPH UCTIONB30BAHUH PAa3OPOCHOTO Criocoda
1oceBa MPEBBICHIIA aHAJIOTHYHBIN TIOKa3aTenb Ha 31,7 T/ra Mo cpaBHEHUIO C PSAIOBBIM
crocobom nocesa. Ha BapuaHTe omnbiTa ¢ NEPUOJAUIECKUM 3aJIMBOM CIIOCOO ITOceBa
HE OKa3aJl 3HAYUTEIILHOTO BIMSHUS Ha MPOAYKTHBHOCTH TPABOCMECH U 3HAYECHUSI ITOTO
nokasareiis OJu3Kku 1mo 3HaueHusM — 65,0 T/ra npu psmoBoM moceBe U 65,9 1/ra
pu pa3OpOCHOM.

80 1 _

60 A

40 | OPapoBon
= ; B Pa36pocHoW

A

0 T ;

CnpuHKnepsbl 3anus

Puc. 1. YpoxanHOCTb 3eN1€HOI Macchl N0 BapuaHTam onbiTa, T/ra,
®reHY «MADHL, PAH», 2017 1.
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Fig. 1. Grass yields in 2017, t/ha (CAFSC of the RAS)

Jia onpeneneHust yposkalHOCTH Ha OMBITHBIX JAesiHKax B 2018 r. Obu10 mpoBe-
neHo 5 ykocos: 21.05, 22.06, 23.07, 22.08 u 25.09.

JlaHHBIE 10 YPOXKAHOCTH 3€JICHOM MacChl TPAaBOCMECH TI0 BApHUAHTAaM OIIbITa Tpe/-
CTaBJIeHBI Ha puC. 2. V3 MoTy4YeHHBIX TaHHBIX BUAHO, 4TO, Kak U B 2017 r., pa30pocHoii
croco0 1nocesa MpH NPUMEHEHUH CIIPUHKIIEPOB OKazajcs 0ojiee ypokaiiHbIM. B 3Tom
BapuaHTe ONbITa OBUIO OTMEYEHO MaKCUMAIILHOE 3HaYeHUE ypoxaiiHocT — 93,0 T/ra,
4yto Ha 37,2 T/ra BhIIIE, YeM NPHU MCIIOJIb30BAaHUH PSIOBOTO CIIOCOOa moceBa.
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Puc. 2. YpoxaliHOCTb 3e/1eHOM MacChbl N0 BapuaHTaMm onbiTa, T/ra,
®reHY «MNAPHL, PAH», 2018 r.
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Fig. 2. Grass yields in 2018, t/ha (CAFSC of the RAS)
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VYposkaifHOCTh TpaBOCMECH Ha 3ajiiBe OblIa caMOi HU3KOH B OIbITE Ha BCEX CIIO-
cobax nocesa M OTJIMYANAch HECYLIIECTBEHHO — 55,6 T/ra mpH ps0BOM cIioco0e rmoceBa
u 55,2 T/ra npu paz0GpoCHOM MOCEBE.

JlucniepcroHHbIN aHaN3 1BYX()AaKTOPHOT'O OIBbITA 10 YPOXKaHHOCTH 3€JIEHONH MacChl
U3y4aeMbIX TPAaBOCMECEH OKa3all JO0CTOBEPHOCTh MOJIY4YEHHbIX Pe3yIbTaTOB.

BbiBOAbI

Ha BrOpoii rox Bereranmuu rycrora CTOSHUSI pacTeHHIl cemelcTB 0000BbIE
Y MSTJIMKOBBIE YMEHBIIMIACh HA BCEX BapHAaHTAX ONbITa. B cpeHeM IrycToTa CTOSIHUS
TpaB ceMeicTBa 600OBBIE HA BAPHAHTAX C PSAOBBIM CIIOCOOOM MOCEBa YMEHBIINIACH
Ha 76,6 ThIC./Ta, a 3TOT ke NOKa3aTesb y TPaB ceMeiicTBa MATIMKOBbIe Ha 204,3 ThIc./Ta.
Ha BapuaHTax omsITa ¢ pa30pOCHBIM CIIOCOOOM ITOCEBA KOJIMYECTBO PACTCHUI ceMeiicTBa
06000BbIE YMEHBIIWIOCH B cpefHeM Ha 145,0 Toic. mt/ra. ['ycroTa cTOsSHUS TpaB cemei-
CTBa MATJIMKOBBIE coKkpaTuiack B 2018 r. B cpeaneM Ha 1215,0 ThIc./Ta. 3T0 MOXKHO
OOBSICHUTB TEM, YTO IIPU MPHUMEHEHUH Pa30pOCHOro criocoba 1oceBa, K Hayary BTOPOro
rojia >ku3HH, 0000BbIE€ 3HAUMTEIILHO MOIABIAIOT MATINKOBBIE.

Pa30pocHoii criocob rnoceBa okazaicst 6onee ypoxkaitHbIM. Ha yuacTkax ¢ psiioBbIM
crioco00M 1noceBa ypoKaiHOCTb Obljla 3HAYUTEIbHO HUXKE, YeM Ha pa3OpOCHOM —
B CPeHEM IIPOYKTHBHOCTH TPAaBOCMECH HAa Pa30POCHOM CIOCOOE MOCEBa MPEBbIIIAET
9TOT K€ TIOKa3aTelb Ha psiioBoM mocese Ha 40,9 1/ra. YpokailHOCTh TpaBOCMECH Ha 3a-
nMBe OblIa caMOil HU3KOM B OIBITE HA BCEX CIOco0ax MOoceBa U OTJIMYAIACh HECYIECT-
BEHHO — 55,6 T/ra 1pu psloBOM criocode rnocesa u 55,2 1/ra npu pa30poCHOM HOCEBE.

3aknioyeHve

Kiumarnueckue ycnoBus AcTpaxaHCKOH 00JacTH MO3BOJISIOT BbIpAIIMBaTh MHO-
TOJICTHUE KOPMOBBIE TPABOCMECH C BBICOKMMH IOKa3aTENSIMU YPO’KalHOCTH HPH HC-
[I0JIb30BAHUH PA3JIMYHBIX CIIOCOOOB OpOIIEHUs (MEIKOAUCIIEPCHOE, IEPUOINIECKHI
3aJTUB).

Ha Bcex n3y4eHHBIX crioco0ax OpoIIeHHs TPaBOCMECh MOKa3ajla JIOBOJIBHO BBICO-
KYIO YPOXKalHOCTb 3€JICHOM Macchl. Tak Kak BO3/IENIBIBAHUE TAaHHBIX PACTEHUM aKTyallb-
HO JUIsl "KUBOTHOBO/YECKOM OTpaciy PernoHa, TO UCCIIEI0BAHUsI 110 Pa3pabOTKe TeXHO-
JIOTUYECKUX TIPHEMOB €€ BO3/Ie/IbIBaHUs B abHEHIIeM Oy IyT MPOIOKEHBDI.

HNudopmauus o puHAHCUPOBAHMU

Hayunsle mccnenoBanust, pe3ysibTaTbl KOTOPBIX OCBEIEHBI B CTaThe, MPoBOAATCA Ha Oase Denepainb-
HOT'0 FOCyTapCTBEHHOTO 00 keTHOTO Hay4yHoro yupexaeHus «I[TAD@HI] PAH» no teme Ne rocpe-
ructpaunu 115031760009 Ha OroKeTHBIE CPENCTBA.
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Research article

Effect of sowing type and irrigation method
on productivity of legume-bluegrass mixtures
under multiple cutting

Galina K. Bulakhtina*, Alexandr V. Kudryashov,
Natalia I. Kudryashova

Caspian Agrarian Federal Scientific Center of the Russian Academy of Sciences,
Astrakhan region, Russian Federation
*Corresponding author: gbulaht@mail.ru

Abstract. Research objective was to study influence of various irrigation methods and sowing types
on productivity of legume-bluegrass mixtures under multiple cutting. Effect of irrigation methods on produc-
tivity of different perennial forage grasses grown in light brown soils of Northern Caspian region was studied
for the first time. The experiment had two factors — forage grass mixtures (Agropyron pectiniforme, Tri-
folium pratense, Phleum pratense, Festuca pratensis; 25 : 25 : 25 : 25) and various methods of irrigation.
Records and observations were made according to the practical standards of B.A. Dospekhov, I.N. Beydeman
and the Study guide on mobilization of vegetable resources and introduction of arid fodder plants of Williams
Fodder Research Institute. The two-year research resulted in the following conclusions: widespread sowing
turned out to be far more effective compared to drilling and was 40.9 t/ha higher; grass yields under
flooding were the lowest in all sowing variants and differed insignificantly — 55.6 t/ha in drilling and
55.2 t/ha in widespread sowing.

Keywords: grass mixtures, green mass, productivity, sprinklers, periodic flooding, Festuca pratensis,
Medicago sativa, Trifolium pretense
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Yield and quality of potato tubers depending
on a complex of chemicals applied
under radioactive contamination
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Abstract. The influence of chemicals on productivity and quality of potato tubers cv. Kurazh cultivated
on sod-podzolic sandy soils under radioactive contamination was studied in the south-west of the central
Non-Black Soil Zone of the Russian Federation. Organo-mineral system (manure, 40 t/ha + N,;P;,K,)
applied in complex with chemicals and biological agent Gumistim turned to be the most effective fertilizer
system providing the maximum potato yields during the experiment. Moreover, complex application
of the chemicals increased protein level and decreased starch content in tubers, it also improved amino
acid composition; concentration of heavy metals and specific activity of cesium-137 did not exceed sanitary
and hygienic standards (SanPiN 2.3.3 1078—01).

Key words: potato, yield, marketability, starch, nitrates, heavy metals, amino acids, cesium-137

Introduction

Potato is one of the leading agricultural crops ensuring the country’s food security
to a large extent. In terms of acreage, potato is second after cereals and is the most
popular in the consumer basket of the population used for the production of a variety
of food products. Moreover, it is the most important forage and technical crop [1—3].
The high competitiveness of potatoes and their intended use is largely determined
by a number of quality indicators, the most important of which is the bio-chemical
composition of tubers [4].

One of the factors affecting the productivity, quality indicators of potato tubers
and biochemical composition, is cultivation conditions including soil, climate and optimal
mineral fertilizing throughout the growing season [5].

In order to increase potato productivity, it is necessary to use science-based agricul-
tural practices allowing to optimize fertilizer doses, ratio of nutrients, pesticides, humic
fertilizers [6], which are natural biochemical active substances stimulating growth,
improving plant nutrition, taking part in redox reactions at the cellular level, reducing
radionuclide and heavy metal intake, increasing plant resistance and activating anti-stress
mechanism in plants [7—9].

© Sekirnikov A.E., Sedov V.V., Shapovalov V.F., 2019.
This work is licensed under a Creative Commons Attribution 4.0 International License
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Vast territories in the south-west of the Non-Black Soil Zone of the Russian Federa-
tion are radioactive contaminated, where cesium-137 is the main dose-generating
radionuclide. Therefore, the main task of agricultural producers is to introduce scientifi-
cally-based agrochemical methods into plant cultivation processes that contribute
to reducing transition of *’Cs to marketable products and where potassium fertilizers
play a major role [10—12].

The purpose of the research was to study the complex application of fertilizers,
chemicals and biological agent Gumistim during cultivation of early potato cultivars
grown in sod-podzolic radioactively contaminated sandy soil.

Materials and methods

The field experiments were carried out on the experimental field of Novozybkov
branch of Bryansk State Agrarian University on sod-podzolic, loose-sandy radioactively
contaminated soil in 2013-2017. Arable layer of the soil had the following agrochemical
parameters: pHkcl 6.7—6.9, Ng — 0.51—0.56 mmol-EQ/100 g of soil; absorbed
alkali — 12.2—16.4 mmol-EQ/100 g of soil; mobile phosphorus and exchangeable
potassium (according to Kirsanov) — 370—390 and 76—86 mg/kg of soil, respectively.
Organic matter content was 1.9 to 2.2 (according to Tyurin). The density of *’Cs soil
contamination in the experimental plot was 526—666 kBg/m?”. Early potato cv. Kurazh
was studied in the four-factor experiment, total area of the experimental plot was 90 m?,
and the accounting one was 70 m*. The experiment scheme included the following
variants: control (without fertilizers); manure 80 t/ha; manure 40 t/ha + N,sP;Kq;
NosP3oKoo; NisoPeoKisos NppsPooKs,qp; manure 40 t/ha + N,P, Ky, + pesticides;
N,P; Ky, + pesticides; N, 5,PK,s, + pesticides; N,,PyK,,,+ pesticides; manure
40 t/ha + N,sP;K,, + pesticides + Gumistim; N,;P;K,, + pesticides + Gumistim;
Ni50PeoK g0 + pesticides + Gumistim; N,,sPyK,,, + pesticides + Gumistim.

Such fertilizers as cattle manure, double granulated superphosphate, potassium
chloride were used in the experiments. All the fertilizers were applied in spring during
plowing of the fall tillage. Bioagent Gumistim contains biohumus in the dissolved form:
humins, vitamins, natural phytohormones, succinic acid, micro-and macronutrients
in organic form, and spores of soil microorganisms. The biological agent (6 I/ha) was
used in two terms: the first was combined with chemical pesticides in the budding stage,
and the second — at the end of flowering. Weeds, pests and diseases on potato plants
were controled by the following chemicals: Zencor 50% a.i. — 0.7 kg/ha; Titus —
0.050 kg/ha; Ridomil Gold — 2.5 kg/ha; Sektim Phenomen — 1.25 kg/ha, Aktara —
0.06 kg/ha. Depending on weather conditions, no less than 3 treatments were carried
out during the vegetation period. The farming practice of potato cultivation was generally
accepted for the region. Potato planting was carried out in the third decade of April,
harvesting — in the first decade of August, tuber harvest was weighted. Field and labora-
tory-analytical researches were performed according to the generally accepted methods
in agrochemical service in the center for collective use of scientific equipment and
devices of the Bryansk State Agrarian University [13, 14]. The weather conditions
of vegetation periods in the years of field experiments differed in moisture and tem-
perature. 2014 and 2016 were the most favorable for these indicators, less moisture
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was in 2013, 2015 and 2017, characterized by low soil productive moisture in the arable
soil horizon, insufficient rainfall and uneven precipitation. These circumstances resulted
in fluctuations in potato tuber yields over the research years.

Rezults and dicussion

Potato yield was the lowest in the control variant and averaged 9.3 t/ha
for 5 research years (Table 1).

Table 1
Yield and quality of potato tubers depending on the chemicals applied
(average for 2013—AL2017)
Variant Yield, Clgg]rs:f: d Starcho Protein0 _Protein
t/ha to control, t/ha content, % | content, % | vyield, t/ha

Control without fertilizers 9.3 — 13.0 2.06 0.202
Manure 80 t/ha 20.5 11.2 12.6 2.16 0.469
Manure 40 t/ha + N_.P. K., 25.9 16.6 12.4 2.26 0.640
N, .P. K, 22.0 12.7 12.3 2.15 0.520
NP K. 23.8 14.5 11.8 2.24 0.589
N,,.P. K. 23.0 13.7 11.6 2.34 0.583
Manure 40 t/ha + N_.P. K, + pesticides | 30.7 21.4 12.2 2.41 0.786
N, P. K, * pesticides 23.5 14.2 12.3 2.16 0.553
N.. P.K.. + pesticides 27.8 18.5 12.0 2.25 0.648
N,..P..K,., + pesticides 26.2 16.9 11.7 2.37 0.633
Manure 40 t/ha + NP, K,, + pesti- 35.1 25.8 12.4 2.51 0.876
cides + Gumistim
N..P. K, + pesticides + Gumistim 25.2 15.9 12.4 2.28 0.620
N, P. K., + pesticides + Gumistim 31.1 21.8 12.5 2.39 0.786
N,,.P. K. . + pesticides + Gumistim 27.2 17.9 12.5 2.46 0.726
HCPO5, t/ha 2.7 — 0.64 0.16 —

Organic fertilizer (litter manure 80 t/ha) increased yields of potato tubers by 11.9 t/ha
compared to the control, amounting to 21.7 t/ha. The use of mineral fertilizers in the dose
of Ny5,P¢ K, (according to the number of nutrients, a manure dose of 80 t/ha) resulted
in 23.8 t/ha potato yields, which was 14.5 t/ha higher compared with the control, and
3.3 t/ha higher compared to variant with 80 t/ha of manure. The results indicate a higher
availability of nutrients contained in mineral fertilizers and a higher coefficient of their
use in the first year after application of relatively organic fertilizer. Applying organic
fertilizer (manure 40 t/ha + N.,P,K,,) increased potato yield by 16.6 t’ha compared to
the control, and by 5.4 t/ha compared to organic system (manure 80 t/ha). The use
of higher doses of NPK (N,,;Py,K,;,), especially under deficit soil moisture and high
air temperatures, did not contributed to the adequate increase in potato tubers, the yields
of tubers was at the level of the average NPK dose (N,5,P,K,5,)- Cultivating potato plants
with pesticide application contributed to a further potato yield increase which averaged
1.5—4.8 t/ha. The higher yields of potato tubers were observed while appliing fertilizers,
chemical plant protection means and biological agent Gumistim in complex. On average,
over the research years, the increase in potato yield reached the level of 15.9—25.8 t/ha
under complex use of chemicals in comparison with the control. The highest potato
yield — 35.1 t/ha — in was obtained in the variant with organic-mineral system of fer-
tilizing in combination with pesticides and biological agent Gumistim (manure 40 t/ha +
+ N,sP5Ky, + pesticides + Gumistim).

CROP PRODUCTION 135



Cexupnukog A.E. u dp. Bectank PYJIH. Cepusti: Arporomust 1 xkuBoTHOBOACTBO. 2019. T. 14. Ne 2. C. 133—141

On average over the research years, starch content decreased by 0.5—1.9% under
the influence of the studied means of chemicalization. The applied systems of fertilizer
both at separate, and at complex application promoted an increase in the protein content
of potato tubers from 2.06 up to 2.51%. The protein content of potato tubers increased
on average by 0.13—0.25% under complex use of chemicals. The maximum protein
yield (0.876 t/ha) resulted from organic mineral fertilizing combined with plant protec-
tion means and Gumistim.

Quantitative changes in the amino acid composition of potato tubers depended
on the studied fertilizer systems (Table 2) on average over 5 years. In quantitative terms
aspartic acid and leucine were allocated.

The tubers of potatoes contain the least of histidinum and methionine referring
to irreplaceable amino acids. The largest number of essential amino acids (% of the total
amount of all amino acids), 38.0 and 39.0 %, was obtained in the organic mineral fer-
tilizer system (manure 40 t/ha + N,sP;K,,), mineral (N,5,P,K,5,) in complex with plant
protection means and biological agent Gumistim.

Table 2
The effect of fertilizers, chemicals and Gumistim bioagent
on amino acid composition of potato tubers, tons per 1 kg of dry mass
(average for 2013—2017)
Variants
Manure 40 t/ha +
Amino Acids N7sP3oKgg
Control CNLPK NP K, ++ N75F.)3l?§go + pesticides
75" 30" \e0 + pesticides +%eusr1:|(l3$|tlreins + Gumistim
Alanine 5.82 5.76 5.48 6.88 5.86
Arginine 4.46 4.53 4.62 4.66 4.68
Asparagine 18.42 18.56 18.86 18.88 18.76
Valine* 5.82 5.58 5.64 5.91 5.86
Histidine* 1.29 1.42 1.46 1.53 1.52
Glycine 3.71 3.84 3.88 3.93 3.92
Glutamine 5.09 5.13 5.18 5.22 5.26
Isoleucine* 3.32 3.48 3.53 4.12 3.86
Leucine * 6.92 7.29 7.38 7.42 8.54
Lysine* 4.58 4.66 4.85 5.13 5.26
Methionine* 1.66 1.68 1.72 1.74 1.76
Promin 6.32 6.46 6.56 7.54 6.73
Serine 4.36 4.41 4.46 4.63 4.52
Tyrosine 4.06 4.43 4.48 5.18 4.52
Threonine 3.66 3.84 3.88 3.92 3.90
Tryptophan* 4.36 4.43 4.52 5.21 4.58
Phenylalanine* 3.88 4.26 4.35 5.13 5.09
Amount 87.73 89.73 90.85 95.43 94.62
Essential amino 37.0 37.0 37.0 38.0 39.0
acids, % of total
amino acids

Note: *essential amino acids.

It was established that concentration of heavy metals under the influence
of the applied means of chemicalization changed (Table 2). Thus, concentration of copper
in potato tubers varied on average from 1.35 to 1.46 mg/kg dry mass in the variants
of the experiment.
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Table 3
The content of heavy metals and cesium-137 in potato tubers depending
on the chemicals used (2013—2015)
Content, mg/k Specific .
Variant 99 ACti\F/,ity ¥Cs, Rgduqtlon
Cu Pb Zn Mn Cd BK/kg ratio, times
Control without fertilizers 1.35 0.11 3.86 [11.21 0.01 80 —
Manure 80 t/ha 1.37 0.16 2.583 [10.87 | 0.015 30 2.67
Manure 40 t/ha + NP, K., 1.22 0.12 0.36 [12.04 | 0.015 26 3.08
N, P. K, 1.32 0.08 3.18 9.16 | 0.015 21 3.81
N, P K. 1.43 0.06 3.52 [11.18 | 0.02 20 4.00
N,,.P. K. 1.46 0.22 3.75 [11.56 | 0.025 17 4.71
Manure 40 t/ha + N_,P, K, + 1.12 0.11 2.30 9.97 |0.015 19 4.21
+ pesticides
N, P. K, * pesticides 0.86 0.06 2.12 [10.26 | 0.015 23 3.48
N, P K., + pesticides 0.68 0.06 242 [11.18 | 0.018 18 3.44
N,,.P..K.., + pesticides 1.32 0.13 2.48 |12.45 |0.025 16 5.00
Manure 40 t/ha + NP, K, + 1.06 0.10 2.09 [11.16 | 0.01 17 4.71
+ pesticides + Gumistim
N_.P. K.+ pesticides + Gumistim 0.74 0.06 2.18 [10.17 | 0.012 17 4.41
N...P..K.t pesticides + Gumistim 1.18 0.05 2.22 [10.13 | 0.015 14 5.71
N,,.P. K., + pesticides + Gumistim | 1.26 0.10 2.34 9.60 |0.02 10 8.0
MAC, mg/kg 5.0 0.5 10.0 — 0.03

The introduction of consistently increasing doses of mineral fertilizers resulted
in increase in concentration of copper in potato tubers compared to the control, but its
concentration in tubers did not exceed the marginal acceptable concentration (MAC).

The concentration of lead varied in the range of 0.05—0.22 mg/kg in variants
on average over the research years. Complex application of chemicals (var. 7—14)
contributed to decrease in concentration of lead in potato tubers in comparison
with the control.

Content of manganese in potato tubers varied from 9.16 to 12.45 mg/kg according
to the variants of the experiment, with its concentration in tubers of 11.21 mg/kg.

The potassium content in potato tubers did not exceed the threshold value
(0.03 mg/kg) on average over the research years, and it was within the marginal ac-
ceptable concentration (MAC).

During five-year research specific activity of cesium-137 in the control variant
was 80 Bg/kg (standard 120 Bg/kg). The applied chemicals contributed to the reduction
of specific activity of '*’Cs in potato tubers. The application of organic fertilizer system
(manure 80 t/ha) resulted in 2.67-fold reducing the specific activity of '*’Cs in potato
tubers in comparison with the control. Organic-mineral system of fertilizer caused 3-fold
decrease in specific activity of cesium-137 in potato tubers compared to the control.
The use of the mineral fertilizer system with consistently increasing doses of NPK
reduced the specific activity of '*’Cs in potato tubers by 3.81—4.71 times. The use
of plant protection chemicals has also contributed to the reduction in the specific
activity of *’Cs in potato tubers through biological dilution while increasing the yields
of potato tubers in these variants.

Complex application of chemicals contributed to the reduction of specific activity
of cesium-137 in potato tubers compared to the control variant. The greatest decrease
in the specific activity of *’Cs (8.0 times) was obtained in the variant N,,sRK,,, in com-
bination with pesticides and bio-agent Gumistim (var. 14).
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Conclusions

Thus, while cultivating potatoes in sod-podzolic sandy radioactively contaminated
soil the maximum yields of potato tubers of 31.1 t/ha was achieved by using the organic-
mineral system of fertilizers (manure 40 t/ha + N,sP;,K,,) in complex with plant protec-
tion agents and Gumistim. The applied fertilizer systems, both in separate application
and in combination with the pesticides and Gumistim reduced the starch content
in tubers by 1.5—1.9%, and increased the protein content in tubers on average by 0.13—
0.25%. The maximum protein yield of 0.876 t/ha was ensured the variant with organic
mineral system (manure 40 t/ha + N,,P,,K,,) in combination with pesticides and bioagent
Gumistim. The greatest level of essential amino acids in potato tubers was provided
by the organic-mineral (manure 40 t/ha + N.;P,K,,) and mineral (N,5,P,,K,q,) systems
in combination with plant protection means and Gumistim. The concentration of heavy
metals in potato tubers in all studied fertilizer systems did not exceed MAC. Specific
activity of '*’Cs in potato tubers was reduced from 2.67—8.0 times both in separate
and complex application under the influence of the studied fertilizer systems.
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Hay4Has ctatbs

NMpoAyKTMBHOCTbL M Ka4eCTBO KJ1yOHen KapTodens
B 3aBUCMMOCTM OT KOMIJIeKkca
nPUMeHseMbIX CPEeACTB XMMuU3auuu
B YCJIOBUSIX PaANOaKTUBHOIO 3arpa3HeHns arpoueHo30B

A.E. Cexupuuko*, B.B. Cenos, B.®. lllanoBasnos

BpsHCKMii rocyapCTBEHHBIN arpapHbI YHUBEPCUTET,
Bpsackas obnacts, Poccuiickas @eneparist
*bgsha@bgsha.com

AHHoTanus. B ycloBusX paroaKTUBHOTO 3arPsi3BHEHUS CETbCKOXO03CTBEHHBIX YTOJIMI FOro-3araia
Hentpamsaoro HewepHozembst Poccuiickoit denepanmy m3ydann BIASHUE KOMIDIEKCHOTO MPUMEHEHUS
CPEe/ICTB XMUMH3ALUK Ha MPOYKTHBHOCTh U Ka4eCTBO KITyOHei kaprodens copra Kypaxk, Bo3aenbiBaeMoro
B IUIOZJOCMEHHOM CEBOOOOPOTE Ha AEPHOBO-IIOA30JIUCTON NecuyaHoil nouse. [TokazaHo, YTO B yCIOBUAX
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IPOBOAUMOTO 3KCIEPHMEHTa ONTUMAIBHOI CUCTEMON yHoOpeHus, 00eceunBaroIiell MakCUMaJIbHYIO YpO-
*KalfHOCTh KiTyOHel, oka3anach opraHoMUHepaibHas cucteMa (HaBo3 40 1/ra + N,;P;K,,), npumensemas
B KOMILIEKCE C XHMHYECKIMH CPEICTBAMH 3aIl[UTHl PACTEHUH OT BPEAHBIX OPraHU3MOB H OHOIpErapaToM
I'ymuctum. OTMEUEHO, YTO MOA BIMSHUEM KOMIUIEKCHOTO NIPUMEHEHHS U3Y4aeMbIX CPEICTB XUMU3ALUH
HOBBIIIATACh OEIKOBOCTb U CHIDKAIACh KPAaXMAJIUCTOCTh, Y/Iy4Ilaacs aMUHOKUCIIOTHBIM COCTaB, KOHIEH-
Tparys THKEIBIX METaIoB U yJenbHas aKTUBHOCTD Le3HsA-137 He IpeBbIana CaHNTapHO-THTHEHIYe-
ckux HopMmaTtuBoB (CanlluH 2.3.3 1078—01).

KoueBbie ciioBa: kaproderns, ypoxkailHOCTb, TOBAPHOCTh, KpaxMall, HUTPATHI, TSHKENbIe METaJLTHI,
aMHHOKHCITOTHI, 1Ie3uii-137
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BbIHOC 3/1EMEHTOB NUTaHUSNA
M OKYyNnaemMoCTb MUHepaJibHbIX yA00peHun
ypO>Xaem COpTOB O3MMOM MLUEeHULbI
B TEXHOJIOrMAAX pa3HOro YpoBHAA UHTEHCUBHOCTHU

H.51. Peoyx, I1.M. IMoautsiko, B.H. Kanpanos,
E.®. Kucenen

OenepanbHbIN HccaenoBaTenbekuil neHTp «Hemunnoska», noc. HoBouBaHoBckoe,
MockoBckas 0611., Poccuiickas denepanus

AnHoTanus. M3ydeH BBIHOC 3JIEMEHTOB IUTAHHS M OKYIIAEMOCTh MUHEPAIbHBIX YIOOPEHHUH ypoxKkaeM
COPTOB O3UMOW IMIIIEHUIIBI B TEXHOJIOTUSAX Pa3HOTO YPOBHS MHTEHCUBHOCTH. CXeMa OIbITa BKJIIOYaia TpU
CHCTEMBI yI00pEeHHH, pacCUUTAHHBIC HOPMATUBHBIM METOJIOM Ha TPH YPOBHS ypokaiiHocTH (6, 8 1 10 T/ra)
C KOPPEKTHPOBKOW Ha (haKTHYECKOE COJCpKaHHUe TTOABMKHOTO (ocdopa u kanus B mouse. OOpasisl
3epHa M COJIOMBI OTOMpaIN Tepe]i YOOPKOH 10 KaXKJJOMY COPTY M TEXHOJIOTHH, B OTOOpaHHBIX 00pasiax
OTIPENEIISITH COAEPKaHUE DIIEMEHTOB MMUTaHMs. Pe3ynbTaThl aHAIM30B MPUBOIIIIN Ha a0COIIOTHO CyX0e
BeIlecTBO. Pacuer BpIHOCA MUTATEIbHBIX BEIIECTB OCYILECTBILUIN Ha 14 % BrnakHOCTH. BBIHOC 371EMEHTOB
ITUTaHUS U OKYNIAeMOCTh YJIOOPEHHH ypoXKaeM COPTOB O3UMOM MILIEHHUIIBI 3aBUCAT OT T€HETUYECKHX 0CO-
OEHHOCTEHN M TeXHOJIOTHH BO3JENbIBaHMs. [IpH BRICOKOMHTEHCHBHOW TEXHOJIOTHH MEHBIIEH OKYIaeMOCTHIO
yIoOpeHuii xapakrepusoBaiics copt MockoBckast 39—21 kr/kr, Oosbineit — HemunHoBckast 17 —29 Kr/kr.
UeM BbIcoTa cTEOIsI HIKE, TEM MEHBIIIeE 3HAaYCHUE YACIbHOTO BBIHOCA ITUTATEIBHBIX BEIECTB. B 3TOM
OTHOILICHUH BhIeNsieTcs: copT HemunHoBcKast 24, MOCKOIbKY B 0a30Boit Texuonoruu B cymme NPK cocras-
nso 210 kr/ra, uaTeHcHBHOM — 330, BICOKOMHTEeHCHBHOM — 450 Kr/ra. B cpemHeM 3a rofbl ucciezo-
BaHHWI MEHBIINE 3aTpaThl yA0OpeHHuit oTMeueHbl. C pOCTOM MHTEHCHBHOCTH TEXHOJIOTUH, OT 0a30BOU
K BBICOKOWHTCHCUBHOM, BEIHOC U 3aTpaThl yI0OPEHUH YBEIMYHUBAIOTCS, @ UX OKYIIAeMOCTb CHIKAETCS.

KioueBble cjioBa: o3uMas NIICHHIA, BBIHOC 3JIEMEHTOB MHTAHMs, 3aTPaThl, OKYNaeMOCTh y1o0pe-
HU, COPT, TEXHOJIOTHS

Heo6xoauMocTh MpUMEHEHHs COPTOBOM arpOTEXHUKHM NPUMEHUTENBHO K OIpe-
JIeJICHHOMY COpTY OTMeual ellle B Havajue npouutoro croietuss H.M. Basumos [1].
B HacTosee BpeMs TMIIOTe3a 0 HEPABHO3HAUYHOCTH PEAKIUU COPTOB KYJIBTYPHBIX
pacTeHHi Ha TEXHOJIOTUM UX BO3/EIIbIBAHUS MOATBEP)KIACTCS BO MHOTUX padoTax, rue
OTpake€Hbl 0OCOOEHHOCTU COPTOB B HEOJMHAKOBOM Mepe MOTPeOIATh HEMEHTbI MUTaHuUs
13 IOYBBI U y100peHuit [2—o6].

© Pebyx H.A., [Tomuteiko I1.M., Kanpanos B.H., Kucenes E.®., 2019.
This work is licensed under a Creative Commons Attribution 4.0 International License

https://creativecommons.org/licenses/by/4.0/
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['eHeTHKaMu U ceNeKIMOHEpaMU TIOCTOSIHHO CO3Jal0TCsl HOBBIE cOpTa ¢ OoJiee BbI-
COKUM MOTEHIMAJIOM YPOXKasi U YJIydllIeHHEM €ro KauecTBa, B IPAKTHKE paCTEHUEBO/I-
CTBa IPOUCXOAUT MOCTOSIHHAsE COPTOCMEHA. BBICOKONPOIyKTHBHBIE cOpTa OOBIMHO 00-
Ja7atoT U BBICOKOM TpeOOBaTENbHOCTHIO K YCIOBUAM pocTa. B pe3yspTare BOZHUKAET
HEOOXOAUMOCTb PETYJIIPHOM KOPPEKTUPOBKU PACUETHBIX KOIPPUIIMEHTOB MpU OIpe-
JEJICHUH 103l yJ0OpEHUH B 3aBUCUMOCTH OT OCOOEHHOCTEH KOPHEBOT'O MTUTAHHS HOBBIX
COpTOB.

B ocHoBe pa3paboTaHHbIX 0aTaHCOBBIX METOJOB pacueTa /103 y100peHuil exar
KO3 (PUIIMEHTHI UCIIOIb30BAHMS PACTCHUSIMU 3JIEMEHTOB NUTAHUS U3 MOYBBI U yJ100pe-
HMH C y4eToM BblHOca [7]. M3-3a 3HaUNTENbHOIN MX BapHaOeIbHOCTH B Pa3HBIX ITOYBEH-
HO-KJIMMaTHYECKUX YCIIOBUSIX MOJ] BIMSAHHUEM OMOTHYECKHX U aOMOTHYECKUX (haKTOPOB
B [IOCJIEZIHUE TOJIbI 3T METO/bI HE PEKOMEHAYIOTCS IPH IUIAHUPOBAHUU NPUMEHEHUS
MHHEpabHBIX y100peHui. [lepcreKTUBHBIMU MTOKa3aTeNsIMU [IPU pacdeTe CIeIyeT Cuk-
TaTh: K03((UIMEHT BO3MEIIEHUS BBIHOCA M HOPMATUB BbIHOCA [8].

B Hacrosiee Bpems HopMaTHBHast 6a3a 17151 HAyYHOTO 0OOCHOBAaHUS 7103 MUHEPAJIb-
HBIX Y1I00pEHHI ¢ y4eTOM I'eHEeTUUECKOM celM(UKN MUHEPAIbHOTO MTUTAHHUS OTIEIbHO
B3SITOTO COPTa OTCYTCTBYET. Takue rmoka3aTesy Kak HOPMAaTHBbI 3aTpaT yA00peHU
Ha TOJIy4eHHE Yporkas, HOPMAaTHBBI BEIHOCA 3JIEMEHTOB ITUTAHUS CAUHHULIEH ypoxkKast
He nuddepeHpoBaHbl 110 COpTaM, a pa3paboTaHbl JHIIb IPUMEHUTEIBHO K OT/ICIBHO
B3ATON KYJIbTYpPE, YTO HE I03BOJISIET CEJIbXO3MPONU3BOIUTENIO B COBPEMEHHBIX PHIHOY-
HBIX YCJIOBHUSIX pacCUUTaTh NOTPeOHOCTH copTa B yaoopenun. HecomHeHHo, cucrema
yII00peHNii TOJDKHA pa3pabaThIBaThCs HE K KAKOH-TO OTJEIBHON KYJIBTYpE, a C yUETOM
0COOEHHOCTEN KOHKPETHOTO COpTa. JTO MO3BOJIET PALIMOHAIIBHO HUCIIOIb30BaTh MUHE-
painbHbIe y100peHus, 10 BO3MOKHOCTH CHU3UTh IPOU3BO/ICTBEHHBIE 3aTPaThl U Ooee
[IOJIHO PACKPBITh COPTa KaK 3JIEMEHT TEXHOJIOTMH IO MPOAYKTUBHOCTH M Ka4ECTBY
3epHa. DTON aKTyaJpHEHIIeH mpobaeMe 1 MOCBSIICHBI HALTK UCCIIEI0BAaHUS.

MaTtepuansl u meTOAbI

UccnenoBanus npoBomin Ha noisix MockoBckoro HUMCX «HemunHoBka» B cTa-
[MOHAPHBIX ONBITAX, PA3MEIIAEMBIX B MISTUIIOIHHOM CEBOOOOPOTE, B KOTOPBIX U3ydallld
PEaKIMI0 COPTOB O3UMOM MIICHUIIBl HA TPUMEHSIEMbIE TEXHOJIOTUH: 0a30BYI0, HHTEH-
CHBHYIO U BBICOKOMHTEHCHBHYIO, OTJIMYAIOIIMXCS YPOBHEM MPUMEHEHUS] MUHEPATbHBIX
YAOOpEHUH U CPEICTB 3alUTHl PACTEHUH.

[TouyBa Moz cTalMOHAPHBIMU OTBITAMH — JIEPHOBO-TIOI30JIUCTAST CPETHECYTITMHU-
CTas, UMEIOLIas CIEAYIOLUe arpoXxumMuieckue nokasarenu: pHyq, 5,6—6,3; rymyc —
1,8—2,0%; Hr — 1,16—1,34 mmonn/100 1; conepxkanue noxsmxHoro ¢ocdopa u ka-
st 274—316 u 110—137 mr/kr noussl (o KupcanoBy). MOITHOCTh Max0THOTO
ropu3oHTa — 20—22 cM. IIIIOTHOCTE CII0’KEHUS IOYBBI B PABHOBECHOM COCTOSIHUM —
1,20—1,35 r/cm’. Cucrema 06paboTKHU OYBBI — KOMOMHHUPOBAHHAS.

B onelTax wM3ydanu copTra O3MMOM MIIEHHUIBI CEIEKIMHM MOCKOBCKOrO
HUNCX «HemunnoBka»: Mockosckas 40 (st.), Hemunnosckas 17, HemunnoBckas 24,
Hemunnosckas 57, MockoBckas 56, MockoBckas 39 u I'anuHa.
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Cxema onbITa BKJIIOYAIa TPU CUCTEMBbI y100peHHH, pacCUMTaHHbIE HOPMAaTUBHBIM
METOZIOM Ha TpH YpOoBHs yposkaitHocTu (6, 8 u 10 T/ra) ¢ KOppeKTUPOBKOM Ha (pakTHde-
CKO€ coziepkaHue MoaABMKHOTO dochopa n kamust B mouse. [103b1 a30THBIX y00peHuit
B MMOJIKOPMKY YTOYHSUIMCH 10 Pe3yJIbTaTaM PacTUTENbHOW nuarHocTuku [9]. B urore
oOmue 1036l MUHEPATbHBIX yIOOPEHUH COCTABISUIH: MO 0a30BOM TEXHOJIIOTHH —
N30P60K90 mpu ocHOBHOM 00padoTke mouBbl 1 N30 B mogkopMKy (BecHOH B (hazy
KYyILIEHUsI ); IO UHTeHCUBHOM — cooTBeTcTBeHHO N30P90K 120 1 N60 (dpasa kymienue),
N30 (da3za BbIxoaa B TpyOKY); 10 BBICOKOMHTEHCUBHOM TexHonoruu — N30P120K 180 +
N60 (dhaza kymenne) + N30 (pasa Berxoga B Tpyoky) + N30 (kosomieHue).

OOpa3ip! 3epHa U COIOMBI OTOMpaIH Tepe YOOPKOH M0 KaKIOMY COPTY U TEXHO-
JIOTHH, B KOTOPBIX OMPEACISUIN COJICp)KaHUE SIEMEHTOB NMUTaHUs. Pe3ynpTaTsl aHa30B
NPUBOIMIN HA a0CONIOTHO CYyXO€ BEIIeCTBO. PacueT BhIHOCA MUTATEIBHBIX BEUIECTB
ocytiecTBisUd Ha 14% BIIaXKHOCTb.

PesynbTaThbl U NX 00CYXXaeHue

JIJ1st pacueToB MCIOJIb30BaHbl JAHHBIE TIOJIEBBIX OMBITOB C BBIIICYKAa3aHHBIMHU
COpTamMu O3MMOM MILIEHULBL, IPOBeAeHHbIX B 2012—2017 rr.

VY CTaHOBIIEHO, YTO C pOCTOM MHTEHCUBHOCTH BO3/IEJIBIBAHUS Y BCEX COPTOB COAEP-
YKaHUE HJIEMEHTOB MUTAHUS B 3€PHE U COJIOME M UX BBIHOC HA €AMHMILY IPOAYKIUHU
3HAYUTENbHO MoBbIMaTcs (Tadmn. 1). CranmaptHbIil copr MockoBckas 40 mpu BeIpa-
[IMBaHUM 110 0A30BOM TEXHOJIOTUH B 3epHE coaepskan 2,23 % o011ero a3ora U BBIHOCHI
24,5 xr Ha 1 ToHHy npoxykuuu. I[Ipy MHTEHCUBHOM U BBICOKOMHTEHCUBHOM TEXHOJIOTUSIX
9TH TOKA3aTeN yBenuuuBaroTes 10 2,39—2,66% u 26,9—31,2 kr/1. Cnexyer OTMETHTh
NPaKTHYECKU OJIMHAKOBOE MOTPEOIeHNE a30Ta B CPAaBHEHUH CO CTAaHAAPTOM COPTOM
Hemuunosckast 17. Ilo 6a30BO#l TEXHOJOTHU B 3€pPHE ITOTO COPTa COMEPHKAIOCH
2,25% a3o0Ta, 10 BRICOKOMHTEHCHBHON — 2,60%, COOTBETCTBEHHO BBIHOC COCTABIISLI
25,7 u 30,1 kr/T npoaykuuu. Eciiu cormocTaBUTh JaHHBIE B CPEIHEM 110 TEXHOJIOTHUSIM,
TO B OCHOBHOM MPOIYKIMH 3TUX COPTOB HakarumBanoch 2,43% azora npu yJaeiabsHOM
BBIHOCE 27,5—27,8 KI/T.

BcnenctBue copToBhIX 0COOEHHOCTEH, B 3epHe HemunHoBckoit 24 copepikanue
a30Ta M3MEHSUIACh 1o TexHoNorusm ot 1,97 no 2,38%, a BBIHOC TOHHOHN MPOAYKIIUEH —
ot 20,9 1o 25,6 T/ra, T.e. B CpeJTHEM HOPMATHBHBIN BEIHOC ObLT MeHbIe Ha 16% B cpaB-
HeHUM ¢ copToM MockoBckas 40.

ITo 6a30BOIt TEXHOJIOTHH B 3€pHE OCTAJIBHBIX YeThIpex copToB HemumnnoBckas 57,
MockoBckast 56, Mockosckast 39 u I'anuna conepxkanocs 2,02—2,13% a3ora, 1o BbI-
COKOUHTEHCUBHOM — 2,46—2,67%. MeHee Bcero B cpeJlHEM IO TEXHOJOTHSIM a30Ta
B 3€pHE HaKaIuIMBajoch y copta ['anmuna — 2,29%. BeiHOC nipu 6a30B0i TEXHOIOTHH
BapbupoBai ¢ 23,0 kr/T y copra Mockosckast 39 o 23,8 xr/tr — HemunnoBckas 57.
[To BEICOKOMHTEHCHBHOM TEXHOJOTHH MOKa3aTeNb, HA000POT, U3MEHsUICS C 28,5 KI/T
y copta Hemunnosckas 57 no 30,8 kr/T — MockoBckoii 39. B cpeaHem mo TexHOJ0-
THSIM IO 3THM COPTaM HOPMATHUBHBIA BBIHOC a30Ta ObUI MHHUMAJbHBIM y copTa ['a-
auHa — 26,1 1o 26,8 kr/T y copra MockoBckas 56.
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Tabua 1

CopepxaHue 3/IeMEHTOB NUTAHUS B OCHOBHOW U NOOOYHOM NpoAyKLuUmu
COPTOB 03MMOW MNLIEeHNLbI U BBIHOC UX ypoXxaem (cpepHee 3a 2012—2017rr.)

CopepxaHue, B
% Ha abCONIOTHO CyXOe B-BO bIHOC ypOXaem 3epHa
Tex- C y4eToM noboyHoM,
Coprt Hono- Kr/T
3epHo conoma

rma

N | PO, | KO N | PO, | KO N | PO, | KO

Mockosckas 40 (st.) 1 2,23 0,77 0,55 0,54 0,20 1,65 24,5 8,7 21,2

2 2,39 | 0,85 0,58 | 0,60 | 0,27 1,82 26,9 10,2 | 24,3

3 2,66 | 0,87 | 0,61 0,71 0,37 | 2,04 | 31,2 11,8 | 28,8

CpepHee 2,43 | 0,83 | 0,58 | 0,62 | 0,28 | 1,84 | 27,5 | 10,2 | 24,8

HemunHosckas 17 1 2,25 | 0,76 0,54 | 0,58 | 0,23 1,76 25,7 9,0 23,0

2 2,43 | 0,81 0,57 | 0,62 | 0,28 | 2,01 27,6 10,0 | 26,5

3 2,60 | 0,88 | 0,58 | 0,73 | 0,34 | 2,31 30,1 11,2 | 29,3

CpepHee 2,43 | 0,82 | 0,56 | 0,64 | 0,28 | 2,03 | 27,8 | 10,1 | 26,3

HemunHoBsckan 24 1 1,97 | 0,71 0,56 | 0,50 | 0,19 1,72 20,9 7,6 18,4

2 215 | 0,77 | 0,58 | 0,55 | 0,25 | 1,89 | 22,9 8,7 20,4

3 2,38 | 0,80 | 0,60 | 0,57 | 0,37 | 2,16 | 25,6 10,2 | 24,7

CpepHee 2,17 | 0,76 | 0,58 | 0,54 | 0,27 | 1,92 | 23,1 8,8 21,2

HemunHosckas 57 1 2,12 | 0,76 0,55 | 0,55 | 0,21 1,64 23,8 8,7 21,3

2 2,35 | 082 | 0,57 | 0,59 | 0,26 | 1,83 | 26,4 9,8 23,9

3 2,46 | 0,88 0,60 | 0,68 | 0,33 | 2,04 | 28,5 10,9 | 271

CpepHee 2,31 | 0,82 | 0,57 | 0,61 | 0,27 | 1,84 | 26,2 9,8 241

MockoBckas 56 1 2,13 0,77 0,55 0,57 0,17 1,64 23,4 8,1 19,4

2 2,42 0,81 0,57 | 0,65 | 0,23 1,78 27,3 9,2 22,6

3 2,57 | 0,82 0,60 | 0,72 | 0,31 1,93 29,7 10,3 | 254

CpepHee 2,37 | 0,80 | 0,57 | 0,65 | 0,24 | 1,78 | 26,8 9,2 22,5

MockoBckas 39 1 2,08 0,72 0,54 0,52 0,20 1,65 23,0 8,2 20,9

2 2,33 | 0,79 0,56 | 0,60 | 0,25 1,80 26,2 9,4 23,5

3 2,67 | 0,83 0,57 | 0,70 | 0,34 1,96 | 30,8 10,9 | 27,0

CpepHee 2,36 | 0,78 | 0,56 | 0,61 | 0,26 | 1,80 | 26,7 | 9,5 | 23,8

lanunHa 1 2,02 | 0,75 0,57 | 0,54 | 0,19 1,69 23,5 8,1 19,7

2 2,36 | 0,80 0,59 | 0,63 | 0,25 1,79 26,2 9,1 211

3 250 | 085 | 0,62 | 0,75 | 0,28 | 2,06 | 28,6 9,9 24,4

CpepHee 2,29 | 0,80 | 0,59 | 0,64 | 0,24 | 1,85 | 26,1 | 9,0 | 21,7

lMpumedaHne: 1 — 6a3oBas (N6OP60K90); 2 — nHteHcuBHas (N120P90K120); 3 — BbICOKOMHTEHCUBHAs
TexHonorus (N150P120K180).
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Nutrient content in grain and by-products of winter wheat varieties
and nutrient removal (average for 2012—2017)

Table 1

Content, % on absolutely dry matter

Total removal

. Tech- . including

Variety nology grain straw by-products, kg/t
N P,O, K,O N PO, K,0 N PO, K,O

Moskovskaya 40 (st.) 1 223 |0.77 |055 |054 |0.20 (165 |245 |87 21,2
2 239 |0.85 |0.58 |[0.60 |0.27 (1.82 |26.9 |10.2 |24,3

3 266 [0.87 |0.61 0.71 0.37 |2.04 |[31.2 |11.8 (28,8

Average 2.43 |0.83 |0.58 [0.62 |0.28 (1.84 |27.5 |10.2 |24.8
Nemchinovskaya 17 1 225 |0.76 |0.54 |058 |0.23 (1.76 |25.7 |9.0 23,0
2 2.43 10.81 0.57 |0.62 |0.28 |2.01 276 |10.0 |26,5

3 260 |0.88 |0.58 |[0.73 |0.34 |2.31 30.1 11.2 29,3

Average 2.43 |0.82 |0.56 [0.64 |0.28 [2.03 |27.8 [10.1 |26.3
Nemchinovskaya 24 1 1.97 0.71 0.56 0.50 0.19 1.72 20.9 7.6 18,4
2 215 |0.77 |0.58 |0.55 |0.25 (1.89 |229 |8.7 20,4

3 238 |0.80 |0.60 |[0.57 |0.37 (216 |25.6 |10.2 |24,7

Average 2.17 |0.76 |0.58 [0.54 |0.27 (1.92 |23.1 |8.8 21.2
Nemchinovskaya 57 1 2.12 0.76 0.55 0.55 0.21 1.64 23.8 8.7 21,3
2 235 |0.82 |0.57 |059 |0.26 (1.83 |264 |9.8 23,9

3 246 |0.88 |0.60 [0.68 |0.33 [2.04 |285 [109 |27,1

Average 2.31 |0.82 |0.57 [0.61 |0.27 (1.84 |26.2 |9.8 24 .1
Moskovskaya 56 1 213 |0.77 055 |0.57 |0.17 |[1.64 |23.4 |81 19,4
2 242 10.81 0.57 |0.65 |[0.23 |1.78 [27.3 |9.2 22,6

3 2,57 [0.82 |0.60 |[0.72 |0.31 1.93 |29.7 (103 |254

Average 2.37 |0.80 |0.57 [0.65 |0.24 (1.78 |26.8 |9.2 22.5
Moskovskaya 39 1 208 |0.72 |0.54 |052 |0.20 (165 |23.0 |8.2 20,9
2 233 |0.79 |0.56 [0.60 |0.25 ([1.80 |26.2 |94 23,5

3 267 |0.83 |0.57 |[0.70 |0.34 (196 |30.8 |[10.9 |27,0
Average 2.36 |0.78 |0.56 [0.61 |0.26 (1.80 |26.7 |9.5 23.8
Galina 1 202 |0.75 |0.57 |0.54 |0.19 [1.69 |23.5 |8.1 19,7
2 236 |0.80 |0.59 |0.63 |0.25 |[1.79 |26.2 |91 21,1

3 250 |0.85 |0.62 |0.75 |0.28 (206 |28.6 |9.9 24,4
Average 2.29 |0.80 |0.59 [0.64 |0.24 (1.85 |26.1 |9.0 21.7

Note: 1 — standard (NP, K,,); 2 —intensive (N, Py K,,.); 3 — high-intensity technology (N, 4P ,0K.s)-

146

PACTEHHUEBOJICTBO




Rebukh NY et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(2):142—153

Pasniuns no conepkanuio ¢pocdopa B OCHOBHOH MPOTYKIMH COPTOB O3UMOI MIiie-
HMILIBI OBIITM MeHee cyiecTBeHHbIe. [1o 6a30Boii TexHONOrMKM HakarmBautoch ot 0,71
1o 0,77%, uarencuBaonr — 0,77—0,85%, BeicokonnTeHcuBHON — 0,80—0,88%.
B cpennem no texHonorusMm MeHslie pocdopa coaepxanocs B 3epae copra Hemuu-
HOBcKas 24 — 0,76%, Gonbliie HakamIuBaioch y copra Mockosckas 40 — 0,83%.
BriHoc ¢ocopa onHON TOHHOM 3epHA C yUETOM MOOOYHOM MPOAYKLUH TaKKe UMET
pasznuyus Kak Mo copTram, Tak U TexHoiorusM. Ecnu ¢ ypoxkaem copra HemunHoB-
cKas 24 ¢ MOBBIIIEHHEM MHTEHCHBHOCTH BO3/IENBIBAHMS BEIHOC cocTaBisut 7,6—10,2 kr/t,
TO, Hampumep, 1o copty MockoBckas 40 on pasusuics 8,7—11,8 kr/T, copry Hemun-
HoBckast 17 — 9,0—11,2 kr/T, Mockosckast 39 — 8,2—10,9 kr/t, MockoBckast 56 —
8,1—10,3 xr/t, Hemunnosckas 57 — 8,7—10,9 kr/t, ['amuna — 8,1—9,9 kr/1. B cpen-
HEM TI0 TEXHOJIOTHUSM COTIOCTaBUMBIMU MOKA3aTEsIMU YIIEJILHOTO BhIHOCA (ochopa
BhIZICISUTHCH copTa HemunnoBckas 24 u [Nanmna (8,8—9,0 xr/T), HemunnoBckas 17
n Mockogckas 40 (10,1—10,2 kr/T), Mockorckas 39 u HemumnoBckas 57 (9,5—
9,8 xr/T).

Paznuuus no copepkaHuio Kajius B 36pHE COPTOB O3UMOM MIIEHUIIBI 10 TEXHO-
JIOTHUSAM BO3JICJIBIBAHUS MEHEE 3aMETHBI. B cpeqHeM Mo TEeXHOJIOTHSM KoJeOaHUs
coctasisuii oT 0,56 10 0,59%. U3BecTHO, YTO OOMIBIIIE KAIHS HAKAIIIIMBAETCS B COJIOME.
C MOBBILICHUEM 103 BHECEHHS KATMIHHBIX YIOOPEHUI CO/IepKaHKe KajHs B COJIOME yBe-
nuauBanock. Hanbonbmuit poct otmeyancs y copta HemunnoBckas 17, y KoToporo
[IPU BBICOKOMHTEHCUBHOW TEXHOJIOTHM KaJusl Hakamuinaioch 2,31% — Bbllle, yeM
y copta Mockosckas 40, Ha 0,27%. ConocTaBUMbIMH 3HAYEHUSIMU HAKOIUIEHUS B Cpe/l-
HEM 10 TEXHOJIOTUSAM XapaKTepu3oBainuch copra MockoBckas 39 u MockoBckas 56
(1,78—1,80%), Mockosckas 40, Hemuunosckast 57 u 'anuna (1,84—1,85%). YV xopot-
KoctebenbHoro copra HemunnoBckast 24 copepkaHue Kajaus B COJIOME COCTABIISIIO
B cpenneMm 1,92%.

bonbiie kanus BeiHOCWI copT HemumHoBckas 17 — B cpenHeM 26,3 Kr/T.
VY 3Toro ke copra ¢ pOCTOM MHTEHCUBHOCTH TEXHOJIOTHH YIIEIbHBIM BEIHOC YBEINYH-
Basics ¢ 23,0 mo 29,3 xr/t. OxHOM TOHHOU MpoayKuei copra MockoBckas 40 BbI-
HOCHIIOCh OT 21,2 mo 28,8 Kr Kanus. Y OCTalbHBIX COPTOB 3HAYCHUS OBIITN HUXKE,
a HAMMEHBIIMMHU B CPEIHEM I10 TEXHOJIOTUsAM Y copToB HemunHoBckas 24 u ['annna —
cootBeTrcTBeHHO 21,2 11 21,7 Kr/T.

YcTaHoBIIEHa CBSA3b HOPMAaTUBHOTO BBIHOCA C J103aMH a30Ta, Gocdopa U Kausl.
ITpu BEIOOpKE MO KaxJ0My copTy 15 map mosryueHa TecHasl JMHEHHas KOppessius.
VYpaBHeHus perpeccur npuBeieHb B Ta0i. 2. BerHoc a3oTta Ha 59—67% 3aBucen oT 103
NPUMEHEHUS a30THBIX ynoOpenuii, pochopa — Ha 65—96% 0T 103 PochopHBIX
ynoopenui, kamst — Ha 66—92% ot 103 KanuitHbIX yoopenuit. [Ipu stom ko3 puru-
€HT BapHaluyu }J HOpPMaTHUBHOI'O BBIHOCA a30Ta U3MeHsIcA OT 7,9% y copra HemunHoB-
ckast 17 o 15,4% — MockoBckast 39. BapuaGenbHOCTh 3HaY€HHIT HOPMAaTHBHOTO BHIHOCA
¢docdopa no copram coctapisiia 9,7—13,7%. MeHbliieil BETMYNHON XapaKTepHU30BaJICT
copt ["anmna, 6onbieit — Hemunnosckas 24. Koadduiment Bapuaiin HOpMaTUBHOTO
BbIHOCA Kanus uaMensuics ot 10,6% y copra Hemunnosckas 57 no 15,1% — Hemuu-
HOBCKas 24. Bce nomyueHHbIe KOAPQUITEHTH COOTBETCTBYET AOMYCTUMOM (CpemHei)
W3MEHYUBOCTH.
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Tabnvua 2
3aBMCUMOCTMU yAeJIbHOro BbIHOCA OCHOBHbIX 3JIEMEHTOB NUTaHUA Y, Kr/T,
ypOXXaeM OCHOBHOW U NOGOYHO NPOAYKLUM COPTOB 03MMOIA NLLEHULbI
OT 03 a3oTa, pocodopa n kanus x, Kr/ra
Copt YpaBHeHME perpeccumn Koapduument Koapduument :
Koppensauum R netepmuHaunm R
Mockosckas 40 (st.) ¥,=0,068x + 19,94 0,77 0,59
Yooos = 0,051x + 5,61 0,98 0,96
Y0 =0,065x + 15,25 0,96 0,92
HemuunHoBckasa 17 ¥,=0,045x + 22,78 0,80 0,64
Yoo0s = 0,036x + 5,93 0,81 0,65
Y00 =0,067x+ 17,56 0,81 0,66
HemunHosckas 24 ¥,=0,048x+ 17,65 0,77 0,60
Yooos = 0,043x + 4,91 0,92 0,84
Yoo = 0,069x + 12,08 0,85 0,72
HemunHosckas 57 Y,=0,052x + 20,50 0,80 0,65
Y005 = 0,036x + 6,53 0,89 0,80
Yoo =0,062x+ 15,97 0,96 0,92
HemuunHoBckas 56 Y,=0,069x + 19,14 0,82 0,67
Yop0s = 0,036x + 5,93 0,96 0,91
Y0 =0,064x + 14,08 0,89 0,79
Mockosckas 39 Y,=0,081x+17,72 0,77 0,59
Yooos = 0,045x + 5,40 0,96 0,92
Yo =0,062x + 15,45 0,96 0,92
[anuHa ¥,=0,070x+ 17,84 0,81 0,65
Yooos = 0,051x + 6,22 0,91 0,83
Y0 =0,053x+ 14,79 0,86 0,75
Table 2

Dependencies of specific nutrient removal ¥, kg/t,
with grain and by-products of winter wheat varieties

depending on nitrogen, phosphorus and potassium doses x, kg/ha

Variety Regression equation Corrglgtlon Deter.m.lnatlog
coefficient R coefficient R
Moskovskaya 40 (st.) Y,=0.068x+ 19.94 0.77 0.59
Y05 = 0.051x+ 5.61 0.98 0.96
Y0 =0.065x+ 15.25 0.96 0.92
Nemchinovskaya 17 Y, =0.045x +22.78 0.80 0.64
Y05 = 0.036x + 5.93 0.81 0.65
Yo =0.067x+ 17.56 0.81 0.66
Nemchinovskaya 24 Y, =0.048x +17.65 0.77 0.60
Y05 = 0.043x + 4.91 0.92 0.84
Y0 =0.069x + 12.08 0.85 0.72
Nemchinovskaya 57 ¥, =0.052x + 20.50 0.80 0.65
Y005 = 0.036x + 6.53 0.89 0.80
Yo = 0.062x+ 15.97 0.96 0.92
Nemchinovskaya 56 Y,=0.069x+ 19.14 0.82 0.67
Y005 = 0.036x + 5.93 0.96 0.91
Yo =0.064x + 14.08 0.89 0.79
Moskovskaya 39 Y,=0.081x+ 17.72 0.77 0.59
Y005 = 0.045x + 5.40 0.96 0.92
Y0 =0.062x + 15.45 0.96 0.92
Galina Y,=0.070x + 17.84 0.81 0.65
Y005 = 0.051x + 6.22 0.91 0.83
Y, =0.053x + 14.79 0.86 0.75
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3atparsl ynoopernit NPK Ha mpon3BocTBO 0/THOI TOHHBI 3€pHA O3UMOM TMIIIEHHUIIBI
MEHEe Pa3InJaIuCh MEXIy COPTaMHU, HO B OOJIbIICH MEpe 3aBUCEIN OT TEXHOJOTHUHU
BO3/ICJIBIBAHUS, TJIABHBIM 00Pa30M OT YPOBHSI IPUMEHEHUSI MUHEPAJIbHBIX YA0OpEeHUi
(tabx. 3). Tak, mo 6a3oBoii Texnonoruu B cymme NPK cocrasmisio 210 kr/ra, MHTEH-
cuBHOM — 330, BeIcOKOMHTEHCHBHOM — 450 Kr/Ta. B cpeHeM 3a rojbl ucciae10BaHnit
MEHBIIINE 3aTPaThl YA0OpeHU OTMEUYeHBI y copta HemumnHoBckas 24. C yBelndYeHnEM
MHTEHCUBHOCTH TEXHOJIOTHH OHU COCTABIISUIH COOTBETCTBEHHO 47, 52 u 61 xr/1. Como-
cTaBUMbIMH 3aTpaTamMu NPK 10 BEICOKOMHTEHCHBHOW TEXHOJIOTHHU BBIACSUIMCH COPTA
Mockosckas 40, HemunnoBckast 17 u MockoBckas 39 — 71—72 kr/t, a Takke copra
Hemunnosckas 56 u HemunnoBckast 57 — 65 u 67 KI/T COOTBETCTBEHHO.

Tabnnuya 3

3aTpaTtbl U OKynaemMocTb MUHepasibHbIX yA00peHuii ypoxaeM COPTOB O3UMOW MLLIEHULbI
cenekuun Mockoeckoro HUMCX «<HemunHoBka» (cpegHee 3a2012—2017 rr.)

Coor | Temwonorun | YPOXEmOETe | Seoanuyte | Qoenocr 1
Mockosckas 40 (st.) 1 6,92 54 33
2 8,49 61 26
3 10,56 72 283
HemunHoBckas 17 1 8,77 58 42
2 10,53 64 32
3 12,97 71 29
HemunHoBckas 24 1 7,63 47 36
2 9,10 52 28
3 11,19 61 25
HemuunHoBckas 57 1 7,97 54 38
2 9,86 60 30
3 11,11 67 25
Mockosckast 56 1 8,52 51 41
2 9,63 59 29
3 11,73 65 26
Mockosckas 39 1 6,98 52 33
2 8,10 59 25
3 9,64 71 21
[anuHa 1 7,81 53 37
2 9,09 57 28
3 11,53 69 26
lNMpumevaHne: 1 — 6asoBas (N6OP60K90); 2 — mHTeHcuBHas (N120P90K120); 3 — BbICOKOMHTEHCUBHAs

TexHonorus (N150P120K180).
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Table 3
Costs and payback of mineral fertilizers with harvest
of winter wheat varieties (average for 2012—2017)
Variety Technology Yield, t/ha NCPOKSISEEJZ/? Paybbyaﬁzrcc‘ejstgkl;PK
Moskovskaya 40 (st.) 1 6.92 54 33
2 8.49 61 26
3 10.56 72 23
Nemchinovskaya 17 1 8.77 58 42
2 10.53 64 32
3 12.97 71 29
Nemchinovskaya 24 1 7.63 47 36
2 9.10 52 28
3 11.19 61 25
Nemchinovskaya 57 1 7.97 54 38
2 9.86 60 30
3 11.11 67 25
Nemchinovskaya 56 1 8.52 51 41
2 9.63 59 29
3 11.73 65 26
Moskovskaya 39 1 6.98 52 33
2 8.10 59 25
3 9.64 71 21
Galina 1 7.81 53 37
2 9.09 57 28
3 11.53 69 26
Note: 1 — standard (NP, K,,); 2 —intensive (NP, K,,.); 3 — high-intensity technology (N, 4P ,0K,s)-

C yBenuueHHeM 103 NPUMEHEHUS] MUHEPAIbHBIX y100peHuii (0T 6a30B0i TeXHO-
JIOTUM K BBICOKOMHTEHCUBHOM) X OKYNAa€MOCTh YPO’KaeM, KaK MPaBHIIO, CHUYKAIACh.
HawuOonpieid BenmmanHOM 110 6a30BOI TEXHOIOTUH OTIMYaIHCh copta HemunHoBCcKast 17
u MockoBckas 56, coctaBisis cooTBeTcTBeHHO 42 1 41 kr/kr. OKymaeMocTh 3aTpaT
ynobpenuii yposkaem coproB Hemunnosckas 24, Hemunnosckas 57 u 'anuna npu 6a3o-
BOW TeXHOJIOTUU cocTaBisuia 36—38 kr/kr. OMHAKOBbIE 3HAYEHUSI OKYaeMOCTH
(33 kr/kr) momyuens o copraM MockoBckas 40 u MockoBckas 39.

IIpn BBICOKOMHTEHCUBHOI TEXHOJIOIMH MEHbIIEH OKYyNaeMOCTbIO yI100peHui
xapakrepu3oBajics copt MockoBckast 39 — 21 kr/kr, 6osbiieit — HemunHoBckast 17 —
29 Kr/Kr.

3akniyeHve

C noBbIlIIeHHEM WHTEHCUBHOCTH BO3/IENBIBAHUS COPTOB O3UMOM MIIEHHITEI HOpMa-
THBHBII BBIHOC 3JIEMEHTOB IUTAHHS YBEIWYMBACTCSA. JTa 3aKOHOMEPHOCTH TPOCIIEHKH-
BaeTcs 1o BceM coptaM. Hao0opoT, okynmaeMocTh yA0OpeHu# ypoxkaeM oT 6a30BOit
TEXHOJIOTHH K BBICOKOMHTEHCHBHOW cHWMaercs. [Ipu pacuere 103 MHHEpalbHBIX
ya00peHnii HOpMaTHUBHBIM METOIOM CJIEYET YUUThIBATh COPTOBBIE OCOOEHHOCTH O3UMOMN
MIICHUIBI, YCIOBUS MUTAHUS PACTCHUN, arPOXUMUYECKYI0 XapaKTEPUCTUKY MOYBHI,
METEOPOJIOTHYECKHE U TEXHOJIOTUYECKHE (PaKTOPBI.
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Nutrient removal and payback of mineral fertilizers
by harvest of winter wheat varieties
under technologies of different intensity levels

Nazih Y. Rebukh, Petr M. Polityko, Vladimir N. Kapranov,
Evgeny F. Kiselev

Federal research center “Nemchinovka”,
Moscow region, Russian Federation

Abstract. Nutrient removal and payback of mineral fertilizers by harvest of winter wheat varieties
were studied under technologies of different intensity levels in 2012—2015. The design of the experiment
included three fertilizer systems divided into three yield levels (6, 8 and 10 t/ha) adjusted for the actual
content of mobile phosphorus and potassium in the soil. Samples of grain and straw were taken for each
variety and technology before harvesting, nutrient content was determined. Calculation of nutrient removal
was carried out at 14% moisture. Nutrient removal and payback of fertilizers by harvest of winter wheat
varieties depended on genetic characteristics and cultivation technology. Nemchinovskaya and Moskovskaya
varieties had the highest (17—29 kg/kg) and the lowest (39—21 kg/kg) fertilizer payback, respectively,
in high-intensity technology. The lower the stem height, the lower the nutrient removal. The sum of fer-
tilizers (NPK) used by Nemchinovskaya 24 variety was 210 kg/ha in standard technology, 330 kg/ha
in intensive technology, and 450 kg/ha in high-intensity technology. Lower fertilizer costs were noted
on average over the research years. Increasing intensity of technology — from standard to high-intensity —
resulted in increased nutrient removal and fertilizers costs, and their payback decreased.

Keywords: winter wheat, nutrient removal, costs, fertilizer payback, variety, technology
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Ecological functions of forest stands
in urbanized environment of Moscow
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Abstract. In urban forests, stock production is not the main function of stands. Carbon sequestration,
the release of oxygen and phytoncides, dust precipitation, and changing wind conditions et al. are the main
environmental functions. Phyto-organic substances emitted by trees help to reduce the number of microor-
ganisms in air make the air cleaner and fresher. The purpose of the study is to evaluate the ecological func-
tions of forest stands based on long-term observations of the forest stands of the Forest Experimental District
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy. The study used data
about 7 permanent trial plots in natural pine stands, 7 — in pine plantations (planting density — 32 000 trees
per 1 ha), 13 — in larch plantations (planting density — 700—4000 trees per 1 ha), 8 — in oak
stands (natural stands and plantations) and 9 — in birch stands (natural stands and plantations). For a year,
1 ha of forest covered area produces 10 tons of oxygen, and the entire territory of the Forest Experimental
District produces about 2.5 thousand tons of oxygen. In the year, the stands of the Forest Experimental Dis-
trict absorb about 3 thousand tons of carbon dioxide. The forest stands of the Forest Experimental District
are capable of precipitating 135 tons of dust and they emit about 130 tons of phytoncides into the air
during the growing season. Under urban conditions, forest stands are subject to the influence of negative
factors: emissions from industrial enterprises and transport, recreational loads, disruption of natural condi-
tions, and many others. Negative factors lead to a decrease in the performance of ecological functions.
Therefore, in urban forests it is necessary to carry out silvicultural measures to increase the sustainability
and productivity of stands.

Key words: urbanized environment, ecological functions, forest stands

Introduction
In urban forests, stock production is not the main function of stands. Carbon
sequestration, the release of oxygen and phytoncides, dust precipitation, and changing
wind conditions et al. are the main environmental functions. Phyto-organic substances
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emitted by trees help to reduce the number of microorganisms in the air, make the air
cleaner and fresher. In addition, urban forests are the resting place of citizens. The nume-
rical evaluation of the ecological functions of forest stands can be calculated using bio-
logical productivity data. Biological productivity is an integral indicator characterizing
the intensity of biochemical processes occurring in trees.

In forest stands, the intensity of their ecological functions is changed with age.
The long-term data of inventories of permanent trial plots show that the growth of forest
stands does not take place according to the patterns that are reflected in numerous yield
tables [ 1—S5]. Therefore, the study of the dynamics of the ecological functions of forest
stands on the basis of multiple observations on permanent trial plots is becoming espe-
cially important.

The purpose of the study was to evaluate the ecological functions of forest stands
based on long-term observations of the forest stands of the Forest Experimental District
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy.

Materials and methods

The materials for the study were the inventory data of the permanent trial plots
of the Forest Experimental District of the Russian State Agrarian University — Moscow
Timiryazev Agricultural Academy. Forest Experimental District was located in the north
of Moscow. According to the results of the forest inventory in 2009, the area of the Forest
Experimental District was 248.7 ha, including 233.4 ha (93.8 %) covered with forests.
Observations on permanent trial plot have been carried out for more than 100 years.
The study used data about 7 permanent trial plots in natural pine stands, 7 — in pine
plantations (planting density — 32 000 trees per 1 ha), 13 — in larch plantations (plant-
ing density — 700—4000 trees per 1 ha), 8 — in oak stands (natural stands and planta-
tions) and 9 — in birch stands (natural stands and plantations).

Aligned rows of stands were used for the study [2, 3]. Average values for groups
of permanent trial plots were given with a 95% confidence interval. The text for the aver-
age shows the standard error values. Oxygen productivity was determined from the cal-
culation that the formation of 1 t of absolutely dry organic matter led to the release
of 1393 kg of oxygen [6]. The amount of deposited carbon was calculated according
to the conventional methods through a phytomass conversion factor of 0.5. The potential
dust holding capacity was calculated through LAI [7] and data on the deposition of dust
by the leaf surface of trees [8].

Results and discussion

Plants produce oxygen during the process of photosynthesis. Fig. 1 shows the pro-
duction of oxygen by stands, calculated from the net primary production of phytomass.
Natural pine stands (maximum 40 years — 10.9 + 1.0 t-ha"-yr™") and birch stands
(maximum 60 years — 10.3 + 0.8 t-ha'-yr") produce the least amount of oxygen. Pine
plantations with a planting density of 32 000 plants per 1 ha produce more oxygen than
natural pine stands. In pine plantations, the maximum value of oxygen production
is reached at the age of 30 years (23.9 + 0.6 t-ha'-yr'"). Larch stands for 120 years
of growing show quite high values of oxygen production — 16.0 £ 1.1 tha '-yr .
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Fig. 2. Carbon sequestration in available phytomass
and 95% confidence interval

Currently, the average daily value of oxygen production by the stands of the Forest
Experimental District was 27 kg-ha™'. Tree stands produced the maximum amount
of oxygen on favorable summer days. In winter, the amount of oxygen produced was
minimal. In general, for a year, 1 ha of forest covered area produced 10 tons of oxygen,
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and the entire territory of the Forest Experimental District produced about 2.5 thousand
tons of oxygen.

In the process of photosynthesis, forest stands absorb atmospheric carbon dioxide.
In conditions of increasing concentration of carbon dioxide in the atmosphere, the issue
of carbon sequestration in the stands is important. In young stands, the largest amount
of carbon is sequestered in pine plantations with a planting density of 32 000 trees
per 1 ha (Fig. 2). Compared to other forest stands, larch stands sequester the largest
amount of carbon. In 100 years available phytomass contains 222 + 14 t-ha™'. Least of all
carbon stock in natural pine stands (maximum 80 years — 81.3 £ 10.7 t-ha™") and birch
stands (maximum 60 years — 77.0 + 8.7 t-ha™").

At present, on average, 80 tons of carbon are contained in stands for 1 ha of forest
area. In total, the stands of the Forest Experimental District contain about 20 thousand
tons of carbon. The average daily value of carbon dioxide uptake by trees is 35 kg-ha™'.
And in the year, the stands of the Forest Experimental District absorb about 3 thousand
tons of carbon dioxide.

City air contains a large amount of dust and microorganisms. Crowns of trees
contribute to the reduction of dust in the air. For example, dust content in Petrozavodsk
squares is 300—500% less than the average in the city [9]. The dust holding capacity
of trees depends on the leaf area and the morphological characteristics of the leaf.
In the Forest Experimental District, up to 60—70 years, pine plantations with planting
density 32 000 trees per 1 ha (maximum 30 years — 1375 + 30 kg-ha™') and oak stands
(maximum 40 years — 873+57 kg-ha™') had the greatest potential dust holding capacity
(Fig. 3). After 70—80 years, larch stands had the greatest dust holding capacity
(in 100 years — 853 + 57 kg-ha™).

Pine plantations
1400 - Natural pine stands
Larch
Oak
Birch

1200

1000

Dust, kg-ha™!
o]
(=]
o

600

200

20 30 40 50 60 70 80 90 100 110 120
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Fig. 3. Potential dust holding capacity of forest stands
and 95% confidence interval
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On average, 1 ha of forest area of the Forest Experimental District is capable of pre-
cipitating 550 tons of dust. In general, forest stands of the Forest Experimental District
are capable of precipitating 135 tons of dust, which is washed away with precipitation
water into the soil.

In the conditions of cities, an important sanitary and hygienic indicator is the quan-
titative composition of air microflora. Forest stands emit phytoncides and are good regu-
lators of air quality. The canopy of trees is a natural filter where dust particles and micro-
organisms linger. Under the action of volatile microorganisms die and the sediments are
washed into the soil.

The volatile secretions of trees have a positive effect on the cardiovascular, respira-
tory, and nervous systems of humans, and contribute to an increase in immunity. There
is extremely low percentage of people with respiratory diseases and nervous system
disorders in conditions of forest area [10].

As a result of the enlarged assessment, the average daily release of phytoncides
by forest stands of the Forest Experimental District is 3.7 kg-ha™'. The forest stands
of the Forest Experimental District emit about 130 tons of phytoncides into the air
during the growing season. This indicates a high antimicrobial activity of tree stands
and their great importance for the local population.

Under urban conditions, forest stands are subject to the influence of negative factors:
emissions from industrial enterprises and transport, recreational loads, disruption of natural
conditions, and many others. Negative factors lead to a decrease in the performance
of ecological functions. Therefore, it is necessary to carry out silvicultural measures
in urban forests to increase the sustainability and productivity of stands.

Conclusions

The best oxygen-producing and carbon-sequestration functions were expressed
in larch stands, which show high resistance to adverse factors in the conditions of the city.
Least of all these functions were expressed in birch stands, which were characterized
by a high decorative effect. In general, for a year, 1 ha of forest covered area produces
10 tons of oxygen, and the entire territory of the Forest Experimental District produced
about 2.5 thousand tons of oxygen. During the year, the stands of the Forest Experimental
District absorbed about 3 thousand tons of carbon dioxide.

Pine, oak and larch stands were characterized by a high dust holding capacity.
In general, forest stands of the Forest Experimental District were capable of precipitating
135 tons of dust which was washed away with precipitation into the soil.

The forest stands of the Forest Experimental District emitted about 130 tons of phy-
toncides into the air during the growing season. This indicates a high antimicrobial
activity of tree stands and their great importance for the local population.

Under urban conditions, forest stands are subject to the influence of negative factors:
emissions from industrial enterprises and transport, recreational loads, disruption of natural
conditions, and many others. Negative factors lead to a decrease in the performance
of ecological functions. Therefore, it is necessary to carry out silvicultural measures
in urban forests to increase the sustainability and productivity of stands.
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dkonoruyeckme PyHKUNUN ApeBoCTOEB
B YCJIOBUSIX YPOAHU3NPOBaAHHOW cpeabl
Ha npumepe ropoana MockBbl

H.H. Ay0enok, B.B. Ky3smuues*, A.B. JleGenen

Poccuiickuii rocy1apcTBEHHBIN arpapHblii yHUBEPCUTET —
MockoBcKas cenbCKoXo3siicTBeHHas akaaeMus uMeHu K.A. Tumupssena,
Mocksa, Poccuiickas @enepanus
*kuzmichev33valery@mail.ru

AHHoOTanusl. B ropojickux secax npoaylnupoBaHue 3araca He SIBISeTCSI TIaBHOW (YHKIHEH TpeBo-
cToeB. JlenmoHupoBaHue yriepo/a, BIICICHHE KUCIOPoa U (PUTOHIINIOB, OCAXK/ICHUE TbUTH, U3MEHEHHE
BETPOBOTI'O PEKUMa M JPYTHe SIBJISIFOTCS OCHOBHBIMH SKOJOTMUECKMMHU (pyHKUMsIMU. PUTOOpraHUYECKUE
BEIIIECTBA, BHIIEISEMbIC AEPEBBSIMH, CIIOCOOCTBYIOT CHIDKEHHIO KOJIMYECTBA MUKPOOPTaHM3MOB B BO3/IyXE,
JIeJaloT ero uuiie U cexee. Llenb uccienoBannus — OLIEHKA HKOJIOTHYECKUX QYHKIUN JPEeBOCTOEB
[0 MaTepuaiaM MHOTOJETHUX HaONIOJeHHH 3a HacaxxgeHussMu JIecHO# omnbITHON nauun Poccuiickoro
TOCY/IapCTBEHHOT'0 arpapHOro yHUBepcuTeTa — MOCKOBCKasl CeIbCKOX03HCTBEHHAs! aKaIeMHs UMEHH
K.A. TumupsizeBa. B nccnenoBanuy UCTIONB30BAIUCH JAaHHBIE O 7 MOCTOSHHBIX MPOOHBIX IUIOIMIAISNX
B €CTECTBEHHBIX COCHOBBIX HACAXKIEHUAX, 7 — B KyJbTypaxX cOoCHbI (IycToTa nocagku — 32 000 nepeBbes
Ha 1 ra), 13 — B KysnbTypax JucTBeHHHIIBI (TycToTa mocaaku — 700—4000 nepeBbeB Ha 1 ra), 8 —
B yOOBBIX HACAXKACHUAX (€CTECTBEHHOTO U MCKYCCTBEHHOI'O IMPOUCXOXACHUS) U 9 — Ha Oepe30BbIX
HACaXJICHUSX (€CTECTBEHHOIO M UCKYCCTBEHHOT'O MPOUCXOKACHU). 3a To/] 1 ra MOKPBITOH JIECOM ILIOIIa 1
npom3BoauT 10 TOHH KUCIOpOAa, a Bl TeppuUTOpHst JIeCHOH ONMBITHOW AaYu — OKOJIO 2,5 THICSY TOHH
kuciopona. B ron npesocrou JIecHON ONBITHON JTauy MOTJIOMIAIOT OKOJIO 3 THICSY TOHH YTJIEKUCIIOrO rasa.
B nenom npeBocton JlecHo# OMBITHOM auu criocoOHBI ocaxaaTh 135 TOHH MBUTH M BBLICISIOT B BO3IYX
ok0J10 130 TOHH UTOHIHIOB B TCYCHHUE BETCTAI[MOHHOTO MEpUOa. B ropoaCKuX yCIOBHSIX JIECHBIC
HACaXJICHHS TTOJIBEPKEHBI BIIMSHUIO HETraTUBHBIX (DaKTOPOB: BEIOPOCOB MPOMBIIIICHHBIX TPEIIPUSTHN
1 TPAHCIOPTa, PEKPEAIMOHHBIX HArpy30K, HapyLIeH!s IPUPOHBIX YCIOBUI U MHOTHX Apyrux. HerarusHsie
(hakTOpBI MPUBOAAT K CHIDKEHHIO BBITTIOJHEHHST HMH SKOJOTHYecKuX (yHKIwiA. [loaToMy B roposckuXx jiecax
HEOOXOIMMO MPOBOJIUTD JIECOBOACTBEHHBIE MEPOIPHSATHS JJIsl OBBIMICHHUS YCTOMYMBOCTH U MPOTYKTHB-
HOCTH IPEBOCTOEB.

KuroueBrle c10Ba: ypOaHU3UPOBAHHAS Cpejia, IKOJIOTHYECKHE (GyHKIMH, IPEBOCTOH
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QP PeKTUMBHOCTb UCNOJIb3OBAHUSA
JIEHTUBUPYCHbIX BEKTOPOB
ANna TpaHchopmMaLmm crnepMaToreHHbIX KNeTok
CeMeHHM/Ka NeTyxoB in vivo

H.A. Boakosa, A.H. Berox*, JI.A. BoikoBa,
H.A. 3uHoBBEBA

DenepaibHbIN HayIHBII LeHTp >knBOTHOBOACTBa — BIIK um. akagemuka JI.K. OpHcTa,
MockoBckast o6nacts, Poceuiickas dexnepanys
*anastezuya@mail.ru

AnHoTanus. KiieTku roHaj caMIioB paccCMaTpHUBalOTCs B KaUeCTBE NEPCIEKTUBHBIX KIIETOK-MUIIEHEH
Ut BBeneHus pekomOunantHoi JTHK B paMkax mosy4eHus] TeHETHIECKA MOTU(PHUIIMPOBAHHBIX 0c00eit
C 3aJ]aHHBIMU TpU3HaKaMHu. VcTionbp30BaHNE CTBOJIOBBIX KJIETOK CEMEHHHKOB, & UMEHHO KJIETOK CIepMa-
TOTOHUM, IIpeCTaBIsIeT HauOoIbIINK HHTepec. JlaHHBIN THUII KIETOK B Xoze AuddepeHuanuy MoxkeT
JlaBaTh HayaJl0 MHOTOYHCIIEHHOH IOMYJIALUH 3PEJIbIX MTOJIOBBIX KJIETOK Y CaMIIOB, KOTOpPBIE B CIIyyae UX
TeHETHYECKOH TpaHC(HOPMAIIMH MOTYT OBITH HCIIONB30BaHbI ISl OCEMEHEHHS CAMOK C LIEJIBIO TTOTYYeHUS
MIOTOMCTBA TpaHCreHoB. Llens ucciaenoBaHus — u3y4uTh 3PEKTUBHOCTh NPUMEHEHUS JIEHTUBUPYCHBIX
BEKTOPOB ISl IOKAJIBbHON TpaHCc(OpMaIiy KIETOK CIIEPMATOreHHOTO psijia B CEMEHHUKAX IeTyXoB. Vcromnb-
30BaJIM JICHTUBHPYCHBIH BEKTOp, CoepxKalMii pernoprepHslii red ZsGreen noz kouTpoieM CMV npomoropa.
TpanchopMalio crepMaTOreHHbIX KIETOK NeTyXa in Vitro OCyLIECTBIUIN IyTeM MHGUIMPOBAHUS BUPYC-
HBIM TIpeTIapaToM, in Vivo — IOCPEACTBOM MHOKECTBEHHOM MHBEKIIMU BUPYCHOTO TIperapaTa B NapeHXUMY
CEMEHHHKOB TIETyXO0B (1 = 5). D(p(eKTHBHOCTH TpaHC(HOpMALIMK OLIEHUBAIM I10 SKCIIPECCHU PEHOPTEPHOTO
reHa ZsGreen B TpaHC(EIMPOBAHHBIX CIIEPMATOI€HHBIX KJIETKaX. Y CHEUIHOCTh HCIOJIb30BAHMS JIEHTHBU-
PYCHBIX BEKTOPOB JUISl TeHETHIECKOH TpaHC(HOpPMAIH CIIePMAaTOTeHHBIX KJIETOK CEMEHHHUKA IeTyxa Oblia
[I0Ka3aHa B XOJIe SKCIIEPUMEHTOB KaK in Vitro, Tak U in vivo. D¢ HeKTUBHOCTh TpaHC(HOpMALK JaHHOTO
TUIIA KJIETOK B KYJIBTYpE in vitro BappupoBaia oT 45 1o 57% u cocraBuiia B cpeiHeM 48 + 4%. B skcne-
PHMEHTaX in Vivo SKCIIpeccHs TeHa-penoprepa ZsGreen B KJIETKaX CIIEPMAaTOreHHOT'O SIUTENHS CEMEHHUKOB
ObL1a OOHapY>KeHa MPAKTUYECKH Y BCEX AKCIEPUMEHTAIBHBIX METYX0B. KOIM4YecTBO ceMEHHBIX KaHAJbIIEB
€ TPaHC(HOPMHPOBAHHBIMU KJIETKaMU CIIEPMATOTEHHOI'O Psijia BAPbUPOBAJIO Y IIETYXOB, UCCIIEIOBAHHBIX
B Xofe ombITa, oT 10 10 22% u cocraBmia B cpenHeM 16 + 2%. [Ipu 3ToM 3G PeKTHBHOCTh TeHETHYECKOI

© Bomkoa H.A., Berox A.H., Boakos JI.A., 3unosseBa H.A., 2019.
This work is licensed under a Creative Commons Attribution 4.0 International License
B https://creativecommons.org/licenses/by/4.0/
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TpaHC(OpMaIMU CIIEPMATOI€HHBIX KJIETOK CEMEHHUKOB (3((eKTUBHOCTH TpaHcreHesa) pocturana 1,8 +
+ 0,2%. ITonydeHHbIE pe3ynbTaThl HOATBEP)KAAIOT YCIICITHOCTh IPUMEHEHHUS JIEHTUBUPYCHBIX BEKTOPOB
C IENBIO0 CO3JaHMs 0co0eH ¢ FeHeTHUEeCKH H3MEHEHHBIMH TT0JIOBBIMH KIIETKaMH METOJIOM TPaHC(HOpMAIHI
CIEPMATOreHHBIX KIETOK CEMEHHUKOB IIETYXOB i1 Vivo, a TaKKe BO3MOXKHOCTh I0JIy4€HHs TI0TOMKOB
C 331aHHBIMU CBOICTBAMU OT 3TUX MY>KCKHX OCOOCH.

Ki1ioueBble ¢j10Ba: ETyXH, CIIEPMATOTeHHBIE KJICTKH CEMEHHHUKOB, TeHETHYECKasl TpaHc(hopMarys,
JICHTUBUPYCHBIA BEKTOP, TPAHCTCHE3

BBepeHune

[IpumeHeHre MoJIOBBIX KIETOK CAMIIOB PACCMAaTPUBAETCs KaK OAMH U3 CLIOCOO0B
MOJTYYEHHUS CEJIbCKOXO35IIICTBEHHBIX JKUBOTHBIX C U3MEHEHHBIM T'€HOMOM, B T.4. IITHIIbI
[1, 2]. IIpu 5TOM B Ka4eCcTBE KJICTOK-MHIIICHEH 111 BBeIeHUsT pekomOuHanTHOU JIHK
MOTYT HMCIIOJIB30BATHCA KaK 3PENbIE MY’KCKHE MOJIOBBIE KIIETKH — CIIEPMHHM, TaK U UX
IPEe/IIEeCTBEHHUKN Ha Oosiee paHHUX CpoKax AU((HEepeHIIUPOBKY — CIEpMaTOrOHUH,
cnepMatonuThl U ciepmaTuibl [3—S5]. C Touku 3penus 3hGeKTHBHOCTH TpaHCTeHEe3a
13 BCEH MOIMYJISUM KIETOK CIIEPMATOT€HHOIO SMMTENNS TJIaBHbBIM MHTEpEeC NpeCcTaB-
JSIeT TeHeTUYeCKast MOAU(UKAINSA CIIEPMAaTOrOHUU. JIaHHBIA THUI KJIETOK OTHOCST
K CTBOJIOBBIM KJIETKaM CEMEHHHUKOB [6]. B mporecce nudpepeHIMpoBKH OHU Tat0T
Ha4aJIo 3HAUYUTEIbHON MOMYJISIIMU 3PEJIbIX MYKCKUX MOJOBBIX KieTok [7]. Ucxons
U3 3TOr0 reHeTH4ecKas: TpaHc(opMalys MOJOBBIX KIETOK CaMIIOB HAa CTAJMU CHepMa-
TOTOHHH MTO3BOJISIET MOBBICUTH 3(P()EKTUBHOCTH TPAaHCIe€HE3a MO CPABHEHUIO C IPOBEJE-
HHUEM I'€HHO-MH)KEHEPHBIX MAHUITYJIALUN C JPYTUMH TUIIAMH CIIEPMATOT€HHBIX KIIETOK,
B T.4. CHEPMUSIMHU.

I'enernyeckas TpaHcopmanms CEpMaTOTOHUN BO3MOXKHA C MCIIOIb30BAHUEM
JIBYX METOJMUYECKUX MOAX0A0B: 1) TpaHChEKIUeH KyabTyphl TaHHBIX KIETOK i1 Vitro
C JaJIbHEUIIUM UX BBEJACHHEM B CEMEHHUKH CaMIIOB-PEIUIHEHTOB, MMOABEPIIINXCS
XUMHUYECKON cTepuim3alyu, u 2) Tpancopmanuen KIETOK CIEepMaTOreHHOro psaa
in vivo IyTeM HHBEKIIMOHHOW 00pabOTKH reHHOM KOHCTPYKIMEH HemoCpeICTBEHHO
B CEMEHHUKH B3pocibIx ocobelt [§—I11]. C Touku 3peHus MaTepraIbHBIX U BPEMEHHBIX
3aTpar Haubosee MPEANOYTUTENIbHBIM SIBJISIETCS BTOPOU MOJXO/, TaK KaK MaHUITYJISLIUU
MPOBOJATCS HA B3POCIIBIX CaMLAX, YTO COKPAIAeT CPOKH IMOIYUYEHHUS TPAHCTEHHBIX
ocobeii. ['eneTndeckas TpaHcGOpMaLUs CIIEPMATOTEHHBIX KJIETOK, B TOM YHCIIE CIep-
MaTOTOHMH, i1 Vivo BO3MOXHA C MCIIOJIb30BAHUEM BEKTOPOB, OCHOBAHHBIX Ha PETPO-
U JeHTUBHpYcax. Meron 6azupyercsi Ha UX MPUPOJHON CIOCOOHOCTH MEPEHOCUTH
pekomOuHanTHy0 JIHK B comatndeckue kietku. TakuM 00pa3oM, MPUMEHEHHUE TeHHBIX
KOHCTPYKLIUH, KOTOPBIE TIOIY4YEHbI HA OCHOBE ATUX BUPYCOB, ITO3BOJISIET OCYILECTBIISATh
TpaHc(OpMaINIO OT/IEJIbHBIX OPraHOB U TKaHEH yke BO B3pOCibIX 0co0sx. Panee HamMu
ObL1a MOKa3aHa BO3MOKHOCTb MCIIOJIb30BAaHUS PETPOBUPYCHBIX BEKTOPOB IS JIOKAIBHOM
TpaHchOpMaluK KJIETOK CEMEHHUKOB METYXOB U XpsIKoB [12]. MbI n3yunnu 3¢ pexTus-
HOCTb MCTIOJIb30BaHUS JICHTUBUPYCHBIX BEKTOPOB ISl TEHETHUECKOW TpaHC(HOpMAaLuU
CIIEpMATOTOHUH TIETYXOB in ViVvo.

MaTtepuansl u meTOAbI

B paboTe ncnonb30Baiy JIEHTUBUPYCHBIN BEKTOpP, COIEpIKAIUil pernopTepHbIit
red ZsGreen nop koHtponeM CMV npomoropa. ICTOYHMKOM I€HHON KOHCTPYKIUI
ObUT BBIOpaH BUPYCHBIN Ipenapar.
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Tpancopmaruio KyJIbTypbl KIETOK CIIEPMATOTOHUI 1eTyXa i1 Vitro BBIIOIHSIN
C MOMOUIbI0 HHOUIMPOBAHUS MIPETAPATOM, COACPIKALIIM PEKOMOWHAHTHBIN JICHTH-
BUpYC. D((HEeKTUBHOCTH 3apa)KEHUs KIETOK ONpeeIsIM KaK OTHOLIEHHE KOJIMYECTBa
HOJY4YEHHBIX T€HETUYECKH TPAaHC(POPMUPOBAHHBIX KJIETOK K OOIIEMY YHMCIY KIIETOK,
MOJIBEPIIIUXCS HHOUITUPOBAHHUIO.

BHecenne reHHbIX KOHCTPYKIMI B MAPEHXUMY CEMEHHUKOB METYXO0B (1 = 5) in vivo
HPOBOJIMIIN ITyTEM MHOKECTBEHHbBIX MHBEKIIMI BUPYCHOTO npemnapata (5—~8 uHbeKuuit
Ha CEMEHHUK).

ITo gocTHKEeHNH MOJIOBO3PETIOCTH OT OMBITHBIX CAMIIOB OTOMPANX MPOOBI TKAHEH
CEMEHHMKOB JJIsl aHAJIM3a HKCIPECCUN PEKOMOMHAHTHOTO OeJiKa C MCIO0JIb30BaHUEM
duryopectieHTHOM MUKPOCKONHH. [ MCTOTIOrnYecKre cpe3bl TOMMIUHON 5 MKM TOTOBHIIH
Ha kpuocrate. OT KaKA0ro caMia poaHaJIM3UPOBAIN HE MEHee 15 THCTOI0rnYeCKUX
CpPE30B.

Pe3ynbTaTtbl M 06CYXaeHune

JI71s1 OIIeHKH BO3MO>KHOCTH UCTIONB30BAaHMS T€HHBIX KOHCTPYKIIMI Ha OCHOBE JICH-
TUBHPYCHOT'O BEKTOpa BHa4aje ObLI MPOBE/IEH P UCCIIEA0BAHUI 110 TpaHC(hopMaluu
KJIETOK CIIepMaTOrOHMUI METYXOB in Vitro B KysbType. Vcnonb30BaHue JICHTUBUPYCHOTO
npernapara B MPOBEICHHBIX SKCIIEPUMEHTaX MOKa3ano 3((EeKTHBHOCT TpaHChOpMaLuH
KJIETOK-MMIIIEHEH y MEeTYXO0B, a KOJIMYECTBO MOAU(DUIIMPOBAHHBIX KJIETOK BapbHUPOBAIO
oT 45 1o 57% u coctaBisuio B cpeaneM 48 + 4%.

Pesynbrathl, MoMy4YeHHbIE B XOJI€ iM Vitro WCCIIEAOBAHHUMN, TIOCITYKUIN 337€JI0M
JUIsl TIPOBE/ICHUs JaIbHEHIINX ONBITOB MO nepeHocy pekomounantHoi JAHK in vivo
B CIIEPMATOTe€HHbIE KJIETKU IETYXOB.

Panee B Hammx McclieOBaHUSAX OBLJIO M3YYEHO, YTO ONTHUMAIBHBIM MEPHOIOM
JUTSL IPOBE/ICHNS] OMOWH)KEHEPHBIX MAHUITYJISIMI C KIETKAMH CIIEPMAaTOr€HHOTO SIHTe-
JMsl y TIETYXOB siBisieTcs Bo3pact oT 1 no 8 nenens [13]. B 3TOT BO3pacTHOM neproj
MOMYJISIMS CIIEPMATOTeHHBIX KJIETOK B CEMEHHBIX KaHAIbIAX MPEUMYILECTBEHHO Mpe-
CTaBJIeHA CIIEPMaTOrOHUSIMHU U KieTkaMu Ceptomu. Mcnonb3ys 5Ty HapaboTKy, BBe-
JIeHNE T€HHOW KOHCTPYKIMH MIPOBOIMIN B CEMEHHUKH METYXOB, MOA00OPaHHBIX 0 BO3-
pacTty, KOTOpBI cOCTaBUI 2 MecALIA.

o mocTmxeHUH MOIOBO3PEIOCTH Y OMBITHBIX METYXOB ObLIA H3yUeHa KCIIPECCHs
penoprepHoro rena ZsGreen B KJIE€TKax criepMaTOreHHoro snurenus. Hannuue tpaHc-
(OpMHPOBaHHBIX (HITyOPECLUPYIOIIUX CIIEPMATOI€HHBIX KJIETOK B CEMEHHBIX KaHAIbIAX
CEMEHHHKOB OBUIO YCTAHOBJICHO y BCEX OMBITHBIX METYX0B. KOoMM4ecTBO ceMeHHBIX
KaHaJIbIIEB HA OJTHOM Cpe3e, B KOTOPBIX HAOIIONAINCh TPAaHC(HOPMUPOBAHHBIE KIIETKH,
BapbpHupoBaiio oT 10 10 22% B 3aBUCUMOCTH OT UHMBUTyaIbHBIX OCOOCHHOCTEH CaMIIOB,
YTO COCTaBWIO B cpeaHeM 16 + 2% (tabm. 1). I1pu 3TOM B OTHOM CEMEHHOM KaHaJIbIIe
CpelHee YHCIIO TPaHC(HOPMUPOBAHHBIX KJIETOK CIIEPMATOTEHHOTO Psa COCTABUIIO
12 + 1% npu obuieit 3¢h(heKTUBHOCTH TpaHCTeHe3a (OTHOIIEHHE YHciia TPaHC(HOPMHU-
POBaHHBIX CIIEPMATOTEHHBIX KJIETOK K MX OOIEMY YHCIIy BO BCEX HCCIIEJOBAaHHBIX
ceMeHHbIX KaHanblax) 1,8 + 0,2%.
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Tabua 1
AP PekTUBHOCTb UCMOJIb3OBAHNSA JIEHTUBUPYCHOIO BEKTOpa
AN reHeTU4ecKom TpaHchopmMaLmm KNeTok CeMeHHUKOB NeTyxXoB in vivo
VA, HOMep ONbITHOM NTULLI
MokasaTenb
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
MccnenoBaHo cpe3os n 15 20 15 18 15
SPpekTnBHOCTL TPaHCGHOPMaLNN CEMEHHbIX KAHAJIbLIEB
KonnyecTtBo cpe3oB ¢ TpaHCHOPMUPOBAHHBLIMMA
CEMEHHbIMW KaHanbuamun n, % 10 (65) 15 (75) 11(72) 9 (50) 7 (44)
Jons TpaHchOpMMPOBaHHbIX KaHAbLEB Ha cpese, % 10 15 22 17 16
SppekTnBHOCTL TpaHCHOPMaLMM CreEPMAaTOreHHbIX KIETOK

CpenHee KONMYEeCTBO CNEPMATOr eHHbIX KNETOK
B OHOM CEMEHHOM KaHasbLe:

BCEron 702 685 625 652 692

TpaHCHOPMMPOBAHHBLIX™* N 12 14 16 10 8
Yuncno ceMeHHbIX KaHanbLLEB HA UCCEeA0BaHHbIX
cpesaxn 221 210 185 196 204
O0LLee KONMYECTBO CNEPMATOrEHHbIX KNETOK:

B TPAHCHOPMUPOBAHHbIX KaHasbLax n 2652 2940 2960 1960 1632

BO BCEX UCCNEeAO0BaHHbIX KaHasbLIAX n 155142 | 143850 | 115625 | 127792 | 141168
06Lwwasn 9 heKTUBHOCTL TPaHCreHesa**, % 1,7 2,0 2,6 1,5 1,2

lMpumeydarvie: * cpegHee Yicno TPaHCHOPMUPOBAHHBIX KNETOK B OAHOM CEMEHHOM KaHasbLie — OTHOLLEHWE
yrcna TpaHChOPMUPOBAHHBIX CMEPMATOMEHHbBIX KIIETOK K 0BLLEMY YMCITY UCCNEA0BAHHbIX CEMEHHbIX KaHabLLEB;

** 0bLasn aPpPEKTMBHOCTb TPAHCreHe3a — OTHOLLEHMWE YMCna TPaHCHOPMUPOBaHHBLIX CNEPMATOreHHbIX KNeToK
K MX 06LLLEeMY YMCITY BO BCEX UCCNEA0BaHHbIX KaHabLaxX.

Table 1
Efficiency of using a lentiviral vector for genetic transformation
of rooster testicular cells in vivo
Experimental bird number
Indicator
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
Investigated slices, n 15 20 15 18 15
The effectiveness of the transformation of the seminiferous tubules
The number of slices with transformed seminiferous
tubules n, % 10 (65) 15 (75) 11(72) 9 (50) 7(44)
The proportion of transformed tubules at the slicee, % 10 15 22 17 16
The efficiency of transformation of spermatogenic cells

The average number of spermatogenic cells
in one seminiferous tubule:

total n 702 685 625 652 692

transformed* n 12 14 16 10 8
The number of seminiferous tubules in the studied
slicesn 221 210 185 196 204
The total number of spermatogenic cells:

in transformed tubules n 2652 2940 2960 1960 1632

in all studied tubules n 155142 | 143850 | 115625 | 127792 | 141 168
The overall efficiency of transgenesis**, % 1.7 2.0 2.6 1.5 1.2

Note: *The average number of transformed cells in one seminiferous tubule is the ratio of the number of
transformed spermatogenic cells to the total number of testicular tubules examined;

**The total efficiency of transgenesis is the ratio of the number of transformed spermatogenic cells to their to-
tal number in all studied tubules.
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Takum o6pa30M, IMPOBCJACHHBIC HAMU HCCJICA0BAHHA ITOKA3aJIWM BO3MOKHOCTb
HCII0JIb30BaHUs JICHTUBUPYCHBIX BEKTOPOB IJIsA TpaHC(I)OpMaIII/II/I résomMa IrneTyxoB
B CIICPMATOI'CHHBIX KJIETKaX CCMCHHUKOB in vivo C LEIbIO CO30aHusI oco0eli ¢ reHeTu-
YCCKU TpaHC(i)OpMI/IpOBaHHLIMI/I IIOJIOBBIMH KJICTKaAMH AJIsA ,[[aJ'IBHCfILHeFO MMOJY4YCHUA
TPAHCI'CHHOI'O ITOTOMCTBA € 3a/IaHHBIMU ITPU3HAKAMMU.

HNudopmanus o puHaAHCMPOBAHUU

HccnenoBanue MpoBeIeHO B paMKax BBITMIOJIHEHHUS TOCYJApCTBEHHOTO 331aHUsl, PErUCTPaLlMOHHbIH
HoMep TeMbl AAAA-A18-118021590132-9.
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Abstract. Male gonad cells are considered as promising target cells for the introduction of recombinant
DNA within obtaining genetically modified individuals with given characteristics. The use of testicular
spermatogonial stem cells is of the greatest interest. In the process of differentiation, this type of cell gives
rise to a significant population of mature male germ cells. In the case of their genetic transformation,
differentiated cells can be used to inseminate females in order to produce transgenic progeny. The aim
of the research was to study the efficiency of using lentiviral vectors for the local transformation of roosters’
testicular spermatogenic cells. We used a lentiviral vector containing the ZsGreen reporter gene under
the control of the CMV promoter. In vitro transformation of rooster spermatogenic cells was carried out
by infection with a viral preparation, in vivo through multiple injections of the viral preparation into the tes-
ticular parenchyma of roosters (n = 5). The efficiency of transformation was assessed by expression
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of the reporter ZsGreen gene in transfected spermatogenic cells. The success of using lentiviral vectors
for the genetic transformation of rooster spermatogenic cells was shown in experiments in vitro and in vivo.
The transformation efficiency of this cells types in an in vitro culture varied from 45 to 57% and averaged
48 + 4%. The expression of the ZsGreen reporter gene in the cells of the spermatogenic epithelium
of the testes was established in almost all experimental roosters in the in vivo experiments. The number
of seminiferous tubules with transformed spermatogenic cells varied in the studied experimental roosters
from 10 to 22%. The effectiveness of genetic transformation of the testes spermatogenic cells was 1.8 + 0.2%.
The obtained results indicate to the success of using lentiviral vectors for the genetic transformation
of spermatogenic cells of rooster testes in vivo in order to create individuals with genetically transformed
germ cells for the further production of transgenic offspring with given characteristics.

Key words: roosters, testicular spermatogenic cells, genetic transformation, lentiviral vector,
transgenesis
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CoBepLueHCTBOBaHME N1abopaTOPHOro KOHTPONs
C/INBOYHOro macna

W.T'. Ceperun'’, /I.B. Hukutuenxo?, JL.B. JleonTnen’,
0.A. Akyauy'

'Poccuiickuii rocy1apcTBEHHBIN arpapHblil yHUBEPCUTET —
MockoBckas cenbckoxo3saicTBeHHas akaaemus uMeHn K.A. Tumupszesa,
Mocksa, Poccuiickas ®enepanus

20A0 «OcTaHKMHCKHI MAcoTepepabaThIBAIOIIMI KOMOUHATY,
Mocksa, Poccuiickas @enepanus

*iseregin@rgau-msha.ru

AHHoTanus. PaboTta mocpsiieHa coOBEpIICHCTBOBAHUIO J1a00PATOPHOTrO KOHTPOJIS KOPOBLETO CIIU-
BOYHOT'O Macja, IOCTYMAIOIIEero B peaJn3aiio Ha IPeINpUsITHSI TOPTOBOH CETH U PBIHKH. M3ydeHo
COIMANIFHOE OTHOIIEHUE TOKyIaTeleil K CIIMBOYHOMY MAcily, €0 aCCOPTHMEHT B Pa3lIMYHBIX TOPTOBBIX
HPEANPUATUSIX U UCCIIEIOBaHbl 00Pa3Lbl CIMBOYHOIO Macia, IPUOOPETEeHHOro B Mara3uHax U Ha phIHKAX
rr. Mockssl 1 Bramumupa. [Ipu npoBeeHnE MUKPOOHOJIOTMUECKUX HUCCIICOBAHNI YCTAHOBJICHO TPUCYT-
ctBHe B Maciie «KpecThsHCKoe» GakTepril TpyIbl KHIIEYHBIX MajJo4Yek, YTO He COOTBETCTBYET TpedoBa-
HUAM 0€30I1aCHOCTH JAHHOT'O IIPOJYKTa. B Macie BBIABICHO MOHIKEHHOE COJEPXKAHIE MOJIOUHOTO SKUpa:
71,5 Bmecto 72,5%. Macno «lllokomanHoe» ToproBoii Mapku «KpecTbsHKa» UMEI0o RKUPHOCTH JUIIb 60,
a He 3asBieHHble 62%. Ha yrnakoBke JaHHOTO Maciia HAaHECEHa MCKaKEHHAas MapKUPOBKa MO CPOKaM rol-
HOCTH U YCJIOBHSIM €TI0 XPaHEHMS, YTO CBUAETEILCTBYET 00 MH(POPMALMOHHON (anbcudukamy. Y CcTaHoB-
JICHO B OTJICJIBHBIX 00pa3iiax HECOOTBETCTBHE peam3yemMoro npoaykra tpeboBanusiM ['OCT u 3asiBIeHHBIM
[IO0Ka3aTeNsAM, 4TO YKa3blBaeT Ha HEOOXOUMOCTb Pa3pabOTKH IOTOJHUTENbHBIX METOOB BISBICHUS
Pa3IMYHBIX HOAJENOK B CIMBOYHOM Maciie. OnpeseneHo, 4To MU pacilIaBIeHUU CIMBOYHOIO Macia
B TrOpsTYeil BOJE€ MUKPOCKOIMUPOBAHUE TPOIYKTa C HOMOLIBIO KOMITPECCOPUYMa HIIA OONydeHHs IOBEpX-
HOCTH CIMBOYHOro Macia Y @-nydyaMu I03BOJISIET ObICTPO U C JOCTATOYHOH HaJEKHOCTHIO BBISBIATH
HEKOTOpbIe ero (anbcudukanuu.

KitoueBble c10Ba: CIMBOYHOE Macio, BETEPUHAPHO-CAHUTApHAs HKCIIEPTU3a, 1a00paTOpHbINA KOHT-
POJIb, OPTaHOJIENITHYECKIE TTOKA3ATeNH, (PU3HKO-XHMHIECKHE CBOMCTBA, (hambCU(UKAIIS, MUKPOCKOITHPO-
BaHHe, KOMIIPECCOPUYM, OlleHKa Ipu Y D-u3nydyeHun
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AKTyanbHOCTb

CnmBoUYHOE Macyo 3aHUMAET 0c000€ MECTO CPEH MOJIOYHBIX MPOIOBOJILCTBEHHBIX
ToBapoB. OHO SBJIAETCS [IEHHBIM TMHIIEBBIM MPOAYKTOM C XOPOIIMMH BKYCOBBIMH TTOKa-
3aTeJsIMU M BBICOKOW YCBOSIEMOCTBIO JKHUPHBIX KUCIOT. IMEHHO MO3TOMY CIMBOYHOE
Maclio SIBJISIETCS HE3aMEHUMBIM MPOJIYKTOM JJIS HACEJIEHUs, OCOOCHHO i JeTei
Y TIOKUJIBIX JIFOJICH, a TaK)Ke BaKHBIM KOMIIOHCHTOM IPOU3BOJICTBA KOHJIUTEPCKUX
1 XJ1Ie000yI0YHBIX U3 [1].

CocTtaB CIMBOYHOTO Maciia HeTIOCTOSHEH, OH OIpe/esieH KauyeCTBOM repepadaThi-
BaeMOI0 MOJIOKA U COOJTIOJICHHEM TEXHOJIOTHH MIPU €ro U3roToBIeHUU. 1 mpons-
BOJICTBA CIIMBOYHOIO Macja HEOOXOMMO HCIOJIb30BATh TOJIBKO IEIILHOE MOJIOKO WU
HaTypajJbHbIE CIIMBKH BBICOKOTO KAaye€CTBa, MOJYyYEHHBIE OT 3J0POBOTO IMOTOJIOBHS
KOPOB, KOTOPBIE JIOJDKHBI COJIEPIKATHCS B XOPOIIMX 300TMTHEHUYECKUX YCIOBHAX [2].

['maBHBIMH KPUTEPUSMHU MOJIOKA KaK ChIPbsI CIMBOYHOTO Maclia CIy»aT XUMHUIe-
CKHH CcOCTaB (IMCIIEPCHOCTH MOJIOYHOTO KHPa M €0 TPUTTHILIEPUIHBIA COCTaB), MUKPO-
ouonornyeckue (KMAD®AuM, KOE/r u np.), opranonentuyeckue (Bu, BKYC, 3amax,
KOHCHCTEHIINSA, IIBET) U (PU3UKO-XUMHUYECKHUE (TeMIIepaTypa, INIOTHOCTh, BA3KOCTb, T10-
BEPXHOCTHOE HaTsKeHHUE mokazarenu [3].

Cy1iecTByeT 1Ba OCHOBHBIX CIT0c00a MPOM3BOICTBA CIIMBOYHOTO Macja: COMBaHUE
CJIMBOK B MaCJIOM3TOTOBUTEIISIX U MpeoOpa30BaHKe BHICOKOKHPHBIX CIIMBOK B Macio-
oOpasoBartessax, MPH CTPOTOM COOJTIOJICHUN BCEX TEXHOJOTMUYECKHX IporieccoB. Hapy-
[IEHHE TEXHOJIOTUH MPOM3BOJICTBA CIIMBOYHOTO Maciia, a TAK)Ke HMCIOJIh30BaHUE HEKa-
YECTBEHHOTO CHIPhS IPUBOJUT K 00Opa30BaHUIO TOPOKOB BKyCa, KOHCHCTCHIINH | IIBETa
MPOIyKTa. Macio ¢ KaKUMHU-JTMOO0 IMOPOKaMH B CBOOOJTHYIO PEaTM3aIHIO HE JIOITYCKACTCs.
KayectBeHHOE Macio JOKHO UMETh TUIOTHYIO M OAHOPOJIHYIO KOHCUCTEHIIUIO CO Clia-
00-0ecTsIIeH MOBEPXHOCTHIO OT O€JI0r0 JI0 CBETIIO-)KEITOI0 1{BETA, ONPE/IEICHHBIH
apomar u npuBkKyc [4].

Mos0o4HBIN XKUP B CAMBOYHOM Maciie MO MUILEBON LEHHOCTH, XUMUYECKOMY
COCTaBYy M (PU3UYECKUM CBOMCTBAM OTIMYAETCS OT TOIUICHOTO KUBOTHOTO >kupa. [lute-
Basi IICHHOCTh MOJIOYHOTO JKHpa 00YCJIOBIIEHAa, TJIaBHBIM 00pa3oM, Oenkamu u hocdo-
JUNHIaMH, JJaKTO30H, BATAMHUHAMH, MUHEPAJIbHBIMU BEIICCTBAMHU M KUPOBBIM KOM-
MTOHEHTOM, KOTOPBIN CITY)KHT UCTOYHUKOM DHEPTUU U COJCPKUT MHOTHE HACHIIICHHBIE
Y HEHACHIIIICHHbBIE KUPHBbIC KUCIOTHI. CollepyKaHHue JKUpa B CIMBOYHOM Maciie COCTaB-
nsiet 50,0-82,0% [5].

K macnam, conepsxaumm sxxup 110 82,5%, otHocsT: «Bonoroackoey», «Cnanko-ciu-
BouHOe» U «Kmucio-cnmuBoyHoe». K MaciaM MOHM)KEHHOH KHUPHOCTH, COJCPIKALTUM
ot 52,0 no 80,0% xwupa, otHocATcs: «Jlrooutensckoe» (80,0%), «KpecTpaHckoe»
(72,5%), «Poccwuiickoe» (70,0%), «bytepopomnoe» (61,5%), «nenbseticy (52,0%) u ap.
Hexkotopsie BuibI Maciia cojepkaT MoJIouHOro xupa meHee 50,0% [6].

B ToproBeIx nmpeanpusTHAX Macia ¢ MOHWKSHHBIM COJIEpKaHUEM JKHpPa 4acTo
peanu3yroT Kak MPOAYKT C BEHICOKUM €ro COJIEpKaHUEM, TIOBBIIIAs TPU ITOM LICHY.
[TosTomy B Poccum oiHO U3 nepBbIX MecCT 1o (GaabCupUKAIMU 3aHUMAET CIMBOYHOE
Macyo. [To nanabmM PocniotpeOHam3opa nourn 85% mapTuii peain3yeMoro CJIMBOYHOTO
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Macjia He COOTBETCTBYIOT CTaHAapTam, B T.4. 10 IPUYHHE JOO0ABICHHS TOIUICHBIX
JKMBOTHBIX KHPOB M PAaCTUTEIIBHBIX Macell, YTO BbISABUTH TP BETCPHHAPHO-CAHUTAPHON
9KCIEPTU3E TOCTATOYHO TPyHO. [loaTOMYy HE0OX0AMMO NalbHEIIee COBEPIIIEHCTBO-
BaHHE KOHTPOJIA KauecTBa M 0€30MacHOCTH CIMBOYHOTO Maciia MpU pean3allii ero
HaceleHuro [7].

Llenb v 3apauv paboTbl

Llenpio HaIIEro MCCIIEOBAHMS CTAJIO COBEPIICHCTBOBAHUE KOHTPOJIS Ka4eCcTBa
1 0€30MacHOCTH CIMBOYHOI'O Maciia, pealin3yeMOoro B TOPTOBBIX MPEINpPUATHIX
U Ha PBIHKaX.

I[JIH JOCTHUXKCHUA ITOH nejm nepea HaMu OBLIM IIOCTaBJICHEI 3aJavu: U3y4YUThb
B psZie PETHOHOB CIPOC HACENICHHs Ha CIIMBOYHOE MAacjo, YCTAaHOBUTH aCCOPTUMEHT
peanuzyemMoro macia, otooparb oopasipl cormacHo ['OCT P 55361-2012 u nmpoBeputh
HUX Ha COOTBCTCTBHUC 3as4ABJICHHBIM IIOKA3aTCJIsIM, BBIAIBUTH BU/bI (paJII)CI/I(i)I/IKaHI/Iﬁ CJIN-
BOYHOTO Macjia U pa3paboTaTh AOMOJHUTEIbHBIE METOABl KOHTPOJIS sl X OOHa-
pyxeHus [8].

Martepuanbl n meToabl

PaGoTy BbINONHSIIN B 1a00OpaTOPUM BETCaHAIKCIEPTH3bl Kadeapbl MophoIoruu
u BerepuHapuu PIAY-MCXA umenu K.A. TumupsizeBa, B 1aboparopun Poccuiickoro
YHUBEpPCHUTETa APYX OBl HapOJAOB M Ha 0a3e OTAEIbHBIX TOPTOBBIX MPEANPUITHI
rr. MockBsl 1 Bragumupa.

Ha niepBoM 3Tare paboThl MbI IPOBEJIA AHKETHPOBAHUE ITOKYTIATEIICH CTMBOYHOTO
Mmacina. [To pe3yibpTaraM ompoca MOYKHO CIIENaTh BBIBOJ, YTO OOJIbIIAS YaCTh MOKYTIa-
TeJeH, MoCcenaronuX MPOoI0BOJILCTBEHHBIE MAra3uHbl, OTAAIOT MPEANOYTEHUE TAKUM
MPOU3BOUTENSAM MOJIOUYHBIX NPOAYKTOB Kak: « BumMMm-bunne-/lann», «/lanon 1UH-
IycTpus», « OCTAHKMHCKUM MOJIOYHBIN 3aBOI», «Ononbey, «llapuiibiHCKuil MOJIOY-
HbIH 3aBO», «HOHUMIIKY, «Cy31abCKUH MOJIOUHBIH 3aBO», «CyJA0TOJICKANA MO-
JOYHBIN 3aB0/», «PocTarposkcnopT», «Mon3zaBoa AnekceeBCKu» u «JlakmHCKUMA
MOJIOYHBIH 3aBOJIY.

CornacHo pe3yJibTaTM aHKETHPOBaHMsI, Ha BEIOOp OpEH/Ia CIMBOYHOTO Macia
BIIUAIOT ero kauecTBo (58% nokynareneil) u Bkyc (40% onpomennsix). Ho He menee
BXHBIM (DaKTOPOM TIPU PEIICHUH O MOKYITKE Macjia TOro MM HHOTO OpeH/Ia SBIISETCS
1IeHa, KOTOpast 3KOHOMUYECKH JIOCTYTHA TOJILKO Jiist 85% mokymareneil. MeHsbliie BCero
Ha BBIOOp OpeH/1a CIIMBOYHOTO MacJia BIUSIOT OT3bIBBI 3HAKOMBIX U peKJiama.

BoctpeboBanHbIME OpeHIaMK TI0 pe3yJIbTaTaM OIMpOca MOKYIATEICH SBIIIOTCS:
«Valio», «/lomuk B nepeBHe», «bpecT-mutoBckoe», «IIpocTokBammHoy, «Presidenty,
«"OCT» 1 «JIMUTPOBCKHI MOJIOYHBIN 3aBOJTY.

OOBIYHO CITMBOYHOE MACIIO B KAITMPOBAHHOW (hOJIbI'e TIOKYIIAIOT C TPAIUIIMOHHBIM
JKUPOBBIM COCTaBOM, MEHEE BOCTPeOOBAHO MACIIO TIOHMKEHHOH YXMUPHOCTH. Pexke Bcero
npuoOpeTaeT HacEICHHEe HU3KOXKUPHBIC Maclia C Pa3TUYHBIMH HAIOJTHUTEISIMH.
[Tpu 3ToM 30% Bcex ONMPOIICHHBIX MOKYMATENCH, MPUoOpeTast MPOIYKT, YUUTHIBAIOT
COCTaB M KUPHOCTh CJIMBOYHOTO Macia U ToJIbKO 18% mokymareneid — ero Harypaib-
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HOCTh. 3HaKOMBI ¢ (haiabcuuKaImeit Maciaa Bcero Juib 35% OMpOIIEHHBIX MOKY-
naTtesiel, U3 KOTOPBIX TOJBKO 6% CMOTITIN NEPEYUCIIUTh BOZMOKHBIE BUJIbI MOAIETI0K
CJIMBOYHOI'O MacJa.

AHanu3upys JaHHbIE aHKETUPOBAHHS, MOXKHO 3aKJIFOUUTh, YTO IOTPEOUTENH CITU-
BOYHOT'O MacJia MpY MOKYIKE B TOPrOBOM CETH yarllle 00paIlialoT BHUMaHUE Ha peKIIaM-
HYI0 MH(OpMAIMIO U BTOPOCTETIEHHBIE MMOKA3aTeNN MPOAYKTa, YTO CO31aeT BO3MOXK-
HOCTh Pa3IUYHBIX MOJUICNIOK HEJOOPOCOBECTHBIMH MPOU3BOUTEISIMU JTAHHOTO MOJIOY-
HOT'O MPOJTyKTA.

Ha cnenyromem stane ucciaeaoBaHUi Mbl U3YUUIN aCCOPTUMEHT CIMBOYHOTO
Maclia, peajJr3yeMoro Ha pblHKAaX U B TOPTOBBIX MpeanpusTHax rr. Mockssl 1 Bnanu-
mupa. beutn mpoaHanu3upoBaHbl HanOoJEe MOMYJISIPHBIE CPEIU MOKyMIaTesei rumep-
MapkeThl Tuna «Aman» u «I'mobyc», Toprosas cetb «IIsTepouka», ceTb Mara3uHoB
«duken» n cynepmapketsl «Billay. YcranoBneHo, 4To HE3aBUCUMO OT CE€30HA TOfa
ACCOPTUMEHT Macja B TOPrOBOM CETH OOBIYHO TpezcTaBieH «KpecThIHCKIMY Maciom
¢ KUpHOCTBIO 72,5% 1 «CraaKo-CIMBOYHBIMY MACIIOM TPAAUIIMOHHOTO cocTana (82,5%
YKUPHOCTH). 3HAYUTEIBHO PEXE MOCTYNAIOT B mpoaaxy «Bonoroackoe» (82,5% xup-
HocTH) U «I1lokonmagHoe» (62% XUPHOCTH) Maclia U CIMBOYHOE MACJIO C HU3KHUM
Co/iep>KaHHeM KHpa.

Jiis onpenenenust kKauecTBa U (panbcudUKAIMU CIMBOYHOTO Maciia HAMH ObI-
70 npuodpereHo 1no 6 o0pa3noB B MPEANPHUATHIX TOProBoii cetu («Bomoroackoe»
T™ «U3 Bonorasn, «Otdoproe» TM «Jlomuk B lepeBHe», «Kpectbsrckoe» OO0 «3Iko-
Mk, «Kpectesiackoe» TM «KpacnHas niena», «lllokonagnoe» OO0 «DKOMMITKY,
«Hoxomagnoe» TM «KpecTbsnka») u o 4 obpasua Ha peiHKax («Ononbey, «Bnaau-
MUPCKUI HEHTPAIBHBIN PHIHOK» I'. Bnagumupa, peiaku «KonreBckuit» u «JlenuHrpan-
ckuit» r. Mockssl (puc. 1, a, b)). Bce nprnobperenHsie 00pasibl ObLIN MOABEPTHY THI
nabopaTopHoMy aHanuzy corsnacHo TpeboBanusM ['OCT u gpyrum neicTBYONINM
HOPMaTUBHBIM JIOKyMeHTaM. B paboTre ucnosip30Banu o0MenpruHATHIE METOIbI MC-
CJIeI0BaHHUS.

=
MACNO .
LWOKONAAHOE
CNMBOYHOE A4
L ]

Puc. 1. O6pasubl macna, KyrnjaeHHble B TOPrOBOM CETU U Ha PbIHKAX
Fig. 1. Butter samples purchased in the chain stores and markets
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Pe3ynbTaTbl UCCNeAOBaHUS

[Tpu opranonenTUYECcKoi OI[EHKE Macia, MPHOOPETEHHOTO B Mara3uHax TOProBOU
CeTH, B OOJIBIIMHCTBE 00Pa310B OTKJIIOHEHUH OT yCTAaHOBJIEHHBIX HOPM HE BBISBIICHO.
Opnaxo ciauBoyHoe Macio «lllokomagHoe» MMeno MPUBKYC TOIUIEHHOTO KUBOTHOIO
XKHUpa WIH pacTUTeNbHOro Macia. CirabbiM KOPMOBBIM MTPUBKYCOM 001314710 MacIo,
KyruieHHoe Ha pbiHke TLI «JIeHunpanckuii» ropoga Mocksbl. Takoe mMacno, corsiacHO
['OCT 32261—2013, B cBOOOHYIO peanu3aiyio He JOJDKHO OBbLIO MocTynath [6], ero
OOBIYHO HAIPABISIOT B XJICOONEKAPHBIC PEATIPHUSITHSI.

B pe3ynbTare npoBeeHHBIX MUKPOOHOJIOTHYECKHX HCCIIeI0BaHUI ObLIO yCTa-
HOBJIeHO npucyTcTBHE B Macie «KpectbsiHckoe» OO0 «IxoMUIIK» GakTepuil rpymisl
KUIIEYHBIX MAJI0YEK, YTO HE COOTBETCTBYET TPEOOBAaHUAM O€30IaCHOCTH JaHHOT'O MPO-
nykra. OcranpHble 00pasiibl, MPUOOPETEHHBIE KaK HA PBIHKAX, TAK U B MPEIIPUITHIX
TOPrOBOI CETH, UMEIN MUKPOOHOIOrHUECKHE IT0KA3aTeIH B Mpeenax JA0MyCTUMBIX
3HAYECHHU.

[Tpu onpeneneHuy PU3NKO-XUMHUECKUX MMOKA3aTeNeH y KYIUICHHBIX 00pa3IoB
HCCIIEJlyeMOT0 MPOJYKTa ObUIO YCTaHOBJIEHO, 4To Macio «lllokosagHoe» TOproBoit
Mapku «KpecTbsiHka» UMeso BMecTO 3asiBIEHHbIX 62% xupHocTH jauiib 60% mo-
no4Horo xupa. Kpome Toro, Ha ynakoBKe JaHHOTO Macja HaHECEHAa MCKa)KEHHas
MapKHpPOBKa 10 CPOKAM T'OJHOCTH M YCJIOBUSM €r0 XpaHEHUs], 4YTO CBUIETEIbCTBYET
00 uHdpopmarmonHoi danscudukanuu. [lomrumo Toro, uccneayemsiii 0Opaszer; uMen
MOHMKEHHOE cojiepkanue yrieroaos (19 Bmecto 19,6 r), 4To Takke MOKHO OTHECTH
K ¢anscudpukanyu [9].

[Ipu uccrnenoBanuM CIMBOYHOTO Macia, MPUOOPETEHHOTO Ha PhIHKAX, ObLIO yCTa-
HOBJICHO, YTO oOpasel, mpuoOpeTeHHbIN Ha poiHKe «Ononse» r. Baagumupa, BMecTo
3asiBICHHBIX 82,5 nuMen ®KupHOCTh 82%, YTO TaKkKe yKa3blBaeT Ha (HhaabCHPHUKAIHIIO
npoaykra. Kpome Toro, HOHMKEHHOE COJIepKaHUE MOJIOUHOT'0 JKHpa ObUIO OIPEIeIeHO
B «KpecTbIHCKOM» CIIMBOYHOM Macie, KyIJIEHHOM Ha «JIeHuHrpasckoM pbiHKe» T. Mo-
CKBBI, B KOTOPOM >Kupa cojaepxkanoch 71,5 Bmecto 72,5%. A B 0Opasiue CIMBOYHOTO
macia u3 MYII «Bnagumupcekuil IeHTpaabHBIA PHIHOK» ObUIO OTMEYEHO IOBBIIIEHHOE
coJiepkaHue Biard (25,6 BMECTO TOMyCTUMBIX 25%).

Bmecte ¢ Tem, y Bcex oOpa3moB Macia, NpUOOPETEHHBIX HAa pBIHKAX,
OTCYTCTBOBaJla ATHKETKa, a Ha IIEHHHKEe Oblja yKa3zaHa HemNoiHas HH(opMarus
0 IIPOAYKTE, YTO TAKXKe cuuTaeTcs HHPpopMamoHHoi ganscuduxanueii [10].

Takum 00pa3oM, yCTaBIIEHO, YTO CIMBOYHOE MACIIO, PEaTU3yeMOe B TOProOBOM ceTH,
Yale BCEro MoJBEP)KeHO KaueCTBEHHOHM U MHPOpMAIIMOHHOHN (aabcuUKaUAM IIyTeM
CHIDKEHHSI COJIEpKaHHsl MOJIOYHOT'O JKHPa, IPUMECH KUBOTHOT'O JKUPA U PACTUTENBHBIX
Macel, a TakKe HaHeCEeHHs HeIpPaBHIbHOM peKIaMHON MapKUpPOBKM Ha 3THKETKY JaH-
HOTro npojykTa. Ha pbIHKax CIMBOYHOE MAacio Yalle peanusyercs ¢ Gpanbcudukanueit
COCTaBa U KayecTBa MPOJIYKTA.

s 6onee 3(h(heKTUBHOTO BBISBICHHS PA3TUYHBIX (PaTbCH(PUKAINI MBI HCITBITAJIA
9KCIPECC-METO/Ibl, TTO3BOJIAIONINE JOCTOBEPHO BBISABIATH HEKOTOPHIE BUJIBI MOIENIOK
macna. [lo HammM JaHHBIM, OT/IeTbHBIE (HaTbCUPUKAIIMN MOKHO OOHAPYKUTh pacIlIaB-
JeHueM Macia B ropsueit Boje (60—80 °C), MUKpOCKOIIHeH B KOMIPECCOPHUyME U TIpU
ocseteHnu Y ®-imygamu mon yriaom B 45—50°.
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Tak, HanpuMep, ¢ MOMOILbIO MUKPOCKOIIMU Macjia B KOMIIPECCOPUYME BBISIB-
JICHBI HAPYIICHU TEXHOJIOTHUU MTPOMU3BOJACTBA B o6pa3uax TOProOBbIX MapoOK ((HOMI/IK
B nepeBHey, «KpacHas nena», OO0 «OKoMUIK», a Takxke B 00pa3nax NpoayKTa
3 MVII «BnagumMupckuil HEHTpaJIbHBIA PIHOK» U ¢ «KONTEBCKOro ppIHKa», B KOTO-
PBIX OTMEYAJIN IMOCTOPOHHUC XKUPOBBIC WM PACTUTCIIBHBIC IPUMCCH, B T.4. IPUMCCHU
CJIIMBOYHOTO Maciia IPyTrux MapTuil Takoro npoaykra (puc. 2, b).

ITpu MukpoxonupoBaHuu oOpa3OB Macjia U BbIBEIEHUU M300paKEHUS C KOM-
[peccopruyMa Ha SKpaH TPUXUHEIUIOCKOIIA «CTEUK-V» 6b110 OIIPEAEIIEHO, YTO MaCJIO
TpaJAUIIOHHOTO cocTaBa (82,5%), mprodpererHHoe Ha pbiHKe «Omnonbey» r. Biagumupa,
MMEJI0 HEOAHOPOIHYIO [0 BUJLy M LIBETY MAcCy C HaJMYMUEM BKIIOYEHHUH, YTO MOXKET
CBUJETEIHCTBOBATH 00 UCIIOJIb30BAaHUU )KUPOB APYTHX BHUJIOB.

C moMo1IpI0 METO/Ia PacIUIaBICHHUs Maciia B TOpsiUeii BOJIE YAalI0Ch BBISIBUTH (haib-
cudukanuio B o0pasiax mMacia, IpruoOpeTeHHBIX Ha phIHKaX «Omnonbe» ropoaa Bia-
qumupa u «Konresckuit peiHok» r. MockBel. [Ipu 3TOM B cTakaHe ¢ ropsiueil BoJ0i
IPY PaCIUIaBIEHUH MAaCIIa BCIUIBIBAJIO HA TIOBEPXHOCTH OOJIBIIOE KOJIMYECTBO HKHUPOBBIX
Karesjb ¥ NPUMECH HEMacITHOTrO Ipoucxoxaenus (puc. 2, a, b). B macine «lloxonan-
HOE€» C IOMOUIBIO PACIUIABIICHUS B TOPSTYEH BOJIE OTMEUEHBI XJIOIbSI KOPUYHEBOT'O 1IBETA,
YTO CBUACTCIILCTBYCT 00 UCIOJIB30BaHUH ChIPbS HEMOJIOYHOT'O ITPOUCXOXKIACHU.

Puc. 2. MeTof pacnnasieHns CAIMBOYHOIO Macna B ropsiveli Boae
Fig. 2. Method of melting butter in hot water

Ipu n3menennu 1Bera moj oOyyenueM Y @-namroii Takxke OblIa BISIBIICHA (aib-
cu(uKanus y HEKOTOPhIX KYIUIEHHBIX 00pa3loB Macia. BelpakeHHbIE OTKIOHEHUS
B L[BETE€ MOKHO OBUIO YBUJETh B CIMBOYHOM Macie ¢ pbiHKa «Ononbe» r. Braanmupa
u macne «llloxonmamgnoe» ToproBoit mapku «Kpectbsiaka» (puc. 3, a). Macna ¢ ppIHKOB
«Konresckuii pprHOK» U T1I «JIeHnHrpaackuii ppIHOK» 1ox aAenucTsreM Y O-usinydeHust
M3MEHSUTH CBOH IIBET U OJHOPOIHOCTH Ha pa3pese, YTO TaKKe CBUAETENICTBYET O 00aB-
JIEHUHU K CIIMBOYHOMY Macily HEMOJIOUYHBIX KOHTAMUHAHTOB (puc. 3, b).
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a b
Puc. 3. MeTopn 065ny4yeHuns cnmsoyHoro macna Yd-namnoi
Fig. 3. The method of irradiation of butter with a UV lamp

3aknioyeHve

PesynbraThl NpOBEIEHHBIX HAMU UCCIIEA0BAHNI MO3BOJIIIOT 3aKJIFOUUTh, YTO B CIIH-
BOYHOM Macjle, peaju3yeMOM B Pa3INYHbIX TOPTrOBBIX MPEIIPUATHAX, J1OCTATOUHO
94acTO BBISBIISAIOTCS MOKa3aTeau (GaabCUPUKalUi, KOTOPbIE IIPU OPraHOJEeNTUIECKON
OLICHKE NPOJIyKTa BBIIBUTH JOCTATOYHO TpyaHO. IToaToMy LienecooOpa3HO OCyIIecTB-
JISITh IOTIOJTHUTENIbHbIE METObI MCCIIEA0BAHUS CIIMBOYHOTO Macia, IJIsl 3TOr0 MOYKHO
PEKOMEHIOBATh B BUJIE SKCIIPECC-METO/I0B KOHTPOJISI CJIMBOYHOI'O Macja pacIulaBlIeHUEe
ero B ropsiaeit Bozge (60—80 °C), MUKpPOCKOIMPOBaHKE C MOMOIIBIO KOMIPECCOPHyMa
n ocgenieHre Y @-jydaMy Npy MOCTYIUIEHUH €r0 B PEAIM3aliI0 KaK B TOPrOBOM CETH,
TaK U Ha pbIHKax. [Ipu 3ToM Hanbonee 3¢ HEeKTUBHBIMU MOYKHO CUUTATh METO]] pacIulaB-
JIEHUs CIIMBOYHOT'O Macjia B ropsiuei BOAE M UCCIEAOBAHHME C ITOMOIIBIO KOMIIPEC-
copuyma, a bosee ObIcTphIM — 00TydeHHe Y D-nammioi. Micronb30BaHNE TaHHBIX METO-
JIOB MICCJIE/IOBAHUS CIIMBOYHOTO Macja He TpeOyeT JOMOTHUTENbHBIX TEXHUYECKUX
CPEACTB MM XUMPEAKTHBOB, HO 00ECIIEUUBAET ObICTPOE U HAJEIKHOE BBIIBICHHE
¢danbcudukanuii 3roro npoaykra. iMeHHO MO3TOMY, € 1I€JIbI0 COBEPIIEHCTBOBAHUS
KOHTPOJISI CIMBOYHOI'O MacJia, IaHHbIE 3KCIIPECC-METO/IbI L[e1eCO00pa3HO BKIIOUUTD
B [IpaBuia BeTepMHapHO-CAaHUTAPHON SKCIIEPTU3BI MOJIOKA U MOJIOYHBIX MPOIYKTOB
B ycnoBusx ['JIBCD pbIHKOB, FOPOACKUX PACTIPEIETUTENBHBIX XOMOAUIBHUKOB U Y-
T'MX TOPTOBBIX MPEATIPUATHH.
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Abstract. The work is devoted to the improvement of laboratory control of cow butter, which is
sold in the chain stores and markets. The social relation of buyers to butter, its range in various retailers
are studied, and samples of the butter, acquired in chain stores and markets of Moscow and Vladimir, are
investigated. During microbiological studies, the presence of E. coli in the butter “Krestianskoe” was
established, which does not meet the safety requirements of this product. In addition, in this butter
was revealed a reduced content of milk fat 71.5% instead of 72.5%. Butter “Shokoladnoe” of the “Kres-
tianskoe” trademark had only 60% of fat content, instead of the declared 62%. The packaging of this oil
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is marked with a distorted label according to the shelf life and storage conditions, which indicates information
falsification. There is a mismatch in selected samples with the requirements of GOST and the stated indica-
tors, which indicates the need to develop additional methods for identifying various fakes in butter. It was
determined that by melting butter in hot water, by microscopying a product using a compressor
or by irradiating the surface of butter with UV rays, it is possible to quickly and reliably identify some of its
falsifications.

Key words: butter, veterinary and sanitary expertise, laboratory control, organoleptic characteristics,
microbiological studies, physicochemical properties, falsification, microscopy using compressorium,
UV radiation
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