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EFFECT OF BETA-AMINOBUTYRIC ACID
ON ACTIVITY OF PEROXIDASE
AND POLYPHENOL OXIDASE ENZYMES
IN CUCUMBER INFECTED
WITH NEMATODE MELOIDOGYNE JAVANICA

NiloufarMahmoudi

Peoples’ Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya Street, Moscow, 117198, Russian Federation
niloofarmahmoodi@ymail.com

Abstract. Beta-amino-butyric acid is introduced as an inducer of resistance in plants against plant
pathogens. In this research, the induction of some defensive compounds including peroxidase and polyphenol
oxidase enzymes by this compound against the rootstock node-producing nematode Meloidogyne javanica
in cucumber was investigated. The results showed that inoculation of cucumber roots infected with root-
knot nematode with the chemical composition of BABA from the first day after inoculation increased
the activity of peroxidase enzyme and reached its maximum on the fourth day of this activity. Induction
of the activity of polyphenol oxidase enzyme showed a gradual increase with a significant difference
in comparison to the control and healthy plants and reached the maximum on the fourth day. The electro-
phoresis of peroxidase isozymes showed that isozyme peroxidase forms in cucumber roots induced
by BABA were much more potent than pathogen-induced isozymes. In plants treated with nematode
plus BABA, two isozymes were Rf = 00.31 and Rf = 34/0, which were stronger than control (inoculated
with nematode).

Key words: induction of resistance, nematode generating root node, beta-amino-butyric acid,
peroxidase, polyphenol oxidase

INTRODUCTION

Nematodes generating root nodes (Meloidogyne spp.) are among the forced parasites
and most important group of nematodes of plant parasite throughout the world [1—3].
These nematodes have a worldwide spread and have a very complicated mutual relation-
ship with host compared to the other plant pathogens [4]. Various nematode killers
including Chloropicrin, ethylene dibromide, D-D compound (1,3-Dichloropropene;
1,2-Dichloropropane) and methyl bromide have been introduced to control these nema-
todes. But in addition to much costs of using these chemical substances, various envi-
ronmental dangers and problems have limited or prohibited use of them [5]. Induction
resistance is considered to be a biological protection method aiming to activate the defen-
sive system of plant and consequently limiting the pathogen’s activity. The created
resistance is not dedicated, is effective on a wide spectrum of pathogens, and varies

CROP PRODUCTION 7
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with antagonism in that active reaction of plant intervenes in this resistance. Also it is
distinguished from chemical methods given that inducing agents are not poisonous
for the pathogen [3, 6]. A group of agents such as pathogens (fungi, bacteria, viruses,
and nematodes) that induce the over-sensitivity phenomenon, strains with weak patho-
genicity or non-pathogenic, stimulants with pathogenic origin (Chitin, Glucan, proteins,
fats), not live stimulants including synthetic chemical compounds like 2,6-dichloro-
isonicotinic acid (INA), beta-aminobutyric acid (BABA), benzo-(1,2,3)-thiadiazole-
7-carbothioic acid s-methyl ester (BTH), salicylic acid, mineral salts, potassium phos-
phate and compounds with live organisms origins induce resistance in plants [7, 8].
The chemical composition of BABA is a synthetic non-protein amino acid that in many
species of plants induces resistance against fungi pathogens, bacteria, viruses and
nematodes [9, 10]. Oort and colleague (1960), for the first time, showed the induced
resistance in tomato against late burning disease in the plants treated by BABA [11, 12].
BABA through stimulating a plant to make physical barriers, accumulation of proteins
related to pathogenicity (PR-Proteins), phytotoxins, over-sensitivity reaction and rapid
production of active oxygen are effective in stimulating defensive mechanisms of the
plant against diseases.Different stimulators through a similar signaling route stimulate
defensive system of the plant. BABA also acts in different signaling routes including
salicylic acid, jasmonic acid, and ethylene. However, the complete mechanism of BABA
action on resistance induction is not exactly known [13]. Ben Rejeb (2018) showed that
BABA resistance in the mutants of Arabidopsis plant in which routes of salicylic acid,
jasmonic acid and ethylene were damaged [14]. Therefore, in addition to the mentioned
routes, it is possible that there are also other signaling routes for BABA. Plants always
resist against the plant pathogenic agents and pests through a wide range of defensive
compositions. Peroxidase and polyphenol-oxidase are among the enzymes related to plant
defense against a wide range of plant pathogenic agents. These enzymes are oxidative
and are involved in production and use of active oxygen, formation of lignin and other
oxidized phenols as defensive barriers for strength of cell construction [15, 16]. Kim and
colleagues showed that PR-1 is accumulated in the tobacco plants treated with BABA.
Powell and Hodge (2018) reported that in the Arabidopsis plants, applying BABA in leaf-
sprayed form even in low concentrations resulted in accumulation of proteins’ PR (PR-5,
PR-2 PR-1) [17, 18]. The chemical composition of BABA creates a systemic resistance
against peanut leaf spot disease (Cercosporidium personatum). Devran and Baysal (2018)
showed that in the greenhouse conditions, BABA only is an inducer such that reduces
this disease significantly [19]. Applying DL-2-Aminobutyric acid in soil has reduced
the number of created scabies by Nocobbus serendipiticus without damage to tomato
plants [12, 20]. Oka et al. (1999) demonstrated inducing resistance in tomato against
nematode generating root node using BABA, through showing its effect on reduction
of disease (evaluating number of scabies, number of nematode eggs and wet weight
of root and stem) [20]. Given the notable results of using BABA against nematode
generating root node by Oka et al. in 1999 [20], the impact of beta-aminobutyric acid
as a stimulant of the defensive system of plant to induce resistance in cucumber against
nematode generating root node was the objective of this research. In this investigation,
also the possibility of induction and the rate of activity defensive enzymes of peroxidase
and polyphenol oxidase have been evaluated.
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MATERIALS AND METHODS

Preparing M. javanica nematode population

After providing a plant sample infected to nematode, using Single egg mass method
and reproducing it consecutively on the roots of tomato seedlings of type Rutgers, its
purification and reproduction were performed. In most of the nematology investigation,
the egg and larvae of two nematodes are used in order to create an infection. However,
generally, because some eggs are not alive, using the second larvae of nematode is more
common. Extracting egg and providing second larvae was done using Hussey (1973)
method [21].

Preparing stimulant of beta-aminobutyric acid

Chemical substance of beta-aminobutyric acid (BABA) was supplied from Sigma
Company and its 20 mM concentration was used for experiments [20].

Investigating the activity of peroxidase
and polyphenol oxidase enzymes in cucumber infected
with the Nematode generating root node by inoculated with BABA

Disinfected cucumber seeds were planted in pots of 130 cm’® containing sterilized
soil (including sand, leafy soil, farm soil with the ratio of 1 : 1 : 1). In the 4—6 leafy stages,
the seedlings of cucumber were treated by the method of soaking soil-drench by 20 mM
solution of beta-aminobutyric acid. 10 ml of the mentioned solution was added to each
seedling [20]. One day after the treatment of cucumber seedlings with aminobutyric acid,
the population of 2000 second larvae was inoculated for any plant. In order to hold
constant the temperature around the plant root, pots were put in a big bath of water.
The temperature of the water inside the bath was 27 °C and the environment temperature
was set 27 + 2 °C.

In this experiment inoculation of cucumber seedlings with only nematode (evi-
dence), only BABA, nematode plus BABA and distilled sterile water as experiment
treatments were considered. In the evidence plants instead of BABA, the distilled sterile
water was used. After inoculation of seedling with nematode, a sampling of the plants’
root was done in days, 1, 3, 4, 5 and 7 after inoculation of plants with nematode. This
experiment was conducted with three iterations in the form of factorial experiment based
on a completely random plan.

Extracting protein from plant tissue

An amount of 0.5 g of the plant root tissue was grinded well in a Chinese mortar
that was cooled previously in the refrigerator using liquid nitrogen. Then 1 ml of a sample
buffer of phosphate sodium (pH 6) was added to it and fully homogenized. During the
whole work time, the mortar was in a bath full of ice. The resulting compound immedi-
ately was transferred to 1.5 ml micro-tubes and was centrifuged 13 000 rpm for 20 minu-
tes at 4 °C (inside the refrigerator). The surface extract was separated to do experiments
and was kept in —40 °C before performing an experiment [22].

Evaluation of the total soluble protein in the extract

Evaluation of the total soluble protein in the extract including providing standard
curve using standard protein (bovine serum albumin, fraction 5) according to [23]. For
the end, 20 pl of the extract of each sample was blended with 3 ml of Bradford reagent
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in a little test tube then the amount of light absorption was read in wavelength max = 595
using the spectrophotometer. For each sample, three iterations were considered. The total
amount of protein of each extraction was calculated using a standard curve.

Evaluation of the rate of peroxidase enzyme activity was made by [24] method.
2 ml of reaction mixture including some of the extract containing 40 mg protein,
20 micro-liters Guicoll and a sufficient amount of buffer 25 mM phosphate citrate
(5.4 pH), such that the final measure is 2 ml, was blended in a test tube and spectropho-
tometer device was zeroed using this compound in wavelength A, =475 nm. Then 10 pl
of peroxidase hydrogen 30% was added to the mixture and was blended rapidly and
changes of light absorption by 10-second intervals and for 1 minute was measured.
The activity of enzyme was calculated in the form of changes of light absorption in a mi-
nute in mg protein.

Evaluating the rate
of polyphenol oxidase enzyme activity

2 ml of the reaction compound including some of the extract sample containing
40 mg protein, 20 ul of proline solution and a sufficient amount of buffer of 25 mM
phosphate citrate (pH 6.4) was blended completely in a little test tube, such that the final
measure is 2 ml, and this mixture was aerated for 2 minutes by vortex. Then spectrometer
device using this compound was zeroed in wavelength max = 515 nm. Then 40 ul
of 100 mM Pyrocatechol solution was added to above compound and rapidly was
blended and immediately the changes of light absorption was measured by 10-second
intervals for 1 minute. The activity of the enzyme was calculated according to the changes
of light absorption per minute in every mg of protein [24].

Indigenous electrophoresis (Native-PAGE)
of peroxidase Isozymes

Indigenous electrophoresis using separator gel 12% and compactor 6% was
conducted. In each well, some extract containing 30 pg protein was poured and the final
volume of each well was reached to 35 ul using the sample buffer. Voltage in the com-
pacting gel stage 75 V and in the separator gel stage 100 V was considered. Then the gel
run through the glass plates exited and several times was washed by stilled water. Then
in the buffer citrate-phosphate, 25 mM containing Glycol with the final concentration
of 5 mM and pH 5.4 was put for 30 minutes on the shaker. Then 1 percent of hydrogen
peroxidase was added to it drop by drop. After some moments brown bands showing
peroxidase isozymes appeared [25].

RESULTS

Evaluating the rate of peroxidase enzyme activity

As it is observed in figure 1 in the two treatment of inoculation of seedlings with
BABA only and with BABA plus nematode, the enzyme activity rate in day 1 and 3 had
no significant difference with evidence (inoculated only with nematode), but since
day 4 these two treatments had a significant difference with evidence. In the plants related
to these two treatments and evidence, the maximum activity of the enzyme was observed
in day 4 after inoculation with the nematode. The healthy plant treatment in day 1,
5 and 7 had no significant difference with evidence but in day, 3 and 4 had a sign with
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evidence. In addition, the activity of peroxidase enzyme in the treatment of cucumber
inoculated with BABA plus nematode in consecutive days increased with a significant
difference compared to each other but there was a significant difference in days 5 and 7
of this treatment.
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Figure 1. The effect of beta aminobutyric acid (BABA) on the activity
of peroxidase enzyme in the root of cucumber infected with nematode generating root node.

The numbers of this table are average of three iterations. Numbers having same letters, according to
Danken'’s test has not a significant difference in level 5%. The activity of peroxidase enzyme has
been shown in the form of changes light absorption in 475 nm per minute per mg protein

Evaluating the rate
of activity of polyphenol oxidase enzyme

Two treatments of seedlings with BABA plus nematode and BABA only and
treatment of healthy plant in day 1 with evidence (inoculated with nematode) had
no significant difference but in days, 3 and 4 had a significant difference with evidence.
The activity of the enzyme in treatment with BABA plus nematode in day 3 and 4 had
no significant difference with each other and the maximum activity of the enzyme was
in day 4 (figure 2).
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Figure 2. The effect of beta-aminobutyric acid (BABA) on the activity of polyphenol peroxidase enzyme
in the seedlings of cucumber infected with nematode generating root node.

The numbers of this table are average of three iterations. Numbers having same letters, according
to Danken’s test hasn’t a significant difference in level 5%. The activity of polyphenol peroxidase enzyme
has been shown in the form of changes light absorption in 515 nm per minute per mg protein
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Electrophoresis of peroxidase isozyme

As it is observed in figure 3, the bands of peroxidase isozymes are in red to brown
color with a relative movement of R;=0.31 and R;= 0.34.

A: bands of peroxidase isozyme are related to treating cucumbers inoculated with
nematode plus BABA. In this treatment, two isozymes with R;= 0.34 and R;= 0.31 has
been expressed that compared to the evidence (inoculated with nematode only) of healthy
the plant (D) the bands have been expressed stronger. Isozymes with R, = 0.34 I the
healthy plant compared to this treatment was weaker in terms of density.

Stacking gel

Resolving gel

Re= 0.31

R| = ()3“

Figure 3. Indigenous electrophoresis of the peroxidase enzyme in the seedlings
of cucumber infected with nematode generating root node inoculated with BABA
and comparing it with a healthy plant respectively:

A: nematode plus BABA, B: BABA, C: nematode, D: healthy plant

B: bands of isozymes peroxidase is related to the treatment of seedlings of cucum-
ber inoculated wit BABA in which two isozymes with R, = 0.34 and R; = 00.31 have
been expressed that compared to a healthy plant, isozyme with R, = 0.34 is very weak
in the healthy plant while in this treatment was observed with a notable density. Then
it can be concluded that this isozyme is more important in the defensive mechanisms
of the plant.

C: bands of isozymes is related to the treatment of cucumber seedlings inoculated
with nematode (evidence) that compared to the treatment of nematode plus BABA,
isozymes are weaker in density.

D: isozymic bands are related to the healthy plant. In this treatment, two isozymes
with R;=0.31 and R, = 0.34 have been expressed very weakly.

DISCUSSION

In plants confronted with microorganisms and development of mechanic damages,
important physiologic changes are induced and generally, enzymes and defensive
compositions of the plant are activated. Inducing resistance by increase and synthesis
of the set of chemical substances occurs during a set of complicated reaction in the host
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plant and cause stimulation of defensive system of the plant. Many substances have
protein nature including defensive enzymes of peroxidase in the ligninization process,
production of suberin and tannin (physical and chemical barriers) that intervene
in the permeability the plant tissue against nematode generating root node. Despite
important developments, regarding different stimulants and the defensive responses
of plants are available but there is little information about the induced enzymes by BABA.
In the recent study from the three isomer aminobutyric acid (o, B, ), the isomer 3 was
used. It has been found that BABA moves in plants systematically and explains some
of the systemic protection that is created by BABA against plant diseases. In addition,
induction of signal transmitters including salicylic acid and jasmonic acid also com-
plement the systemic induction in the plant [16]. In this research, the induction resistance
markers like peroxidase (POX) and polyphenol peroxidase (PPO) were used for exami-
nation. Peroxidase enzyme as a systemic induced and a marker is necessary for resistance
induction in the plant to create cross-link and strengthening cell wall [26]. This enzyme
by intervention in the final stage of lignin production increases the resistance against
disease [18]. That for the end, the peroxidase of cell wall needs H,0, and monolignal
radicals [27]. The activity of peroxidase enzyme in the cucumber was measured by four
different treatments including only nematode, BABA plus nematode, BABA only and
healthy evidence. From the results of the examining the activity of peroxidase enzyme,
it is inferred that BABA in the experiment has increased the activity of peroxidase
enzyme. The activity of peroxidase enzyme began from day 1 after nematode inoculation
and in day 4 reached its maximum activity, and then in the next days reduced gradually.
The reduction that was taken place in the evidence harshly and in the other treatments
very slowly is a reason for the sustainability of resistance induction effect by BABA.
Similar to these results, the increase of peroxidase enzyme in the roots of cucumber
treated by P.corrugata bacteria was observed against Pythium aphanidermatum fungi
[28, 29]. Vasanthi et al. (2017) showed that treating rice by Pseudomonas fluorescens
bacteria resulted in induction of systemic resistance against Rhizoctonia solani and
the result of this resistance was increase of activity of kitinase and peroxidase enzymes
activity. Castagnone-Sereno (2012) reported that peroxidase enzyme is involved
in the resistance to nematode Meloidogyne spp. [30]. Also it was found that changes
of activity of the peroxidase enzyme showed the biochemical changes of plant and some
of resistance reactions [22, 31]. Reuveni and Bothma (1985) showed that increase
of resistance of tomato plants inoculated with acibenzolar-S-methyl against bacterial
canker of Clavibacter michiganensis ssp. [22]. C. michiganensis is associated with
significant increase of activity of peroxidase and kitinase enzyme. In this study, also
the activity of polyphenol oxidase enzyme in the cucumber was measured by the men-
tioned treatments. BABA resulted in an increase of activity of this enzyme compared
to healthy plant and its activity had a significant difference with evidence (inoculated
only with nematode). Therefore, BABA causes significant increase of activity of poly-
phenol oxidase in the roots of cucumber against nematode M. javanica. Reuveni showed
that polyphenol oxidase enzyme in the roots of tomato increases at the temperature
of 30 °C against nematode generating root node [22]. Also, it has been found that
polyphenol oxidase in tomato plants is expressed very much and it is accompanied
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with an increase of resistance to pathogens [32]. Shikano et al. (2018) identified
in the roots of tomato infected with nematode generating root node Meloidogyne spp.
genes in the defensive mechanisms of the plant that induces enzymes like polyphenol
oxidase, catalase, lipoxygenase and peroxidase. The role of polyphenol oxidase in pro-
ducing resistance in the Penisetum glaucum plant against Sclerospora graminicola was
also demonstrated by [33, 34]. Considering the results obtained from changes of activity
of the two-peroxidase and polyphenol oxidase enzymes in this experiment it can be said
that nematode after reaching root and penetrating inside the root tissue, naturally hurts
the root and through a lot of intercellular movement in the root tissue reaches the nutri-
tion place. This penetration and movement of pathogen due to that is intercellular and
does not destroy cells along its way results in the induction of defensive metabolites
in a very little amount. By the introduction of nematodes into plant, some secretions are
produced by the nematode that influences the biochemical reactions and accompanies
with stopping some of the biochemical reactions and naturally reduction of synthesis
of compositions and defensive enzymes [12]. Therefore, in the treatment with nema-
tode, only the amount of induction of defensive enzymes of POX and PPO compared
to the treatments inoculated with BABA 1is fewer significantly, while BABA causes
the increase of induction and synthesis of peroxidase and polyphenol oxidase greatly.
More research is needed about the effect of BABA on the other plants hosting nematode
generating root node and other species of nematode on the mechanisms of action
of BABA in producing resistance to nematode generating root node in cucumber.

CONCLUSIONS

The results showed that inoculation of roots of infected cucumber with root-knot
nematode with the chemical composition of BABA from the first day after inoculation
with nematode increased the activity of peroxidase enzyme and reached its maximum
on the fourth day of this activity. Induction of the activity of polyphenol oxidase enzyme
showed a gradual increase with a significant difference in comparison to the control
and healthy plants and reached the maximum on the fourth day. The electrophoresis
of peroxidase isozymes showed that isozyme peroxidase forms in cucumber roots
induced by BABA were much more potent than pathogen-induced isozymes. In plants
treated with nematode plus BABA, two isozymes were R, = 00.31 and R; = 34/0, which
were stronger than control (inoculated with nematode).
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BJINAHUE BETA-AMUHOMACJISHON KUCJ10ThlI
HA AKTUBHOCTb NEPOKCUAA3bI U MOJIMDEHOJ1-OKCUOA3bI
Y PACTEHUW OIYPLA, MOPAXEHHbIX
HEMATOA40W MELOIDOGYNE JAVANICA

Niloufar Mahmoudi

Poccuiickuii yHHBEpCUTET OpyxKOBI HAPOIOB
117198, Mockea, yr. Muxnyxo-Maxnas, 0. 6

AHHoTanus. bera-aMuHOMAc/IsIHAas KUCJIOTa BBOAUTCS B KaueCTBE MHIYKTOPa YCTOMUYUBOCTHU
pacTeHuil k maToreHaM pacteHuid. B nanHoil paboTe ObLIa HccIeJ0BaHa HHAYKLUS HEKOTOPBIX 3aIl{UTHBIX
COEIMHEHHH, B TOM 4Hclie HhepMEHTOB EepOKCHIa3hl M TOM(EHOIOKCHAA3E! STHM COSANHEHNEM, TTPOTHB
HemaTonsl Meloidogyne javanica, MponylUpYIOIIEH y3ea1 KOpHEBUINA, B oTypie. Pe3yabpTaTsl moka3aiy,
YTO MHOKYJISLUS KOPHEH 3apa)K€HHOTI'O Oryplia HEMATOON U3 KOPHEBBIX Y3JI0B C XUMHYECKHM COCTaBOM
BAMK c niepBoro JiHsI mociie HHOKYIISAIMKA HEMATOION yBEIMYMBaia aKTHBHOCTh (DepMeHTa epOKCHAa3bI
1 JOCTHUTaja CBOEro MakCHMyMa Ha YeTBEPTHIN JeHb 3TON akTHBHOCTH. VHIYKIHS akTHBHOCTH (hepMeHTa
1o eHOIOKCH Ia3bl [T0Ka3ana IOCTENEHHOE YBEIMUEHUE CO 3HAYUTEIbHON pa3HUIel 10 CPaBHEHUIO
C KOHTPOJILHBIMH U 3I0POBBEIMH PACTEHUSIMH M JIOCTUTIIA MAaKCHMyMa Ha YeTBEPTHIN JIeHb. DIEKTpodope3
MePOKCHIA3HBIX U303UMOB ITOKa3all, YTO N30(epMEHTHbIE TePOKCHIa3HbIe HOPMBI B KOPHSIX OTypIia,
naaynuposanusle BAMK, ropasno 6oinee >3QpQeKTUBHBI, YeM HUHIYLUPYEMble IATOTCHOM U303UMBI.
V pacrenuii, 06padoranHbx HemaTonoil mnoc BAMK, nBa usodepmenta umetor Rf = 00,31 u Rf = 34/0,
KOTOpBIE SIBIIOTCS O0Jiee CHIbHBIMH, YeM KOHTPOJb (MHOKYJIHPOBAaHHBIE HEMATOIOMN).

KiroueBbie ciioBa: UHIAYKOUA PE3UCTCHTHOCTH, KOPHEBAsA raJuioBas HEMaToaa, OeTa-aMHUHO-MacIs-
Has KMCJIOTa, IIEPOKCcHUaa3a, HOJII/I(I)EHOJIOKCI/IIIaBa
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Annortanus. [IpoGnema onpeneneHus: HOTEHIMANIA COJICYCTOMYMBOCTH IMIICHUIIBI — OJ[HA U3 Hau00-
Jiee aKTyaJIbHBIX B CEJIEKIIMOHHOMN MPaKTHUKE AJI PallOHOB C IEPBUYHBIM M BTOPUYHBIM 3aCOJICHUEM.
Hannuune 6ompmux miomaneid 3acOJeHHBIX T0YB SBISETCS 3HAYUTENBHBIM IPETSITCTBUEM [UIS POCTA,
pa3BUTHS U CTaOWIIBHOCTH MOTYYEHHS BBICOKOT'O YPOXKast CEIbCKOXO03SHCTBEHHBIX pacTeHHi. B cBsi3u ¢ aTum
CYIIECTBYET HEOOXOJUMOCTh BCECTOPOHHETO M3YyUEHHUS M YCOBEPILIEHCTBOBAHMUS METO/IOB THATHOCTHKH
Ha paHHHX dTamax OHTOreHesa. J|yisi MICHTU(HUKAINE MAapKEPOB COJNCYCTONYMBOCTH OBUTH B3STHI Pa3HEBIE
TeHOTUIBI MeHuls! Triticum aestivum n Triticum durum. B xadecTBe MapKepoB COJICYCTOWYMBOCTH ObLTH
HCTIONB30BaHbI KaK MOP(POMETPHIECKUE TIOKA3aTEIN COPTOB MIIEHHIIBI, TAK H HEKOTOPBIE OMOXUMUYECKUE
nmapamerpsl. Ha 1aHHOM STare ObUIO MMOKa3aHo, YTO IS OLCHKH YCTOHYHMBOCTH COPTOB IMIEHHIIBI K JIeH-
CTBUIO XJIOPUJIHOTO 3aCOJICHUS] HEO0X01MMa BCECTOPOHHSS XapaKTEPUCTHKA COPTOB MIIIEHHIIBL.

KioueBsie cioBa: mueHnna, NaCl, ycToiHYMBOCTE, pyJIOHHas KyJbTypa, peHOTHITHYeCKHEe U OHOo-
XHUMHYECKHUE MapKephl

BBEOEHUE

N306bITOUHOE 3acoseHre MOYBbl HEOIAronpUATHO I OOJIBIIMHCTBA KYJIbTYPHBIX
pactenuii. Conn BIUSIOT Ha GU3NOJIOTHYECKUE, OMOXUMHUYECKHUE U MOJIEKYJIIpHbIE
(YHKIMHU pacTeHUH U, CIIe0BATENbHO, IPUBOAAT K CHH)KEHHIO IPOTYKTUBHOCTH U Kaye-
CTBA CEIbCKOXO3AMCTBEHHBIX KyJBTYp BO BceM mupe [1]. Ilnomanu 3aconeHHbIX cellb-
CKOXO3SIICTBEHHBIX YIOAMI UMEIOT TEHICHLUIO K IIOCTOSSHHOMY YBEJIMYEHUIO B PE3YIIb-
TaTe MPOLIECCOB BTOPUYHOIO 3aCOJIECHHs, KOTOPOE €XKEr0HO IPUHOCUT OOJIBIION ypOH
MHOTUM OTpacJIAM PaCTCHUEBOACTBA U OrPAaHUYMBACT UCIIOJIb30BAHUE IUIOIIAAEH 10
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CEeJIbCKOXO03SIICTBEHHBIEC KYJIbTYpPbl B 3aCYLIIUBBIX paliOHax Hallei crpassl [2, 3].
OO1mras oAb 3aCOJIEHHBIX TOYB B MUpE cocTaBisieT 6osee 950 muH ra [4]. YBenu-
YeHHEe MUPOBOTO 00beMa MPOM3BOJICTBA 3€PHOBBIX 3JIaKOB, s Poccuu B yactHOCTH,
ABIISIETCA KpaiiHe akTyalbHbIM. [1oTpeOHOCTH yBEINYEHUs TPON3BOICTBA MOTYT OBITh
YZIOBJIETBOPEHBI 32 CUET PACIIMPEHHs TEPPUTOPUH KYJIbTUBUPOBAHUS W/WIN TOBBIIIE-
HUS YPOKaHHOCTH HamOoJIee pacipoCcTpaHeHHOH B Poccuu 371ak0BOM KyJIbTYphI MATKON
neHuusl (Triticum aestivum Host.). OCHOBHBIMM NPENATCTBUAMU JJIs1 PaCHIMPEHUS
MIOCEBHBIX IUIONIAIeH MIIEHUIIBI ABISAIOTCS abMOTHYEeCKHE (aKTOphl (X010, 3acyxa,
3aTOIUICHHE, 3aCOJIEHHE, BBICOKAsi KUCJIOTHOCTh U JIp.), K KOTOPBIM HILIEHUIA HEeJI0CTa-
TOYHO YCTOMYMBA, BBI3BIBAIOLINE 3aMETHOE CHUYKEHUE ypokailHOCTU. B HacTosmee
BpEMS 3aCOJICHUE MTOYBBI OTHOCUTCS K OHOMY W3 OCHOBHBIX JIMMUTHUPYIOLIIUX (hakTo-
POB, HETaTUBHO BJIMSIOLIMX HA POCT M PA3BUTHE NIICHUIBI. B yCaoBUAX 3acOoieHUS
y MIIEHULBI TaJaeT YPOKAUHOCTh U YXYIIAETCA KaueCTBO 3epHa (pa3Mep, paBHOMED-
HOCTb, BBITIOJTHEHHOCTH [5—8].

[TpoGnema omnpeneneHus MOTEHIMANA COJICYCTOMYMBOCTH MIIEHUIBI — OJHA
u3 Han0OoJee aKTyalbHBIX B CEJIEKIIMOHHOW MPAKTHUKE ISl PETMOHOB, I KOTOPBIX
XapaKTepHO KaK MEepBUYHOE, TAK U BTOpUYHOE 3acojeHne. HeoOxoauMocTh BcecTo-
POHHETO U3y4YEHHsI U YCOBEPILIECHCTBOBAHHS METOAOB JUAarHOCTUKU HA PaHHMUX 3Tamax
OHTOI€HE3a ONPEEIIACTCS HAIMYMEM BO MHOTHX CTpaHaX 3aCOJICHHBIX [IOYB, 3aHUMa-
FOUIMX OOJIBIINE TUIOIAIH, TPEACTABISIONNX 3HAYUTEIILHOE MPESTCTBUE IS POCTa,
Pa3BUTHS U CTAOMJIBHOCTHU TOJYUYEHHUs BBICOKOTO YPOKasi CebCKOXO03IMCTBEHHBIX
pactenuii [9].

N3BecTHO 0 pa3nuuusax B COIECYCTOMYMBOCTH OTAEIbHBIX BUJIOB IMIIEHUIIBI, @ TAKKE
0 BO3MOXXHOCTH HCIOJIb30BAaHUS TUKUX BUOB IS MIOBBILIECHHS TOJIEPAHTHOCTH K COJIH,
YTO CBSA3BIBAIOT C YYACTHEM COJIEYCTOMUMBBIX T€HOTUIIOB U J1aXKe rajJo()UTOB B T€HOME
COBPEMEHHBIX KYJIbTYpHBIX mieHutt [10].

OpHuM U3 cnoco0oB, MO3BOJSAIONIIUX IPEOAOJIETh HEraTUBHOE BO3JCHCTBUE
(axTopa 3acoNeHNUs, CIIy>KUT UCIIOJIb30BAaHUE TOJIEPAHTHBIX K 3aCOJICHUIO CEIEKIMOH-
HBIX JIMHUH ¥ COPTOB MIICHUIIB. D((HEeKTUBHAS BCECTOPOHHSS OLEHKA H OTOOp TaKHX
JUHUHN JTOJDKHA CTaTh HA/IEKHBIM MHCTPYMEHTOM IS aJpeCHOT0 Moadopa COpTOB
B 3aBUCHMOCTH OT KIIMMAaTHYECKUX, XUMHUUECKUX U MEXaHUYECKUX YCIIOBUM KyJIbTHBHU-
pOBaHMsI B KOHKPETHOM X03stiicTBe. OHaKO JUIs 00ecneyeHns] ONTUMAIBHOTO 1T0100pa
MIPEJICTaBISIETCA BAXKHOM HaJIe)KHAs OLEHOYHAsI CUCTEMA, MO3BOJISOIIAS IO MPOCTHIM
JOCTYITHBIM IapaMeTpaM OLEHUBATh MPOLIECCH, CIIOCOOHBIE MPOSIBIIATHCS HA MO3HUX
JTanax MpH 3akjiajgke ypoxkas. s monydeHus noiaHoi nHdopmanuu Haubosee nep-
CHEKTHUBHBIM SIBIIIETCS COBOKYITHOCTH JAHHBIX MOP(OIOTHIECKUX H COBPEMEHHBIX
OMOXMMUYECKUX HCCIIEOBAHUHN, a TAKXKe UCCIIEJOBAHUN, XapaKTepU3YIOIIUX U3Me-
HeHus Ha yposHe coctostHus JIHK. IToaTomMy kpaiiHe Ba)XHBIM SIBJISETCS IOTYYUTh
MEPBUYHBIE XapaKTEPUCTUKH YYBCTBUTEIBHOCTH POCTOBBIX IPOLIECCOB.

Y CcTONUNBOCTE PacTeHUH K 3aCOJCHHUIO 00YCIIOBICHA HAIMYUEM CIIeNU(PUIECKUX
WIN HecTIeHU(pHUECKUX MEXaHU3MOB obecrieueHus cTabuiIbHOro Metabonnu3ma, pocta
Y Pa3BUTHS B OHTOTEHE3€ PACTEHUS, CBSI3aHHBIX C UyBCTBUTEIBHOCTBIO K OJJHOMY HMJIU
HECKOJIbKUM BHJIAM CTPECCOBBIX (DAaKTOPOB, @ UMEHHO K OCMOTHYECKOMY, OKHUCITHTEIb-
HOMY WJIM TOKCUYECKOMY cTpeccoBoMy Bo3aeicTauio NaCl [11].

CROP PRODUCTION 19



Kononenko H.B. u np. Becmnux PY/{H. Cepus: ATPOHOMHA 1 >KUBOTHOBO/CTBO. 2019. T. 14. Ne 1. C. 18—39

Jist 3¢p(heKTUBHOM OLIEHKU Pa3IMYHBIX T€HOTHIIOB OYE€Hb Ba’KHBI METOJIbl paHHEH
JUArHOCTHKH, KOTOPBIE CYIIECTBEHHO COKPALAIOT BPEMEHHBIE 3aTPaThl CEIEKIINOHE-
poB [1]. OnHako B HacToslIIee BPEMSI yCTaHOBIJIEHO, YTO YCTOWYMBOCTh U YYBCTBUTEIb-
HOCTb K OCMOTHUYECKOMY U MOHHOMY Bo3/ieicTBHIO NaCl GONBIIMHCTBA CETbCKOXO035TH-
CTBEHHBIX PAaCTEHUI Ha Pa3HbIX CTAAMAX OHTOIEHE3a CYLIECTBEHHO oTindaercs [12].
Tak, pacteHus, KoTopble OyayT HEyCTOHUMBBIMU MPH aHAIN3€ NPOPACTaHUS B IIPUCYT-
CTBHH COJIM, MOT'YT 00J1a1aTh BBICOKOM 4yBCTBUTENILHOCTBIO, U HAIIPOTHUB, BbIIEPKUBATh
BBICOKHME KOHILIEHTPALUU COJIM BO B3pOCIOM cOCTOSIHUU. C Ipyroil CTOPOHBI, OTCYT-
CTBUE MHTHOMPOBaHMsI pocTa He oOecreyrBaeT yCTOMYMBBIN yposkail 1 HOpMaJIbHOE
TeHEePaTHBHOE Pa3BUTHE, TAK KaK PACTEHUsI MOTYT OBbITh HEUYBCTBUTEIIbHBI K I€HCTBUIO
COJIM ¥ HE TIPOSIBIIATH KaKOM-TMO0 3aMeTHON peakiuu [12].

Iloka3aHo, 4TO NPH UCNIOIB30BAHUHU JABYX METOJOB JUATHOCTHKH HE MOTY4EHO OJU-
HAKOBBIX PE€3yJIbTATOB B OTHOLIEHHWHU COJIEYCTOMYMBOCTU M3YYEHHBIX COPTOB SIPOBOM
neHulpl [4]. Criepyer 0XXuaarh, 4To B psAe CIy4YaeB B CENEKIMOHHOM MPOLIECCE MOTYT
IPUCYTCTBOBATh F€HOTUIIbI, B KOTOPBIX OyJeT HAOII0IaThCsl U 3aBUCUMBII OT cTauu
OHTOI'€HE3a NPOLIECC BOSHUKHOBEHUS WJIM OTEPH yCTOWYNBOCTH KYJIbTYPHBIX 371aKOB.

JU1s1 yCKOpEHUsl CEeIeKLIIMOHHOTO Mpoliecca He00X0IMMO HICHTU(PHUIIUPOBATh Map-
KEpBbI, CBA3aHHBIE C YyBCTBUTEIIBHOCTHIO M YCTOMYMBOCTBIO MIICHULBI K 3aCOJICHUIO.
Llenbto HACTOAIIETrO MCCIEOBAHUS SBIIACTCS paHHSs, HA CTAJUM NPOPOCTKOB, I he-
pEHLMAIbHAS JUATHOCTHKA YCTOMYMBOCTU COPTOB MSTKOW M TBEPAOH NILEHULBI IPOBOU
1 03UMOM (POPM K XJIOPUIHOMY 3aCOJIEHHIO JUIS BBIABICHUS (PEHOTUIIMYECKHX U MOJIe-
KYJIIPHBIX MUIIEHEH 4yBCTBUTEIIBHOCTH.

MATEPUAJ1Ibl U METOADI

ObbekT ncciaenopannsa. OObEKTOM U3YUeHHUs TOCITYKWIN 16 COPTOB MSTKOH MIIe-
uutel (Triticum aestivum Host.) sipoBbix ¢hopm (Arara, Bapsr, lapes, 3nata, JIusa,
OpenOyprckas 13, OpenOyprckast 22, OpenOyprekas 233, Yautenb, cTep) U 03UMBIX
dopm (OKemuysxuna [ToBoswkes, Kamay, Muponosckas 808, MockoBckast 39) u TBepaoit
neHuns! (7riticum durum Desf.) spoBoit ¢popmbl: Opendyprekas 10 u OpenOypr-
ckas 21 u3 xomuexkuun TCXA M. KA. Tumupsizea, ®I'bHY denepanbHoro HayuHoro
nentpa PAH, Open6ypr, Poccust u ceneximonHoro rientpa « HemunHoBkay.

B crepuibHbIx yamkax I[letpu Ha GuibTpoBaIbHON OyMare, yBIaKHEHHOW JTUCTHII-
JMPOBAHHOM BOJIOM (KOHTPOJIb) WJIM PACTBOPAMU COJI€H (OMBITHBIE BAPUAHTHI), IIPO-
BOJIMJIM ONpe/ETICHNEe BCXOXKECTHU CeMsH. [ co3aHusl XJIOPUIHOTO 3aCOJICHUs UC-
nons3oBanu 150 MM pactBop NaCl. O6bem BbiOopkr — 50 ceMsH B TPEXKPaTHOM
HOBTOPHOCTH JJIsl KQXJIOr0 BapuaHTa. Yalku ¢ ceMeHaMH IOMEeIaId B TepMOCTaT
TCO-1/80 CITY ¢ temnepatypoii 22—24 °C. Ha mectoii 1eHb SKCIepUMeHTa onpejie-
JISUTA BCXOKECTh CEMSH.

O1neHKy 4yBCTBUTEJIBHOCTH K XJIOPUAHOMY 3aCOJIEHUIO NMPOBOAMIN METOJIOM
pynoHHO# KynbTypsl [13]. B akcniepumente Opamu 50 cemsiH, B 3 moBTOpHOCTSIX. OTOH-
paJM BBITIOJTHEHHBIE CEMEHa, He UMeIoIIne AeopMalnii, OBPEkKISHHA MTOBEPXHOCTH
WJIM 3apOJibIllIa U IPU3HAKOB MOBPEX/CHUH naroreHamu. CemeHa 00pabaThIBaIM B BOJI-
HOM pPacTBOpPE TMIOXJIOPUTA HATpUs B TeyeHHe 15 MuH ¢ mocienyrouiei 3-KpaTHoi
MPOMBIBKOW CTEpWIbHOUM Bosmol. Ha 20-Tu cM mosocku QriibTpoBaIbHOM Oymarw,
LIMPUHOM 2 CM, pacKJIaJbIBaJIA CEMEHA HA PACCTOSIHUU 1 CM OT BepXHero kpasi. PysioHsl
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MOMEIIATIHN B CTaKaHbl, 100aBIsuIM 150 M1 TUCTHUIIIMPOBAHHON BOABI (KOHTPOJIB) MU
150 MM pactBopa NaCl. Crakansl momeriainy B KIMMOKamepy. BripamuBanue nposo-
iy 1ipu 24 °C ¢ UCKYCCTBEHHBIM OCBEILIIEHHEM, 00€CIIeYeHHbIM JIaMIIaMU THEBHOTO
cgeta (5000 nx) neHs/Houb — 10/14 gacoB cooTBeTCTBEHHO. Uepes 6 cyTOK onpenessuin
BEC CHIPO U CyXOl OMoMacchl, [UIMHY TJaBHOTO KOPHS, [UIMHY 1o0era, OOUIyIo JTHHY
IPOPOCTKA.

PacuyeT OCHOBHBIX CTaTUCTHYECKHUX IMapaMeTpPOB INPOBOAMIIN 110 CTAHJAPTHBIM
METO/IMKaM, a TaK)Ke HCIOJIb30BAIMCh MPOTPAMMBI Ul CTATUCTHYECKON 00pabOTKH
mauuberx Statistica 6.0 u STATAN.

OxkpamuBaHue NpenapaToB TPUNAHOBBIM CMHUM. [IprXu3HeHHOE OKpallu-
BaHME KOJCONTHJIS TPUMAHOBBIM CUHUM — 0,5% BOJHBIM pacTBOPOM IPOBOIUIH
B TEUECHHE 5 MUH. C 3-KpaTHOW NPOMBIBKOW. Busyammsanus oCylecTBisIach ¢ IO-
MOIIIBIO CBETOBOM MHKpockonuu (Mukpockorn Olympus BX51, o6sextus x10. HM306pa-
KEHMs ToJTyday ¢ nomouibio nugposoii kamepsl ColorVien (I'epmanus).

dayopecieHTHAA MUKpockonus. KoHunk xoneontuis (4—5S MM) MpopocTKa
MILIEHUIIbI OT/ASNISUIN U MIOMEILAIM Ha TIPeIMETHBIE CTEKJIa B KAIUTIO BOJIbI HE MEHee 5 IIT.
Ha ctekio. [ nprwku3HeHHoH BU3yanu3anuu B kieTkax ADK ncnonb3oBanu BOIHBIN
pactBop Carboxy-H2DFFDA (Thermo Fisher Scientific, CIIIA), B KOHIIEHTpanuu
25—50 M, Bpems uHKyOauu coctaBisio 30 MUH C Mocheayromen 3-KpaTHOH Mpo-
MBIBKOH B JJUCTHTMPOBAHHOM BOJIE. 3aTE€M JKUBBIE KOPEILIKH ITOMEIIAIH B SKCIICPUMEH-
TaJIbHbIE PACTBOPHI 0€3 KpacUTeJIsl.

[Tpwxu3HEeHHBIE TIpenapaThl aHATU3UPOBAIINA C HCIOIb30BAaHUEM MHUKPOCKOIA
OlympusBX51 (SInmonus), o0bextuB X10, nmpu mmHe BoiaHbI 490 HM. M300pakeHus
MoJTydaiy ¢ momolipio nudposoii kamepsl ColorVien (I'epmanus).

Cratuctuueckyto 00pabOTKy JAaHHBIX IIPOBOAMIM C IPUMEHEHHEM IPOTPAMMBI
Excel.

Boiiesienne JJHK. 6-nHeBHBIE KOJIECONTUIM U3 Pa3HBIX COPTOB MILIECHUIIBI M BBIPA-
IIEHHBIE B PA3HBIX YCIOBHSX, TIIATEILHO PACTHPAIM B CTYIKE C XKHUIAKUM a30TOM, K I10-
JY4€HHOMY TOHKOMY HOPOIIKY J100aBisuiu nu3upyromuii pacteop (50 MM Tris-HCl,
pH 7,5; 25 MM DITA, 1% DS-Na), TuiarensHo pa3MelrBaid U CMECh HHKYOUpoBaJIn
B TeyeHue 30 MUH Mpu KOMHATHOW TemmepaTtype. 3arem k cMmecu gobasisu NaCl
70 KOHIeHTpauuu | M U IenpoTeMHU3UPOBAIN €€ OCTOPOKHBIM BCTPSIXUBAHUEM
co cMmeckio xiopodopM-m3oammioBbiit crimpt (10 : 1, v/v). [Tomydennsie o6pasisr JJTHK
oOpabatbiBasiu puboHykiea3oi A (50 mxr/mi) B Teuenue 20 mun nipu 37 °C u nporteu-
Ha3oii K (10 mkr) B Teuenue 1 wac nmpu 37°. JJHK BHOBB ocaxknanu nobaBieHHEM TPEX
00beMOB 96%-r0 3TaHoNA.

I'opusonTaabHbiii jekTpodopes B araposde. C MoMOIIbIO TOPU30HTAIBHOTO
anekTpodopesa aHanuzupoBanu npenapatsl JJHK. BrinenenHsie u ounileHHbIe Ipena-
parbr JIHK (o 2 mkr) pactBopstu B Tpuc-6oparaom 0ydepe (10 MM, pH 8.0), conmep-
xamieM 10 mm DJITA, 1 noaBepraiy ropu30HTAITEHOMY 3JeKTpodope3y B TeueHue 2 4
B 1,2%-M arapo3HoM reine npu 3ieKTpudeckoil HanpspkeHHocTH 2—3 V/em B 0,09 M
Tris-6opatnom Oydepe, pH 8,3, conepxamiem 0,5 Mxr/min 6pomuctoro stuaus. [locne
anekTpodopesa npoayktel ruaponusa JJHK Buzyanusuposanu B Y D-certe.

Onpenenenue cogepxanus xjopoduiia. HazeMHyro yacTh MIIEHUIBI Pa3HbIX
coproB (0,1 r) m3menbuanu u pactupanu B ¢papdopoBoii yamike, 100aBIsITH HEMHOTO
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KBaplLeBOro YUCTOr0 MecKa I JIydIlero pe3ynprara. B xammuneoOpasHyio maccy
noGasisun anetoH (10 mir), pacTupany Maccy 0 TEMHO-3€JIEHOTO [[BETa U LEHTPH-
¢byrupoBanu B Teuenue 10 mun. CynepHaTaHT OTACISIIN U BBIACPKUBAIA B TCUCHHE
30 MUHYT B TEMHOM MECTE, 3aTE€M OIPEACNIIIN ONTUYECKYIO TUIOTHOCTh PacTBOpPa
Ha cnektpodoromerpe SmartSpecPlus nmpu nByx anmunax BonH 660 aM u 530 HM.
Coneprkanue xJa0pouiia B IUCThSIX PACCUUTHIBAIM IO popMyIIe:

Ca = 12,7 N E660 - 2,69 * E530

Co= 45,8 . E530 - 2,34 . E660’

rae Ca n C6 — conmepxkanue xnopodmmia a u 6, 1 mr/m; Ey,) — onTudeckas mioTHOCTh XJIO-

poduna a mpu mHE BomHBI 660 HM; Egy) — onTHdeckast IoTHOCTS XJIOpoGwiia B, PH JATHHE
BOJHBI 530 HM.

Koaddunuentsr onpenensian u3 kammOpoBoUHbIX KpuBbIX. ConepkaHue XJI0po-
¢usia B mpoueHTax (X) Ha CyXoe WM ChIPO€ BELECTBO BBIYUCIAIOT 110 (hopMyJIe:
Y= P-100 %,
H
rie P — coaepkanue XJopouinia B MOJyYCHHOM 00beMe BBITSXKKH, MT; F — Macca HaBeCKu
(cyxo#t nim CHIpOi), MT.

PE3YJIbTATbl U OBCYXAEHUE

3aconenue, nuaaynupoBanHoe NaCl, BbI3bIBAaeT psll CHEHUPUISCKUX PeaKInuid
Ha TMpopacTarolre ceMeHa. HapyieHus MoryT cka3blBaThCsl B HHTUOMPOBaHUM HalOyxa-
HUs1, HApYIIEHUH HAKJIEBBIBAHUS CEMSH, a TAK)Ke Ha 0ojiee MO3/IHUX ATanax BbI3bIBATH
U3MEHEHHE POCTa MEPBUYHOTO KOPHS, OOKOBBIX KOPHEH, KOJICONTHIIA WK Tolera.
M3BeCTHO, 4TO MaKCHMalbHasl YyBCTBUTEIBLHOCTh COPTOB SIPOBOM MILIEHUIIBI K BO3JEH-
CTBHIO CTPECCOBOTO (haKTOpa MpOSIBIISIETCS HA dTaax MPOPACTAHUS CEMSH U Pa3BUTHS
MPOPOCTKOB (10 7-X CYT.), B AanbHeumeM (Ha 10-e cyT.) pa3nuuust Mexay XJIOPUTHBIM
U CyJb(aTHBIM 3aCOJICHUEM MEHee BBIpaKeHbI [4]. DTo cormacyercsi ¢ HallluMU JaHHBIMU
(He orry0IMKOBAHO), IO ATOM MPUYUHE MBI UCCIIE0BAIIN ILIECTUCYTOUYHBIE IPOPOCTKHU.

HauanpHple cTaguu pa3BuTHs MIICHUIBI: HA craguu HaOyxanus (puc. 1 a—o~0),
HaknéBbIBaHuA (puc.l B) u popmupoBanus npopoctka (puc. 1 r). Ha craguu mpo-
POCTKa pacTeHUsI MOXKHO Pa3JeTHTh (10 OMOMETPHYECKUM MOKa3aTelsiM) Ha 4 TPYIIIBI
(puc. 1 1—3): 1 — copTa ¢ HUHrMOMPOBAHUEM POCTa KOPHS M HE3HAYMTEJIbHBIM CHIDKE-
HHUEM pocTa nobera; 2 — copTa ¢ HHTHOMPOBAaHUEM POCTa MOOeTa U HE3HAYUTEIHHBIM
CHIDKEHHEM POCTa KOpHS; 3 — copTa ¢ HHTHOMpOBaHUEM pocTa Iodera u KOpHs; 4 —
COpTa C HE3HAYUTEJIbHBIM CHIXKEHHEM pocTa 1odera u KOpHs.

Peakiis ka)x10ro copra Ha 3aCOJICHHE UMEET WHIMBUIyaTbHbIE COPTOBBIE 0COOCH-
Hoctu. Ha dororpadum (puc. 2) npuBeneHs! 4 THIA peakIMy, KOTOPbIE IEMOHCTPUPYIOT
MHTUOUPOBAaHUE pOCTa OT/AEIbHBIX BEreTaTHMBHBIX OPTraHOB IIIEHUII U COOTBET-
CTBYIOT MPECTABIEHHON CXeMe: K IEpBOMY THUITYy C MbI OTHEC/IU copTa Arara, Bapsir,
Mockogsckas 39, Opendyprekast 10; OpenOyprekas 21 u OpenOyprekas 233; Ko BTO-
pomy — copta JIuza u Kanau; k 3 — copta Openbyprckas 22 u Yaurenb; K 4— cop-
ta [lapes, XKemuyxuna [ToBomxkss, 3nara, OpenOyprckas 13 u Dcrep.
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Puc. 1. HavanbHble cTagmm passutmg NeHNLb:
cTagus HabyxaHusa (a—6), HaknéebiBaHMs (B) 1 HGOPMMPOBaHUS NPopocTKa (r).
Twnbl CONEYCTONYNMBOCTM NPOPOCTKOB MLUEHULbI (0—3).

Fig. 1. The initial stages of wheat development:

swelling stage (a, b), seed germination (c) and sprout formation (d).
Types of salt tolerance in wheat seedlings (dz).

Puc. 2. Tunbl coONeycTonyMBoCTM NPOPOCTKOB MLIEHULbI (a—T).
Fig. 2. Types of salt tolerance in wheat seedlings.
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DKkcrnepuMeHTHI Ha yamkax [leTpu Mo onpeneneHno BCX0KEeCTH pa3HbIX COPTOB
MIICHULBl B MPUCYTCTBUU COJIM MOKA3aJId, YTO BCXOKECTh y BCEX COPTOB IMIIEHMIIBI
ymensiuaercss Ha 20—40%. boiiee Toro, cKOpocTs BCX0XKeCTH 3aMesiercss Ha 10—
24 yaca. OTHaKO B HEKOTOPBIX CIIy4YasiX CKOPOCTh POCTA MIIEHUIIBI B YCJIOBUSX 3acoJie-
HUS YBEJIMUUBAETCs, KoMreHCHpys BbizBaHHOe NaCl oTcraBanue pocta, 1 COOTBETCT-
BYy€T IMOKa3aTessiM KOHTPOJIBHOTO BapuaHTa. bojee moapobHoe onrcanue xapakTepu-
CTHKH BIIMSHUS COJIA HA POCT U Pa3BUTHE 6-THEBHBIX MPOPOCTKOB MIICHUIIBI PA3HBIX
COPTOB TIpe/ICTaBIeHbl HIKe (Tabm. 1, puc. 3 u 4). B pabote [4] Takke oTMedeH 10700~
HbI1 3 dekt. Kpome Toro, ObU10 yCTaHOBIICHO, YTO 3aCOJICHHE CyOCTpaTa MPUBOIUT
K 3HAUYUTEIbHOMY CHIDKEHHIO BCXOKECTH CEMSIH, IJIMHBI U MAacChl TOOETOB, JTUHBI
¥ Macchl KOpHEeH, momaau JuctheB (Ha 13,8—97,4%).

Tabnmua 1/ Table 1

MopdomeTpuyeckme xapakTepucTukKu CoOpToB nweHuub! npu gectenm NacCl /
Morphometric characteristics of wheat varieties under NaCl treatment

Ne Bug Copt Bapu- | BebicoTa OnuHa Cblpas Cyxas | Copepxa-
aHT nobera, KOpHEeBOW macca, Macca, | Hue cyxoro
MM CUCTEMBI, Mr Mr BELLECTBa,
MM %
1 |MweHwnua | aposas | Arata KOHTp | 109,555 | 98,549 | 191+96 (24+1,3| 12,6x0,5
| |wmarkas conb | 76,6+3,9 | 91,2+46 | 17584 |[24+1,2 | 13,7%+0,6
2 | Triticum Bapsr KOHTP | 121,2+6,1 | 87,4+3,7 | 596+29,5(45+2,1 | 7,6%x0,4
L aestivum conb | 74,7+3,7 | 78,9+4,2 | 345+17,2|51+1,8 | 14,8%+0,7
Host Japbs KOHTPp | 100,2+4,8 | 105,1+4,4|197+10,4 | 21+*1,4 | 10,7*0,6
L conb | 68,2+3,5 | 87,7+4,1 | 137+6,9 | 19+1,3 | 13,9+0,7
4 3nata KoHTp | 108,3+5,4 | 101,2+53|198+11,0|(22+*15| 11,1+£0,5
L conb | 67,6+3,3 [ 80,0x45 | 140x7,2 | 2120 | 150=%1,1
5 Nuaa KOHTP | 91,3+3,9 [111,5+£6,0|225+11,4|25*1,4 | 11,1+£0,7
L conb | 68,3+3,5 |852+4,0(203+10,1|28+1,7| 13,8+0,9
6 OpeHbypr- |koHTp | 121,4£56 | 96,6+4,7 |[393+19,8[46+1,9 | 11,1£0,7
L ckas— 13 |conb | 90,0+5,0 | 71,5+3,6 |354+17,9|39+1,8 | 18,7+1,2
7 OpeHbypr- |koHTp | 91,0+4,3 | 67,4+3,5 |372+18,6 | 44+20 | 150+ 1,1
L ckaa —22 |conb | 83,8+4,2 | 53,3+2,7 |264+13,2|28+1,7| 18,6+0,9
8 OpeHbypr- |koHTp | 125,7+6,3 | 92,9+46 |377+18.6|42+1,9 | 11,1+0,9
L] ckaga — 233 |conb | 81,9+3,9 | 80,0x4,6 |361+17.8|44+2,1| 12,2+0,6
9 Yunteno KOHTP | 107,753 | 77,6 4,0 | 463+225|54+22 | 158+1,0
L conb | 79,0£3,7 | 6764 |420+21,0(45+1,8| 18,8+1,3
10 AcTep KoHTp | 118,2+6,0 | 90,7+4,4 | 182+9,1 | 22+1,1 | 12,1+0,7
L conb | 67,8+3,2 | 70,8+3,1 | 146+8,2 | 23+1,4| 15,8%+0,9
11 o3umas | XemuyxuHa | koHTp | 118,856 | 110,5+54|663+31,5|81+3,8 | 12,2+£0,5
L] Mosomxbs |conb | 70,7+3,6 | 90,6 4,7 | 348+18,1| 81+3,4| 13,3+0,6
12 Kanay KOHTp | 87,1+4,4 | 78,8+3,8 |212+10,6 | 17+0,9| 8,0%x0,4
L conb | 62,7+29 | 628+3,2| 150+8,0 | 17+1,2| 11,3%£0,5
13 MwupoHoB- |koHTp | 85,7+4,3 | 59,0+3,1 | 154+7,7 | 13+0,6 | 8,4+0,5
L ckass — 808 |conb | 64,1+3,2 | 48,5+25| 89+54 | 12+0,8| 13,5%+0,6
14 MockoB- KOHTPp | 102,1+52 | 86,5+4,7 | 279+14,3 | 30+1,8 | 10,8+0,5
ckaga —39 |conb | 69,8+3,1 | 755+3,4 |210+10,4|27+16 | 12,9+0,8
15 | NweHnua | apoas | OpeHbypr- |[koHTp | 117,9+52 | 80,0+4,0 | 560+28,1| 73+3,0 | 15,4+0,8
|| TBepmas ckaa— 10 |conb | 63,3+3,1 | 72,8+3,7 | 267+15,3|40+1,5| 18,0£0,9
16 | Triticum Openbypr- |koHTp | 110,6£5,0 | 92,7+4,5 |407+20,5|39+1,4| 96%0,5
durum ckags—21 |conb | 76,6+3,6 | 80,1+4,2 |301£13,9|39+1,6 | 13,0+0,7
Desf
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Puc. 3. BuomeTpuyeckne aaHHble ovHbl nobera (A) n AnvHbl KOpHS (B) nweHnup.

YepHble cToN6Lbl — KOHTPOsb, cepble cTonbubl — 150 MM NaCl. CopTa nwenuusl: 1 — Arata, 2 — Bapsr, 3 — Japbs,

4 — 3nata, 5 — Jnsa, 6 — OpeHbyprckas 13, 7 — OpeHbyprckas 22, 8 — OpeHbyprekas 233, 9 — Yuutens, 10 — ScTep,

11 — XemuyxuHa MNosomxbs, 12 — Kanay, 13 — MupoHoBsckas 808, 14 — Mockosckas 39, 15 — OpeHbyprckas 10,
16 — OpeHbyprckas 21

Fig. 3. Shoot (A) and root (B) length of wheat.

Black columns — control, gray columns — 150 mM NaCl. Wheat varieties: 1 — Agata, 2 — Varyag, 3 — Dar'ya, 4 — Zlata,
5 — Liza, 6 — Orenburgskaya 13, 7 — Orenburgskaya 22, 8 — Orenburgskaya 233, 9 — Uchitel’, 10 — Ester,
11 — Zhemchuzhina Povolzh'ya, 12 — Kalach, 13 — Mironovskaya 808, 14 — Moskovskaya 39,

15 — Orenburgskaya 10, 16 — Orenburgskaya 21
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Puc. 4. /I3meHeHne cyxoro Becay pasHbix COPTOB MLIEHKLbI NPY 3aCOSIEHNN.
YepHble cTonbLbl — KOHTPOb, cepble cTonoubl — 150 MM NacCl.
Homepa copToB Kak Ha puc. 3.
Fig. 4. Changes in dry weight of different wheat varieties during salinization.

Black columns — control, gray columns — 150 mM NaCl.
Variety numbers are as in Fig. 3.
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OnHUM 13 BUAMMBIX CUMITOMOB BO3JI€HCTBUS 3aCOJICHUS SIBJISICTCS HapylleHHe
pocta npopocTkoB. HecMoTpst Ha pa3HyIO CTENeHb BO3/ICUCTBHS HA PA3IMUHbIE TPOLIECCH
pOCTa, pe3yJIbTaTOM BO BCEX CIIy4yasx Oy/leT B KOHEYHOM CUYETe MHIHOMPOBAHHE POCTa
KOpHA M no0era, 1o cujie MPOsBICHHS ATHX MMOKa3aTeJIe MOXKHO CYIUTh O TOKCHY-
HOCTH COJIH.

JleificTBUE 3acONEHHs Y BCEX M3YUYCHHBIX 00pa3loB BBI3BIBATIO 3HAYUTEILHOE
YMEHBIICHHE POCTAa KaK KOPHEBOH CHUCTEMBI, TaK M HaJ3eMHBIX opraHoB. Kak BuaHO
u3 Tabauiel 1, HanboIbIIeH YCTOMUYMBOCTBIO 110 BBICOTE HAA3E€MHON Macchl 001a1al
copt OpenOyprckas 22, JaHHBIM MMOKa3aTeiab CHU3MWICSA Bcero Ha 7,9% B BapuaHTe
C COJIBIO TI0 CPaBHEHUIO ¢ KOHTpoJieM. [1o nnuHe KOpHEBOM cHCTEMbl HAUMEHBIIHHA
pa3pbIB MEXAy BapuaHTaMu Obl1 y copToB Arata u Bapsar — 7,4% u 10,0% cootBet-
CTBEHHO.

[Tpu paccMOTpeHHH OTAEIBHO MO CYXOMY BECY MPOPOCTOB BCE COPTA IMIICHUIIBI
MOJKHO Pa3/IeJIUTh Ha 3 IPyNIbl — COPTa C BBICOKOI 4yBCTBUTEIBHOCTHIO K HOHAM
HaTpus u xjaopa (Bapsar, Openbyprckas 13), ycroituusbie copta (Arara, XKemuyxuHa
[ToBomxkbst, JInza, MockoBckast 39, OpenoOyprckas 10, OpenOyprckast 233) u copra
C IPOMEKYTOYHBIMH MTapamMeTpaMu uyyBcTBUTeNbHOCTH ([apes, 3nata, Kanaa, Open-
Oyprckas 21, OpenOyprekas 22, Yuurens, Sctep (puc. 4).

Xnopodwun obecrieynBaeT BaKHEHIINE peakuy IpeoOpa3oBaHus dIEKTpoMar-
HUTHOTO W3Ty4eHHus (CBeTa) B CBOOOIHYIO SHEPIHI0 XMMUYECKHX CBSI3€H, BKIIOYAET
HorjolieH’e (POTOHOB CBETO-COOMPAIOIIMMU KOMIUIEKCAaMH (aHTEHHAMU), CBSI3aHHBIMU
c ®C I u OCIIL

W3BecTHO HECKOIBKO (HOPM XITOPOPHILIOB, PA3IUYAOIINXCS 110 XUMHUIECKOMY
CTPOCHHUIO.

CrieKTp MOIVIOMIEHUsI PA3IMYHBIX (POPM XJIOPO(UIUIOB OXBATHIBAET BUJUMYIO,
OJIVDKHIOIO YIIBTPA(HOJIETOBYIO M OJMDKHIOI MH(pPAKpacHyr0 00iacTu criekTpa (y BbIC-
mux pacteHuit ot 350 no 700 HM B U ABIAETCS BaKHEHIIMM KOMIOHEHTOM (OTO-
CHHTETHYECKOTO ammapaTa THIAKOUIHBIX MeMOpaH JHcTheB pacteHuit. Conmep:kanue
XJ0po(pHIIOB 00YCIIOBIEHO T€HETHUECKOW MPUPOJION paCTEeHHs, TOATOMY UX COJeprKa-
HHE B KYJIbTYPE MOKET OBITh UCIIOJI30BAHO B Ka4eCTBE (PU3HOIOT0-OHOXHUMUIECKOTO
mapkepa. CozaeprkaHue XJaopoguiia crieliuUIHoO A7 JIMCTBEB KaKI0ro BUIA U copTa
pacTeHuil U CYIECTBEHHO U3MEHSIETCSl B 3aBUCUMOCTH OT OCBEILICHHSI, MUHEPAJILHOTO
NUTAHWsI, BO3pAcTa JIUCTHEB U IPYTHX yCIOBUH. BpUTO MOKa3aHo Ha oOmMpHOM (pakTHde-
CKOM MaTtepuaje ¢ UCHOJIb30BaHUEM OOJIBIIOTO YNCIIA BUAOB CEIbCKOXO03SHCTBEHHBIX
pacTenwmii (IIIEHUA, POXKb, TYMEHB, IIPOCO, TPEUHXa, TOPoX, KapTodenb u JIp.), 4TO
MHJIEKCHl U (POTOCHHTETUUECKUE TIOTEHIMAIIBI XJIOPOPHILIa TECHO KOPPETUPYIOT ¢ OHo-
JIOTMYECKUMHM ITapaMeTPaMHU U IIOKa3aTeNIsIMU ypokaes [14].

Oco0y10 BaXXHOCTb IIPUOOpETaeT onpesieseHne GOTOCHHTETUYECKUX OTEHIINAIOB
XJIOPO(HUIITIOB M UX CTPYKTYPHI Y PACTEHUH, MOABEPralOIINXCs JEHCTBUIO PA3TUUHBIX
9KCTpEMANIbHBIX (PaKTOPOB. M3BECTHO, UTO 3TH (haKTOPBI BBI3BIBAIOT, C OHOW CTOPOHBHI,
MHTCHCUBHYIO J€rpajialiiio (POTOCHHTETUYECKUX TUTMEHTOB, C IPyTroi, — 3aMeJISIOT
UX CHUHTE3, B Pe3yJIbTaTe Yy TaKUX PACTEHUN MOXKET 3HAYUTEIHbHO MU3MEHUTHCS Kak
coziepKaHue XJI0pO(UILIOB, TaK U €ro CTPYKTYpa (3a CUeT, B IEPBYIO O4epe/ib, JIUCTHEB,
0COOCHHO HIKHUX) [15].
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Jnst onpenienieHus KOHIEHTPAUH XJIOpO(IILIa UCHONB3YIOT XpOMaTorpaduuecKue
u crnektpodoromerpuueckre Metosl. Ilpy npoBeneHnu (GoToMeTprUUecKoro onpesese-
HUSL COJICPKaHUsI XJIOPO(HIUIA B JIUCThSIX PACTEHUI B KAUECTBE CTAHAAPTHOTO PacTBOpa
JUTS TIOCTPOEHHSI KAIMOPOBOYHOTO Tpadrika MPUMEHSIOT pacTBOp xyopodusuia. Beibop
JUITMHBI BOJIHBI, IIPY KOTOPOM MPOBOIUTCS CIEKTPO(HOTOMETPUPOBAHHE, TO3BOJISET
OTJIETILHO ONPEAETUTh COAepPIKaHUe XJIOPOPHIUIOB PA3HOTO THIIA.

JUnst u3BieYeHHs XJI0podrinia U3 JIMCTHEB NMIPUMEHSIOT KaK MOJISPHBIC, TaK U HEIOo-
JSIPHBIE OpraHuYecKue pactBoputenn. Hanbosee yacTo UCMONB3YIOTCS STAHOM U alleTOH
KaK B YHCTOM BHUJIE, TaK U B pacTBOpax, a Tarke 80%-i pacTBop areroHa no Moaudu-
kaiu BepHona u 85%-it pactBop no monudukanuu Pe60enena, Tak kak HeOOJIbIIOE
KOJIMYECTBO BOZBI HEOOXOIMMO JUTS THIPOJIH3a XJIOPOPUILI-OEIKOBOTO KOMILIEKCa, YTO
CHOCOOCTBYET 00JIee MOTHOMY M3BJICUCHHIO XJIOPO(MUILIA TP IKCTPAKITUH.

JUi1st SKcTpecc-aHaIu3a Mbl UCTIOIb30BATIM 3KCTPAKIIMIO YUCTHIM alleTOHOM U CIIEKT-
POGhOTOMETPHUUECKUM METOOM OLIEHKH COJIEp KaHHs XJIOPOQHIa B PA3IMYHBIX COPTaX
MIIEHUIIbI, BEIPAIIEHHBIX B YCIOBUSAX 3aCOJICHHUS.

CorlacHO JaHHBIM TaOJMILIBI 2 U PUCYHKA 5, coneprkanue xiopoduiia Ca CHIbHO
BapbUpPYyeT B 3aBHUCUMOCTH OT COpTa mmieHuIbl. Hanbonbiee conepkaHue XjIopo-
¢unna Ca/mn HabGmonanock B 03uMbix coprax JKemuyxkuna [ToBomkes n Kanau.
Haumensiiee — B copre Muponockast 808, KOTOpasi TakKe SBISIETCS 03UMBIM COPTOM,
a TaKkke B copre sipoBoit mmenuisl Opendyprekas 233. Copeprkanue xiopodumna Ca
B MILICHUIIE, BBIPALICHHON B YCJIOBUSX MOBBIIIEHHOTO 3aCOJIEHUSI, MOXKET KaK yBEIUYH-
BaThCS 110 CPABHEHHUIO C KOHTPOJIEM, TAaK U YMEHBIIATHCS WIIM OCTABAThCS MPAKTUIECKU
0e3 U3MEHEeHMS.
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Puc. 5. Conepxanue xnopodpunna A (Ca/mn akcTpakTa) B nwieHumue (A).
CopepxaHue xnopodunna A (Ca/mr ceipoii macchl nobera nuweHuubl) (B).

YepHble cToNBLUbl — KOHTPOSIb, cepble cTonbubl — 150 MM NaCl. Homepa copToB kak Ha puc. 3.

Fig. 5. Chlorophyll A content (Ca/ml extract) in wheat (A).
Chlorophyll A content (Ca/mg wet weight of wheat shoot) (B).

Black columns — control, gray columns — 150 mM NacCl. Variety numbers are as in Fig. 3.
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Tabnnuya 2 / Table 2

CopepxxaHue xnopodunna Ca n CO6 B pa3HbIX COPTaxX NLUEHULbI,
BbIPaLLEHHbIX B YCJIOBUAX 3acosieHna n 6e3. NMpoueHT oTknoHeHusa coctaenan 4—5% /
Chlorophyll content in different wheat varieties grown
under salinization and without salinization. The percentage of deviation was 4—5%

Copt Ycnosus Ca, Co, Ca/ Ca/ Ca/ C6/ C6/
Bblpawu- | Mr/mn | Mr/mn C6 CYXOM | CbIpOM | CyXOW | Cbipom
BaHN4A BeC BeC BeC BeC
MweHnua | aposas | Arata KOHTP 24,27 2,21 | 10,98 1,04 (0,127 0,092 (0,011
mArkas conb 24,17 1,98 | 12,21 | 1,01 |0,138 |0,082 |0,011
Triticum
aestivum Bapsr KOHTP 17,39 7,53 2,31 0,39 (0,029 0,17 0,012
Host conb 16,98 4,39 | 3,87 | 0,33 |0,049 |0,09 0,012
Napbs KOHTP 21,49 1,88 | 11,43 | 1,02 |0,109 |0,09 |0,009
conb 15,69 1,78 | 8,81 | 0,82 |0,114 |0,09 {0,013
3nata KOHTP 20,17 2,06 9,79 0,92 (0,101 0,09 0,104
conb 26,47 3,19 | 8,3 1,26 |0,189 |0,15 |0,023
Nuza KOHTP 22 2,08 | 10,58 | 0,88 |0,098 |0,08 |0,009
conb 28,53 3,53 | 8,08 | 0,98 |0,14 0,13 0,017
Opebypr- | KOHTP 18,4 14,86 1,24 0,4 0,047 0,323 0,038
ckan 13 [oony 13,95 | 6,9 | 2,02 | 0,357]0,039 |0,176 |0,019
Opebypr | KOHTP 18,6 11,52 | 1,61 | 0,42 |0,05 0,261 |0,031
ckasn22 | oony 192 |116 | 1,65 | 068 [0,072 [0,41 [0,044
Opebypr | KOHTP 12,58 8,26 1,52 | 0,3 0,033 0,2 0,022
ckan 233 ooy 19,46 | 10,73 | 1,81 | 0,32 |0,054 |0,24 |0,03
Yuntenb | KOHTP 25,37 321 | 7,9 0,47 |0,055 [0,059 |0,007
conb 8,11 3,76 | 2,16 | 0,18 |0,019 |0,083 |0,009
OcTep KOHTP 20,11 2,09 9,62 0,91 (0,11 0,095 (0,011
conb 23,72 2,29 (10,36 | 1,03 |0,162 0,1 0,016
o3umas |Xemuy- | KOHTP 30,39 1,24 | 24,51 | 0,375 /0,088 |0,015 {0,003
xuHallo- | oon, 26,16 5,6 4,67 | 0,32 |0,039 |0,069 |0,008
BOJIKbA
Kanau KOHTP 30,72 6,57 4,67 1,8 0,145 0,39 0,031
conb 19,71 6,38 | 3,09 | 1,16 [0,131 |0,375 |0,042
MUPOHOB | KOHTP 13,31 8,05 | 1,65 | 1,02 |0,086 |0,62 |0,052
ckan 808 ooy 14,3 7,47 | 1,91 | 1,91 0,16 [0,62 |0,083
MockoB- | KOHTP 25,4 16,46 1,54 | 0,94 |[0,12 0,61 0,078
ckai39 | conp 186 | 11,52 | 1,61 | 042 |0,05 (0,261 |0,031
MuweHnua | sposas | Opebypr | KOHTP 24,88 2,98 9,35 0,34 (0,044 0,041 0,005
TT';eﬁFZﬁ;ﬂ ckaa 10 ooy 11,22 | 1,98 | 597 | 0,28 |0,042 [0,049 |0,007
durum Opebypr | KOHTP 17,89 | 13,2 1,35 | 0,39 |0,059 |0,287 {0,036
Desf ckaa 21 [oony 18,4 14,86 | 1,24 | 0,4 (0,047 |0,323 |0,038

Ha nam B3rmsin, Hanbosee J0CTOBEPHBIMU TAHHBIMH SIBJISIOTCS OTHOCUTEIIBHOE
cozepkanue xynopodmuia Ca Ha BeC MPOPOCTKOB MIIEHUIBI (puc. 5, Tabm. 2). MbI moa-
raem, uro cojepkanue Ca B 1 Mr chIpoii Maccel HauboJIee TOYHO OTPAKACT XapaKTEePH-
CTHKY COpTa W YCJIOBHS BBIpAIIMBAHUS MIIEHUIBI. B3sThie HAMU IS MCCIIEOBAHUS
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SPOBBIE COPTA IIIEHUIIBI (TBEP/IbIE U MATKHE) OKA3aIUCh YCTOWYMBBIMU K 3aCOJIEHUIO
NPU PACCMOTPEHUH TMapamMeTpa cojaepxanust Ca/Mr CbIpoil Macchl, Kak OAHOTO U3 OHO-
XMUMHUYECKHX IOKa3aTesael copra, T.e. N3MEHEHMs 3TOro IapaMeTpa B SPOBBIX COPTAX
IMIICHUIHI 0KA3aJINCh HE3HAYNTEIbHBIMH, OTKJIIOHEHHS COCTaBIIsUIN OT 5 10 20%. B o1-
JIMYHE OT SIPOBBIX COPTOB MIIEHUIIBI coaepxanre Ca/Mr ChIpoil MacChl CHIIBHO 3aBHCETIO
OT YCJIOBU BBIPAIIMBaHMs, YBEIUYEHUE COJIU B CPEIE COMPOBOKAATOCH 3HAUYMTEIILHBIM
yBenuueHueM xjopodunia Ca. Io Tuny u3mMeHeHus Xa0pousuia BEIPAIIEHHBIX B YCIIO-
BUSIX 3aCOJICHUS 1IeTIeCO00pa3HO pa3feuTh UX HA TP THIA. B mepBoM Ture He MeHs-
€TCsl KOHLEHTpaLusl XJIOPOPIIa HA MAUTUTPAMM ChIPOI MacChl y CIEAYIOIIMX COPTOB:
Arata, Bapsr, [lapss, 3nata, OpenOyprekas 22, OpenoOyprekas 10, OpenOyprekas 21.
YBenuuenne koanyectBa xiopoduia npu aevicteun NaCl Habmomanu y ciaemyronmx
copros: Jluza, XKemuyxxuna [ToBomxkss, Kanau, Muponosckas 808, MockoBckas 39.
YMeHblIeHUE MOKa3aTens otMedainn y coptoB OpenOyprekas 13 u Yuurens. Takas
3aBHUCUMOCTb cojiepkanust Ca B 1 Mr cbIpoil Macchl MOXKET OBITh MCIIOJIb30BAaHA KAaK
MapKkep JUIsl XapaKTepPUCTUKU COPTa MILEHUIIbI U YCIOBUN ee BblpamuBanus. OJIHaKO
xsopouit Ca GicTpo okucisiercss U nepexoaut B popmy C6. CKOPOCTh OKUCIIEHUS
3aBHUCHUT HE TOJIBKO OT COPTa M YCJIOBUH BBIpAILIMBAHUS PACTEHUHN, HO U OT METO/1a €ro
HKCTPAKLUH, TEMIIEPATYPbl, BPEMEHH M METOJIa ornpeeneHus xiaopopmia. [Toaromy
3TOT METOJ HEO0OXOIHMMO pacCMaTPHBATh KaK XapaKTEPHUCTUKY COpPTa M YCIOBHS
BBIPAIIMBAHUS TOJIBKO B KOMIUIEKCE C APYTUMU OMOXMMHUYECKUMU U OHMOMETPUYECKHMHU
METOJIaMHU.

Jlerpananusi HyKJI€HHOBBIX KUCJIOT — COCTaBHOM AJIEMEHT NPOLEcca OTMUPAHUS
pacTeHus Ha 3aBEPILIAIONINX CTAUAX OHTOI€He3a — MMEeT MaCCUPOBAHHBIN XapakTep
U compoBoxaercs paspyuenuem ocHoBHoi Maccsl PHK u IHK [16, 17]. UmenHo
Ha MOJIETIH cTaperomiero aucta [18] Obu1o momyueHo mepBoe J10Ka3aTeNbCTBO CYIIECT-
BOBAHUsI AKTUBHOH MPOrpaMMbl THOEN KJIETOK y pacTeHUH, KOTOPOE COIPOBOXKIAETCS
JeCTPYKLUEH epHOro MaTepuaia KJIeTOK JIMCTAa IPU CTapeHUH.

[IpopocTku 31aK0B OKa3aJIuCh YHUKAIBHON M OY€Hb YAOOHON MOJETbIO Ul U3yde-
nus [IKT y pactennii. Bo-nepBbix, UX pocT U pa3BUTHE MOTYT OBITh JIETKO CHHXPOHU-
3upoBaHbl [19], 4TO HEMAIOBAKHO MPH MCCIIEOBAHUHN TMHAMUKH MHOTUX OMOXHMUYE-
CKHUX IIPOLIECCOB, & BO-BTOPBIX, OTJIEJIbHBIE X OPTaHbl MOJIBEPKEHBI opraHonTosy [20].
Tax, KOJICONITHIIb 371aKOB (DYHKIIMOHUPYET OTHOCUTEIHLHO KOPOTKOE BpeMsi U ObICTPO
norubaet 1mo Mepe GopMHUpPOBaHHS U pocTa npopoctka. Hecmorps Ha To, yro [TKI
JIOBOJIBHO ’KE€CTKO 3alpOrpaMMHMPOBAaH B OHTOI'€HE3€ PACTEHHS, OH MOXKET MHIYLH-
POBATHCS WM MOYJTMPOBATHCS PA3TMYHBIMU (DAKTOPaMH MJIM areHTaMH CPEJIbl, BKIIIO-
qasi pa3IM4yHble HHPEKIMU U CTPECCOBBIE BO3ACUCTBHSI aONOTeHHOM Npupobl (TUIO-
KCHs1, KUCIIOPOAHBIH cTpecc u apyrue) [21].

Koneontumnp 31aKk0B — 3TO NEPBbIA 3apOAbIIIEBbINA (OSCIBETHBIHN, 3€IEHBINA HITH
KpacHOBATBHII) JIUCT 371aKOB, HE MMEIOIIHIA JIMCTOBOM TUIACTUHKU U TPEACTABIISIONINI
co0oi 3aMKHYTYI0 TpyOKy. OH 001aaeT 3alUTHBIME CBOMCTBAMU IS TTOCIIETYIOIINX
mmcteeB. KoneonTb 31akoB ()yHKIMOHUPYET OTHOCUTEIILHO KOPOTKOE BpeMs U OBICTPO
norubaeTt 1mo Mepe GOpMHUPOBAHUS U POCTA POPOCTKA.
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B craperomux KoJeoNTHIISAX MPOPOCTKOB MIIEHUIBI ObUTH 0OHAPYKEHBI HEOObIU-
HbIE CTPYKTYpHI [22].

B Bakyos11X 3TUX KJIETOK ObUIM OOHApy>KeHbl MHOTOYHCIIEHHbIE, PA3IMYHOTO pa3-
Mepa YYacTKH LUTOIUIA3Mbl, OKPYKEHHbIE 3aMKHYTOH MEMOpPaHOW U COIEpKAIIUe OIHY
WM HECKOJIbKO MUTOXOHAPUH, (pparMeHThl MEMOpaH 1IepOX0BaTOro IH0IUIA3MaTHYe-
CKOTO PETUKYJIyMa U MOJMPUOOCOMHBIE KOMILUIEKCHI. DTH CTPYKTYpPHBIE 00pa30BaHHS
NPEJICTABISAIOT cOO0M M30JIMPOBAHHBIE IIUTOIIA3MAaTUYECKHE CTPYKTYPBI, HE CBS3aHHBIE
C OCHOBHOM LuTOmIa3Moi kieTku. OHU CTPYKTYPHO OTJIMYAKOTCS OT BCEX M3BECTHBIX —
LIUTOIUIa3Ma B OOHApPY>KEHHBIX BE3MKYJaX HE UMEET HUKAKUX MIPU3HAKOB JIECTPYKIHH,
B OTJIMYME OT COAEPKMMOI0 OKPY>KaOIEH UX BaKyOJIH.

Jpyrum XapakTepHbIM MapKepoM OTMHpPAIOIIUX
KJICTOK Y >KHBOTHBIX SIBIISIETCS] MEXKHYKIIEOCOMHast (ppar-
MmeHTanus saepHoil JIHK. OgHako B pacTeHUsIX CII0KHO
OOHAPYXHTh YETKYIO KapTUHY (PparMeHTaluH SAepHOI
JIHK wu3-3a HEKOTOpPBIX OCOOEHHOCTEH KIJIETOUHOMN
CTPYKTYPHI U siAepHOTO XpoMatuHa. OOHApYKEHO, YTO
pazpyienne JIHK B koneonTuie nieHU1b Ha 6-i1 IeHb
NPOUCXONUT B BUE HAOOpa OJUTOHYKJICOTHIOB. DTOT
HaboOp 3aBUCUT OT YCTOWYMBOCTH COpPTA MILEHUIIBI
K JICICTBUIO BBICOKOW KOHIIEHTpALMK COJu (puc. 6).
Ha pucynke 4 npezcrapieHsl JaHHbIE eKTpodopesa
B arapo3e 3-x BapuaHToB JIHK u3 pasnsix coptoB
TIIIEHUIIBI U BBIPAIIEHHBIX B PAa3HBIX YCIOBUAX (KOHT-

1 2 3

Puc. 6. Onektpodopes B arapose
obpasuoB AHK, oTnnyaowmecs

Mo CTeneHu JerpagaLmu. poib, coib). KoHTpoIbHBIE 00pas3Ibl BCEX COPTOB IIIIe-
Cnesa — KOHTPOJIb, HMILEBI cozepkaT BeicokoMoekyisipayio JJTHK. K mep-
cnpasa — 150 MM NaCl. I ACp YIApHY A : p
) o BOMY BapuaHTy oTHocsATcs o0pasiel JHK, xoTopas
Fig. 6. Electrophoresis in agarose

of DNA samples, differing HE JIETPaiMpOBaHa B YCIOBUAX 3aCOJIEHUS, 3TO COPTA!
in degradation degree. Arara, Jlapes, 3nara, OpenOyprckas 21, 22 u 233,

On the left — the control, b D M 39uM
on the right — 150 mM NaCl a takke copra JIuza, Ocrep, Mockosckas 39 u Mupo-

HoBckas 808. Jlamee B HEKOTOPBIX COPTaX, TAKMX Kak
VYuurens, Bapsr u Kanau, npoucxoaut unrencusHas aerpagauus JHK. U, nakoner,
B TakuXx copTax, kak JKemuyxuna [ToBomxbst u Opendyprekast 10, Best JIHK xoneontus
TIIICHUIIBI, BBIPAILIEHHON B IPUCYTCTBUH COJIM, IETPAJAUPOBAHA 10 OJMTOHYKJICOTHIOB.
Takum o6pazom, THK komeonTuiist MOXKET CITyKHUTh XOPOIIUM MapKepOM JUIsl XapakTe-
PHUCTHKH 9yBCTBUTEIBHOCTH IMIICHUIIBI K YCIOBHSM 3aCOJICHUS. JTH JaHHBIE KOPPEIH-
PYIOT C MTOJIyYEHHBIMU paHEEe TaHHBIMHU O BBICOKOM UyBCTBUTEIBHOCTU KOJEONTHIIS
K abnoTHYecKuM crpeccam [23].
[epBoii npobnemoii ananmsa [TKI B KJIeTOYHBIX KYIbTYpax SIBISIETCS KOJINYECTBEH-
Hasl OLICHKA >KU3HECTIOCOOHOCTH/THOENHN KIIETOK C TedyeHueM BpemeHu [24]. [ns upeHTH-
(HKaIMK KOIMYECTBA OTMEPIIHNX KJIETOK BO BCEX COPTAX IMIICHHUIIBI TIPOBOMIIN TPHIKH3-
HEHHOE OKpAIlIMBAHNE KOJICONTHIIS TPHUITAHOBBIM CHHUM, TIPOHUKAIOIIUM Yepe3 MeMOpaHy
MEPTBBIX KJIETOK, KaK TECT Ha BBISBICHHE CTEIIEHH MOBPEKICHUS TKaHEH MPH 3acoJie-
Hu (puc. 7).
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Puc. 7. Okpacka TpMnaHoBbIM CUHUM 06Pa3LLI0B MMNOKOTUAS,
OT/INHAIOLLMXCH MO KONYECTBY MOrMOLUNX KNETOK.

CneBa — KOHTPOJb (3, B, ), cnpasa — 150 MM NaCl (6 — 8o 20% normbLumx KneTok,
r — a0 50% normbLumnx kneTok, € — cBbiwe 50% nornéLumnx KneTok).
MacwwtabHbIi 0Tpe30ok 400 MKM

Fig. 7. Trypan blue staining of hypocotyl samples
differing in number of dead cells.

On the left — control (a, b, d), on the right — 150 mM NaCl (b — up to 20% of dead cells,
r — up to 50% of dead cells, e — over 50% of dead cells).
Scale cut — 400 microns

B koHTpoOje BUAMMBIX U3MEHEHUH B KOJICONTHIIE TIOUYTH HE HaOJI0/Aa10Ch, B TO
BpeMs KaK B MPUCYTCTBHE XJIOPUIA HATPHS HAOIIOJaTH, B HEKOTOPBIX CITyYasx, JOCTa-
TOYHO CHUJIbHBIC MMOBPEIKICHUA TKAHU.

CornacHo MoJTlydYeHHBIM JAHHBIM, MO BO3JECHCTBHUIO COJIM HA KOJECONTHIIb COpTa
pa3aciniii Ha Tpy IpyHIibl: a — YCTOﬁqHBBIC, B KOTOPBIX OKpallMBaJIUCh TPUIIAHO-
BBIM CHHUM €IMHHYHBIC IOTHOIINE KIETKH; O — MPOMEKyTOUHBIE, B KOTOPBIX KOJIU-
YECTBO M pacrpeieieHne rTiOHymux KieTok 66u10 oT 20 10 50%, B — 4yBCTBUTEIb-
HbIE COPTA, B KOTOPBIX KOJIMYECTBO MOTHOMINX KJIeTOK Obl10 60siee 50% (puc. 7). Otu
PpE3ybTaThl COIMACYIOTCS C IAHHBIMHU, NIOJyYEHHBIMU NIPY aHAIM3€ MPOLIECCOB Aerpajia-
mn JIHK koneontuns (puc. 6). Takum oo6pazom, NaCl MoxeT BbI3bIBaTh 3aMe/JICHUE
rubenu kietok u aerpagammu JJHK, B To ke BpeMsi y psia cOpToB HaOIIOIaeTCs yCHIIe-
HHE THOEIH KJIETOK KOJCONTHIIS MPH ACUCTBUH COJICH OTHOCHTEIBHO KOHTPOJIS, YTO
CBUJIETEJICTBYET O HAJIMYMHU PA3HBIX MEXaHU3MOB YYBCTBUTEIBHOCTH U YCTOMYMBOCTH
IIKT" y pa3HbIX COPTOB IILIEHUIIBI, KOTOPBIE B HACTOSIILIEE BPEMSI OCTAIOTCS HESCHBIMU.

OpHMM U3 KPUTEPHUEB OLIEHKH OKHUCIUTEIBHOIO CTaTyCa KJIETOK PACTEHUM, SBIIS-
eTcs aerekuus akTuBHBIX popm kucnopoga (APK) ¢ momompto pearenra Carboxy-
H2DFFDA. N3BectHO, uTo ADK BBITIOIHAIOT KaK CUTHAJIbHYIO, TaK U PEryJIITOPHYIO
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(GYHKIMU B KJIETKaX pacTeHHi mpu 3acojeHuu [25]. OHu o0pa3yroTcs B pa3iIMyHbIX
KOMIAPTMEHTAX KJIETKH: B XJIOPOILIACTaX, MHTOXOHJPHSAX, IEPOKCUCOMAX, TIa3MaTH-
YecKoi MeMOpaHe, IIUTO30J1€e, KIETOYHO MeMOpane [26]. OkpamBanue KOJSONTHIISA
TIIIEHHIIBI iryopectieHTHBIM KpacuterneM Ha ADK moka3zaio, uro npu 3aconeanu ADK
JIETEKTUPYETCS B KJIETKAX KOJICONTHIIS (B KOHTPOJIE — €IMHUYHBIC OKPAIIEHHBIE KIIETKN).
ITocne unky6anuu ¢ mapkepom ADK Carboxy-H2DFFDA y KOHTpOJIBHBIX pacTeHUI
TILIEHUIIbI HaOI0IaT HE3HAYUTENbHYIO (PIIyOPECIIEHIIMIO KIETOK KOJIEOnTHIs (puc. 8).
NaCl gacTo cunraercst 4Ype3BbIlUaiiHO TOKCHYHBIM JAEHCTBUEM Ul pacTeHUl. M3mMeHen-
HBII cTaTyc BOJBI, AHcOaTaHC HOHOB M TMIIEPOCMOTHYECKOTO CTPECCA, BEI3BAHHOTO
o6pabotkoii NaCl, BbI3bIBAIOT AaibHENIIee HHITMOUPOBAHUE POCTA H MOJICKYJISIPHOE
MOBPEXKACHNE TIPU 00pa30BaHUU PEaKTHUBHBIX (opM Kuciaopoaa [27—29].

Puc. 8. OkpawmBaHue KoneonTuss rneHnLbl
dnyopecueHTHbIM MapkepoM ADPK Carboxy-H2DFFDA.

CneBa — KOHTPOb (3, B, ), cnpasa — 150 MM NaCl (6 — eauHn4Hoe coaep>kaHme NornbLLINX KNeTok,
r — 00 50% nornbmnx KneTok, e — MakCuMasibHOe Coaep>XXaHne NormbLLIMX KNETOK).
MacLuTtabHblin 0Tpe3ok 400 Mkm

Fig. 8. Staining of wheat coleoptile
with AFC Carboxy-H2DFFDA fluorescent marker.

Left — control (a, b, d), right — 150 mM NaCl (b — single content of dead cells,
d — up to 50% of dead cells, e — maximum content of dead cells).
Scale cut 400 microns

[Ipu BoznelictBun NaCl mapkep ADK Carboxy-H2DFFDA nabmronanu B Koseor-
THJIE TOPa3/10 Yallle [0 CPaBHEHUIO ¢ KOHTPOJIEM, IpHyYeM npeobiasana 0ojee HHTEH-
CHBHasl (pIIyOpEeCLCHIIUs, YTO yKa3bIBAa€T HA MOBBIIIEHUE COJIEPKAHMS B ITUX KIIETKAX
ypoBHS BbIpaOboTKku ADK 1 akTHBAIMIO OKUCIUTEIBHOTO cTpecca. Hakorenue ¢iyo-
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pecuientHoro mapkepa ADK Carboxy-H2DFFDA B kieTkax KOJ€ONTHIIs TPpU ACHCTBUN
a0MOTHYECKHUX CTPECCOBBIX (DAKTOPOB (B JAHHOM CIIy4ae — 3aCOJICHUHU) yKa3bIBaeT
Ha TO, YTO B JaHHBIX KJIeTKaxX Hapymaercs romeoctas ADK, uTo MOXET IpUBECTH
k 3amycky [IKI'. CrnenoBaTensHoO, onpeieneHrne GyHKIMOHATBHOTO COCTOSIHUSL KIETOK
C TIOMOUIBbIO MPMKU3HEHHBIX MapKepOB B JaJbHEHIIEM MOXET ObITh 3P(PEeKTHBHO
HCIIOJIB30BAHO JUISl SKCIPECC-OLIEHKN OKHCIUTEIBHOTO CTaTyca KJIETOK KOJIEONTHIIS
pacTeHui, BhIpAIIMBAEMBbIX MO/ I€HCTBUEM Pa3IMUHbIX CTPECCOBBIX (pakTopoB. TouHOE
(eHOTUIIPOBAHKE SBISETCS KIIFOYOM K NOMCKY U BHEIPEHUIO HOBBIX T€HOB JJIS COJIe-
YCTOWYMBOCTHU B KyJbTypHBIe pactenus [30, 31].

Tabnnuya 3 / Table 3

ConeycToM4YMBOCTb Pa3HbIX COPTOB MLUEHULLbI
no Mmop¢osorM4eckum n GUOXMMNYECKUM nokasartensam /
Salt tolerance of different wheat varieties by morphological and biochemical parameters

Ann- | Anm- | Cy- Ca Ca/ | AHK | A®K | Konu-
Ha Ha Xow Chl- ye-
nobe- | KOpHsA | Bec poit CTBO
ra BEC MepT-
BbIX
Kne-
TOK
1| MweHnuya apoBas | Arata b A A A A A A A
2 | MArkas Bapsr B A B A A B 3 B
—— Triticum
3| aestivum Japbs B [5) A Y A A B B
4 |Host 3nata B B B YB A A B B
5 Nnza B B B ¥YB YB B A A
6 OpeHbypr- B B B Ym Ym b 5 b
ckasi 13
7 OpeHbypr- A B B A A A A A
ckas 22
8 OpeHbypr- B [5) A YB A A A A
ckas 233
9 Yunteno B B A Ym Ym B B B
10 AcTep B B [5) YB A B [5) B
1 o3umas | XKemuyxuHa B B A Ym M:] B B B
MoBonxbs
12 Kanay B B B Ym YB B B B
13 MwupoHoB- B [5) B A ¥YB B B B
ckas 808
14 MockoB- B [5) A Ym ¥YB 5] A A
ckasi 39
15 | NweHnua aposas | OpeHbypr- B A A Ym A B B B
TBEPOAS ckas 10
16 | Triticum durum OpeHbypr- | B B B A A A B B
Desf ckasi 21

B cBoeM uccnenoBaHuu Mbl CTOJIKHYJIUCH € TIPOOJIEMOM, 4TO OJIUH U TOT K€ COPT
IIIEHUIIBI IO OJJHUM ITOKA3aTesIM MOKET ObITh OTHECEH K COJICYCTOMUMBOMY COPTY,
a 0 IPyTUM — KaK K UyBCTBUTEJIbHOMY, K HEyCTOHUMBOMY copTy. st Gosee Harusi -
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HOTO MPEJICTABIICHHS TOJTyUYeHHBIX PE3YJIbTATOB Mbl BCE XapaKTEPUCTUKUA COPTOB IIIIIE-
HUILIBI TPECTaBUIN B Tabmuie 3. B oToli Tabnuile Bce copTa MIISHUIBI Pa3/IeNeHbl Ha
TPH TPYNIIBI 10 U3MEHEHHIO JJTMHBI T0OETra, IJIMHBI KOPHS U CYyXOro Beca MoKaszarenen
B pe3yJIbTaTe BO3/ICHCTBUS XJIOPUCTOTO HATPUS: YCTOWYMBBIC WM MPAKTUYECKU PABHBIC
KOHTpPOJIbHBIM oOpasuam (A), cpenneycroiiuusbie (b) u Heycroituusbie (B). 1o comep-
xauuto xiopopuma a (Ca)/mn skcrpakra 1 Ca/Mr CbIpoil Macchl BCe COPTa MIIEHHUIIBI
TaKXe pa3JeJeHbl Ha TP TPYMIbl: KOHIEHTparus Ca NpakTUIeCKH He U3MEHSAETCS
npu 3aconeHuu (A), yenuuuaercs (YB) u ymenbmaercs (Ym). CoryiacHO JaHHBIM
puc. 4, rae npexacrasieHsl qaHHble dnekTpodopesa JJHK, Bce copTa mmeHuisr 6butu
pazznenensl Ha Tpu rpyrmbl: J{HK npaktudecku He perpaaupyeT mof AedcTBUeM comu (A),
crieyromas rpymmna, B koropoi npoucxoaut aerpagauus JAHK (B), u B Tperseii rpymme
JIHK paspy1ieHa 10 HU3KOMOJIEKYJISIPHBIX OJUTOHYKI€0TUI0B (B).

Hannele 1o ADK B pa3HbIX copTax NIIEHULBI MO JEHCTBUEM COJIU TAKIKE MOXKHO
NPE/ICTAaBUTh B BU/IE TpeX TUIOB: Oe3 u3meneHus (A), cpeanue nokasatenu (b) u Beico-
kue 3HaueHus (B). B mocnenneit rpade Tabnuibl 3 mpeacTaBieHsl TaHHBIC 110 BCEM
copTaM TIIEHHUIIBI, TAKKE Pa3eNICHHbIC HA TPU TPYIIIHI HA YCTOWYUBOCTh KIIETOK KOJIe-
OIITHJIS K AGHCTBHIO CONU: ycToiumBbIe (A), cpenneycroitunsbie (b) u neycroitunssbie (B).

SAKJTIONMEHUE

Ha ocHOBaHMM COBOKYITHOCTH BCEX JJAHHBIX TaOIUIIBI 3 MOXKHO MIEHTU(DUIINPOBATH
coprta Arara u OpeHOyprckas 22 Kak HauMeHee YyBCTBUTENIbHbIE K HEraTUBHOMY JIEHCT-
Buto NaCl u notennuansHo 6osnee ycroiunsble. Hanbosee uyBCTBUTENbHBIE U TIOTEH-
UalbHO MeHee ycroluuBble JKemuysxnuHa [1oBoKbs, YuuTens.

TaxuMm 00pa3oM, HaMH OBLIO MMOKa3aHO, YTO VIS XapaKTEPUCTUKU COJIEYCTONYH-
BOCTH Pa3HBIX T€HOTHIIOB MIIEHHIbI HEOOXOAMMO BCECTOPOHHEE U3Y4YeHHE KaKk MOpQo-
METPUUECKUX, TaK 1 OMOXUMUYECKHX MOKa3aTelel coeycTonunBocTy. B nanbHelinem
MBI [UITAHUPYEM PACIIMPUTh CIIMCOK OMOXMMHMYECKUX MOKA3aTeNIel Ul XapaKTepUCTUKU
COJICYCTOMYMUBOCTH COPTOB IILIEHUILIBL.

Pabora BbInosiHeHa pu prHAHCOBOI moanepxke rpanta PODU 18-016-00150 A.

© H.B. Kononenko, T.A. lusnoBaposa, P.B. Kanasckuii,
C.B. Jlebenes, E.H. bapanosa, JI.. ®exopeena, 2019.
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Abstract. Determining salt tolerance potential in wheat is one of the most important problems in
breeding practice for areas with primary and secondary salinity. Presence of large areas of saline soils
results in inhibition of growth, development and stability in obtaining high yields of agricultural plants.
Therefore, there is a need for a comprehensive studying and improving of diagnostic methods during
early growth stages. Different genotypes of wheat Triticum aestivum Host. andTriticum durum Desf.
were used to identify salt tolerance markers. Both morphometric and some biochemical indicators of
wheat varieties were used as salt tolerance markers. At this stage, it was shown that a comprehensive
description of wheat varieties is needed to assess resistance of wheat varieties to chloride salinity.

Key words: wheat, NaCl, tolerance, roll crop, phenotypic and biochemical markers
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FORMATION OF PLUM SEEDLINGS UNDER DRIP IRRIGATION
IN CENTRAL NON-BLACK SOIL REGION OF RUSSIA
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Abstract. The article presents the results of studying formation of plum seedlings under drip irri-
gation in conditions of the Central Non-Black Soil Region of Russia. Field research was carried out on
the territory of the training and experimental farming, fruit-growing laboratory “Michurinsky Garden”
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy. The factors studied
were soil irrigation regimes (60—80, 70—90, 80—100% of the lowest moisture capacity) and plum varieties
(“Utro” and “Mashenka”). The results of the experiment showed that plum seedlings grown under conditions
of insufficient and uneven moistening were characterized by the lowest biometric indices. The most severe
lack of soil moisture was observed during intensive growth (May — early June). Insufficient and uneven
moistening with intervals of reduced moistening leads to several growth waves in plants. In the seedlings
grown under drip irrigation the second and third waves of growth were not observed. In irrigation variants,
the root system of seedlings was mainly located in the upper arable layer of the soil which was best
supplied with nutrients, had the lowest density and favorable air regime. Location of root system along
the drip line and at the depth of 30 cm facilitated transferring seedlings to nurseries and ensured less damage
to them during transplantation.

Key words: drip irrigation, irrigation regime, seedlings, plum

INTRODUCTION

Despite potential opportunities, gardening in Russia is not able to meet the popula-
tion’s requirements of fruit and berry products within the recommended annual physio-
logical rate of 90—100 kg per person [1—3]. Russia is among the top ten countries
in terms of consumption of fruit and berry products being also one of their major
importers in the world. With the annual consumption of plum being about 180 thousand
tons, the share of imports is 25—35%.

Today, most of the imported fruit adapted to the climatic conditions of Russia, can
be replaced with Russian substitutes. Despite the fact that in recent years much attention
has been paid to horticulture, it is quite difficult for producers to achieve sustainable
indicators in the market and to increase the economic efficiency of production. According
to the Federal State Statistics Service, the area under the perennial plantations of fruit
and berry crops annually declines by 5—10 thousand hectares, which is due to the exter-
mination of extensive gardens made in the XX century and no longer meeting modern
requirements. Gardens of intensive type occupy about 10% of the area [4].
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On August 7, 2014, according to the Decree of the President of the Russian Federa-
tion No. 560 of August 6, 2014, a number of goods were banned from being imported
into Russia from the United States of America, all countries of the European Union,
Canada, Australia and Norway. In 2010—2014, before the ban was imposed, the share
of plum imports from the countries of the European Union was approximately 25%
of the total volume of imported products. No fruit imports create opportunities for
Russian agricultural producers to fill the niche in the market.

At present, the problem of food security is actively discussed by public authorities
of all levels. According to V.A. Dadalko [5], food security should be considered
as an opportunity of the goverment and the ability of the domestic agribusiness to pro-
duce and supply the domestic market and state food reserves with food resources
in the required assortment, sufficient quantities and of proper quality. In accordance with
the federal target programs “Development of agricultural land reclamation in Russia
for 2014—2020” and “Development of horticulture and nurseries in the Russian Federa-
tion for 2012—2014 with the continuation of activities until 2020 areas of horticultural
facilities are to be expanded, which will contribute to solving the problem of the coun-
try’s food security.

One of the ways to intensify agricultural production in horticulture and plant
growing is to increase the efficiency of nature management through resource-saving
technologies [6, 7]. One of such technologies is drip irrigation, which allows improving
quality and yield of farm crops [8—10]. At present, there are no scientific based
resource-saving technologies for growing plum seedlings in nurseries of the Non-Black
Soil Region of Russia. Therefore, the aim of the study was to determine influence
of variations of soil moisture availability on the growth and development of plum seed-
lings and to develop effective regime for nursery moistening in the Non-Black Soil
Region.

MATERIALS AND METHODS

Drip irrigation refers to resource-saving methods of watering farm crops. It is wide-
spread in arid zones but is also relevant in areas with excessive moisture where precipi-
tation is unevenly throughout the year, especially during plant growing season. Drip
irrigation is possibility to irrigate in accordance with biological characteristics of water
consumption in irrigated crops and maintain soil moisture in optimal range.

Field research was carried out on the territory of the training and experimental
the fruit growing laboratory “Michurinsky Garden” of the Russian State Agrarian
University — Moscow Timiryazev Agricultural Academy. Despite the geographical
position, the natural and climatic conditions are close to the average values for the Non-
Black Soil Region. Two-factorial experiment was carried out there in spring 2016
to study the effect of different moistening on formation of two plum seedlings varieties.
The scheme of the experiment (Figure 1) included four variants (factor A) for the regime
of soil moistening:

¢ maintaining humidity 60—80% of the lowest moisture capacity;

¢ maintaining humidity 70—90% of the lowest moisture capacity;

¢ maintaining of humidity 80—100% of the lowest moisture capacity;

¢ control (without irrigation).
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The proposed irrigation regimes, where the soil moisture content is maintained
in a narrow range, allow not only to increase the efficiency of irrigation water use and
to reduce the water consumption, but also maintain a more optimal water and air
regimes. Moreover, the design features of drip irrigation allow to maintaining soil mois-
ture in small ranges through increase in frequency of irrigation with small amounts of
water in accordance with crop biological needs.

The second factor was plum varieties — “Mashenka” and “Utro” (factor B).
Planting of seedlings was carried out according to the scheme of 0.9 X 0.33 m, i.c.
the distance between the rows of one variant was 90 cm, and the distance between
the plants in the row was 33 cm, while the distance between adjacent rows of different
variants was 1 m. This scheme provides planting density of 33.5 thousand plants per ha.

All variants of the experiment had 3-fold replication with a systematic arrangement
of the plots. The plot area was 40 m?, 30 seedlings of each variety were planted in each
replication. The total area of the pilot site was 930 m?*. The total number of plum trees
planted was 1080. For carrying out biometric measurements and phenological observa-
tions, 24 countable plants and 6 protective plants, 1 plant at the beginning and end
of the row, were isolated on each plot.

Productivity assessment of non-fruiting plants was impossible, the main biological
indicators characterizing growth of seedlings (diameter of the stem, height of plants, leaf
area of one seedling) were measured to determine the optimal irrigation regime.

The experimental site is located on sod-podzolic, cultivated, soil-gley, deep-till, medi-
um loamy soil on moraine loam lined at the depth of 150—170 cm by submerged sands.

During the research, there were used data of Mikhelson Meteorological Observatory
of the Russian State Agrarian University — Moscow Timiryazev Agricultural Academy,
which is located in close proximity to the experimental site.
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Fig. 1. The scheme for setting up a two-factor experiment
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For irrigation there was used a perennial drip line, equipped with built-in droppers
with an autocompensation system, i.e., with a change in working pressure due to the sili-
cone membrane, a constant flow rate of 3.8 1/h was maintained. The moisture content
of the soil was monitored with the help of tensiometers calibrated depending on the data
of the thermostatic-weight method.

RESULTS AND DISCUSSION

The choice of irrigation regime (frequency of irrigation, irrigation rate) was aftected
by actual soil moisture depended on climatic parameters such as air temperature and
precipitation. The vegetation season of 2016 was characterized by uneven precipitation:
precipitation deficit of 32.9% of the long-term value was observed in June, excess of
precipitation over the long-term value in August was 94.9%. The summer months of
2016 were 8.3—17.5% warmer than the average values.

Maximum irrigation rates are typical of the most moisturized options, but the irri-
gation rate in 2017 was higher than in 2016. This was due to the climatic features of
the years: the year 2016 turned out to have a more uneven precipitation than 2017.
The analysis of the data (Table 1) reveals that increased soil moisture leads to greater
water consumption, and, consequently, flow of water to maintain such a level of mois-
tening increases. Irrigation rates in such variants increased due to the increase in frequency
of irrigation. Frequent waterings make it possible to avoid dramatic fluctuations in soil
moisture, and plants were not subjected to periodic stresses caused by moisture deficit.
In 2017, irrigation rates were 10—20% lower compared to the previous year.

Table 1
Characteristics of irrigation regimes in 2016—2017
Index Irrigation option, percent of the lowest moisture capacity
60—80% 70—90% 80—100% Control

2016 2017 2016 2017 2016 2017 2016 2017

year year year year year year year year
Irrigation rate, m*/ha 1473 985 1574 890 1397 1242 X X
Average irrigation rate, m*/ha | 47.5 394 46.3 37.5 38.8 44.4 X X
Number of waterings 31 25 34 25 36 29 X X

Biennial seedlings are not fertile, so there is no possibility of assessing their
productivity through the yield indicator. V.I. Maidebur, V.M. Vasyuta, .M. Merezhko,
V.V. Burkovsky [9] point out that it is necessary to select high-quality seedlings with
vigorous growth for planting in a garden, focusing on such parameters as stem diameter,
branching, plant height, annual shoots growth, leaf surface area, quality of the root sys-
tem. Many authors have shown that the diameter of the seedlings is an indicator that
allows the most accurate assessment of the quality of the planting material [1, 10].

According to the results of the experiment, the maximum seedling stem diameter
was obtained in the most moistened variants of the experiment: while maintaining
humidity in the range of 80—100% of the lowest moisture capacity and 70—90%
of the lowest moisture capacity. Both plum varieties “Mashenka” and “Utro” were
responsive to soil moisture increasing, since plum is a moisture-requiring fruit crop.
Comparing with the control variant without irrigation stem diameter in variants with
irrigation was 15—25% larger. Thus, seedlings grown under drip irrigation had the best
quality of planting material.

CROP PRODUCTION 43



Jy6enox HH. u np. Becmnux PY/JH. Cepus: ATPOHOMUA U JKHBOTHOBO/JCTBO. 2019. T. 14. Ne 1. C. 40—48

Two-year-old seddlings of variety “Utro” were 15—20% higher than that of “Ma-
shenka”. One-year-old seedlings were more sensitive to irrigation. Here the differences
with the control variant reached 35%, and in the two-year-old seedlings — 30%. In 2016,
the greatest increase in height had the most moistened variants of the experiment.
In 2017, due to the cold summer, there were no clear differentiation of the annual growth
in height among variants with irrigation. Plants grown under irrigation had increase
in growth of 5—15% more than plants in the control grown without irrigation.

Leaf surface area which determines the photosynthetic potential of plants is
an indicator of quality and productivity of seedlings. The largest leaf surface area is
formed in the most moistened irrigation variants. Leaf surface area of two-year “Utro”
seedlings was larger than in “Mashenka” plants. In the variant with maintenance of soil
moisture at the level of 80—100% of the lowest moisture capacity, the area of the leaf
surface of one “Utro” plant was 635 cm?, and in “Mashenka” plant — 576 cm?.

An important indicator that determines quality of planting material of fruit crops
is its age. Currently, among gardeners there is no single scientifically based opinion
on the recommended age of planting material. Two-year-old seedlings seem to be
preferred [14]. Thus, results of the experiment for the annual and biennial seedlings
have shown than the most optimal conditions were while maintaining the soil moisture
in the range of 80—100% of the lowest moisture capacity.

Table 2
Morphometric indices of plum seedlings depending on the variants and research years

Experi- | Stem diameter, mm Height of plants, cm Annual growth The leaf area
ment of shoots, cm of one seedling, cm’
options
Variety | Vari- | Mean | Variety |Variety| Mean | Variety | Variety | Mean | Variety |Variety | Mean
“Ma- ety |values| “Ma- | “Utro” |values| “Ma- “Utro” |values | “Ma- | “Utro” |values
shenka” | “Utro” shenka” shenka” shenka”
2016 year

Control 8.3 8.7 | 85 26.7 | 28.1 | 27.4 15.6 17.4 | 16.5 135 131 133
60—80%| 9.2 94 | 93 274 | 29.3 [28.35| 17.2 18.3 |17.75| 153 166 |159.5
70—90%| 10.7 11.5 | 11.1 | 33.5 | 34.3 | 33.9 24.3 25.6 [2495| 174 181 [177.5

80— 12.3 12.1 | 12.2| 354 | 36.7 |36.05| 25.8 27.4 | 26.6 188 192 | 190
100%
Average| 10.1 10.4 X 30.8 32.1 X 20.7 22.2 X 162.5 | 167.5 X
LSD,, for private 1.0 3.07 2.2 18.9
differences
LSD_ . (irrigation regime) 0.9 2.8 2.0 16.4
LSD, . (variety) 0.4 1.3 0.8 9.3

2017 year

Control 105 | 11.2 | 109 | 639 | 74.3 | 691 37.2 46.2 | 41.7 356 378 | 367
60—80%| 12.3 | 13.1 [12.7 | 71.4 | 78.1 |74.75| 44.0 48.8 | 46.4 395 452 1423.5
70—90%| 12.8 | 13.4 | 13.1| 753 | 82.1 | 78.7 41.8 47.8 | 44.8 483 534 |508.5

80— 13.0 135 | 13.3| 76.4 85.3 | 80.85| 41.0 48.6 | 44.8 576 635 [605.5
100%

Average | 12.2 12.8 X 71.8 80.0 X 41.0 47.9 X 452.5 |499,8 X
LSD,  for private 1.3 7.8 4.8 51.1
differences

LSD, . (irrigation regime) 1.1 7.2 4.2 46.8

LSD, . (variety) 0.6 3.2 2.3 20.4
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The degree of soil moistening and the distribution of moisture along the profile
had a significant effect on growth rates of seedling root system. The effect of irrigation
regimes on development of root system is shown in Table 3. The largest mean values
of root volume, number of roots and average root length were obtained in the variant
with maintaining soil moisture in the range of 80—100% of the lowest moisture capacity.
In the first year of this variant of experiment, the root volume was 154 ml (285.2% more
than in control), the number of roots —21 (300.0% more than in control) and an average
root length of 24.9 cm (162.7% more than in control). In the second year of experience,
the volume of roots was 354 ml (292.6% more than in control), the number of roots —
47 (247.4% more than control) and the average length of the root — 26.9 cm (146.2%
more than in control).

It is important to note that the root system in the variants of the irrigation experi-
ment was mainly located in the upper arable layer of soil which was best provided with
nutrients, had the lowest density and favorable air regime. In addition, this horizon warms
upquickly, resulting in optimal conditions for the development of seedlings.

Table 3
Basic indicators of root system growth of plum seedlings
Irrigation regime Volume of roots Number of roots Average root length
cm® % to control number % to control cm % to control
2016 year
Control 54 100.0 7 100.0 15.3 100.0
60—80% 104 192.6 12 171.4 17.4 113.7
70—90% 143 264.8 16 228.6 21.8 142.5
80—100% 154 285.2 21 300.0 24.9 162.7
LSD, . 36.5 — 3 — 3.1 —
2017 year
Control 121 100.0 19 100.0 18.4 100.0
60—80% 243 200.8 28 147.4 23.2 126.1
70—90% 295 243.8 36 189.5 22.9 124.5
80—100% 354 292.6 47 247.4 26.9 146.2
LSD, . 95.5 — 7 — 5.3 —

Root system of seedlings formed conical shapein the control variant without irriga-
tion. The major direction of root growth was downward toward the more humid layers,
breaking through the compacted sub-plow horizon. In variants with irrigation, root sys-
tem spread in the upper 30 cm layer and extended along the drop line. This arrangement
facilitatedtransplanting of seedlings to nurseries and led to less damage during trans-
plantation.

CONCLUSIONS

1. The results of the experiment showed that plum seedlings grown under condi-
tions of insufficient and uneven moistening were characterized by the lowest biometric
indices. Biometric indices of plants allowed us to conclude that the most optimal variant
was drip irrigation regime with maintaining soil moisture in the range of 80—100%
of the lowest moisture capacity.
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2. The most severe scarcity of soil moisture wasobserved during the period of
intensive growth (May — early June). Insufficient and uneven moistening with intervals
of reduced moistening caused several growth waves in seedlings grown under drip irri-
gation, the second and third waves of growth were not observed.

3. The most intensive development of the root system of plum seedlings was
in the variant with a constant maintenance of soil moisture in the range of 80—100%
of the lowest moisture capacity. Drip irrigation contributed to the constant provision
of seedlings with sufficient amount of available moisture with dissolved nutrients
in the root zone.

4. In irrigated plants, the root system of seedlings was mainly located in the upper
arable layer of the soil, provided with nutrients, had the lowest density and favorable air
regime. The location of the root system along the drip line and at the depth of 30 cm
facilitatedtransplanting seedlings to nurseries and led to their less damage during trans-
plantation.

©N.N. Dubenok, A.V. Gemonov, A.V. Lebedev, E.V. Glushenkova, 2019.
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DdOPMUPOBAHUE CAXXEHLIEB CJIUBbI
NPU KANEJIbHOM OPOLUEHUA
B YCJIOBUAX LEHTPAJIbHOIO HEHEPHO3EMbS

H.H. /Iyoenok, A.B. I'emonoB, A.B. Jle0enen,
E.B. I'nymenkoBa

Poccuiickuii rocy1apcTBEHHbIN arpapHblii yHUBEPCUTET —
MockoBckas cenbckoxo3siicTBeHHas1 akagemus umenu K.A. Tumupsizesa
Mockea, Poccutickas @edepayus, 127550

AHHOTanud. B craree npeacraBieHsl pe3ysbTaThl H3yU4eHHs! (POPMUPOBAHMS CAXKEHIICB CIIUBBI IPU
KaneJabHOM OpolleHnH B ycinoBusax LlenrpansHoro HeuepHosembs. [loneBble uccinenoBanust poBOAMINCH
HA TEPPUTOPUH yUIEOHO-OIBITHOTO XO3SMCTBA, JIAOOpaTOpHH ILIOJOBO/ICTBA «MUUypHHCKHI camy Poccuii-
CKOro rocyaapcTBeHHoro arpapHoro yausepcurera — MCXA umenu K.A. TumupsizeBa. B kauectse
H3y4aeMBbIX (P)aKTOPOB BBICTYIAIH PEKUMBI opoureHus TouBbl (60—80, 70—90, 80—100% HanmeHbIIeH
BIIArOEMKOCTH) U copTa («YTpo» u «MarieHbkay). Pe3ynbraTel onpiTa MOKa3bIBAIOT, YTO CAXKEHIIBI CITUBBIL,
BBIPAIIUBAEMBIC B YCIIOBHSX HEJOCTATOUHOTO M HEPABHOMEPHOT'O YBIIKHEHHS, XapaKTEePU3YIOTCsl HAUMEHb-
IIMMH OMOMETPUYECKIMH ToKa3aresiMu. Hanbonee critbHO JeUIUT TTOYBEHHOH BJIark MpOSIBISETCS
B IIEPHOJ] HHTEHCHBHOTO pocTa (Maif — Havaio uioHs). HemocraTouHoe 1 HepaBHOMEPHOE YBIKHEHNE
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C IPOMEXYTKaMHU MOHI)KEHHOTO YBJIAXKHEHUS IIPUBOJUT K MOSBJICHHUIO Y PACTEHUI HECKOIBKUX BOJIH
pocra. Y caKeHIIEeB, KOTOPbIE BHIPAIIMBAIOTCS IIPH KallelIbHOM OPOLLIEHHHU, BTOPOH U TpeThel BOJIH pocTa
He Habmopaercs. B BapnaHTax ¢ oponieHHeM KOpHEBasi CHCTEMa Ca)KEHIIEB IPEHMMYIIIECTBEHHO pacIoio-
JKEHa B BEPXHEM I1aXOTHOM CJIO€ I0YBBI, KOTOPBII1 JIydIlle Bcero 00ecreueH MUTaTeIbHBIMU 3JIEMEHTaMU,
UMEeT HaUMEHBIIYIO INIOTHOCTh U OJaronpusATHBINA BO3IYIIHBII peskxuM. PacnonosxeHue KopHEBOH
CHCTEMBI BIOJIb KaleIbHOH JIMHUU U Ha TyOuHe 10 30 cM o0erdyaeT BBIKONKY CaKEHIIEB B IIMTOMHHKAX
Y TIPUBOJIHT K HX MEHBILEMY MOBPEXICHHUIO IIPHU MepecaKe.

KuroueBble ci10Ba: KareibHOE OpOIICHHUE, PEXKUM OPOLICHUA, CaXXCHIBI, CJIMBa
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Annorauus. Ha ocrose 6a3bl qanHbix [ IC nporpammbr APM Jlecdonn nmpousBeieH aHanu3 Jec-
HBIX TUIOIa e neconapkos T. ExatepunOypr. CocTraBineHa 6a3a JaHHBIX paclpeieneHus IOAIeCOTHBIX
BUJIOB Ha TEPPUTOPUH JeCONapKoB. IIponsBeeH aHaIu3 I0Iy4eHHOH 0a3bl JaHHBIX C UCIOIb30BaHHEM
tabnuyHoro pegakropa Microsoft Excel. Onpezenensl 3akOHOMEPHOCTH PacIIpOCTPAHEHUS MOTIECOUHBIX
BHUJIOB MECTHOTO M MHTPOIYKIHOHHOTO TPOUCXOKAEHHS B COCHOBBIX HACKIECHHSX JIECONAPKOBOW 30HEI
r. ExarepunOypra. YcraHoB/IeHa IUIOMIAAb COCHOBBIX HACAXJIEHHUH ¢ IOJIECKOM U3 JBEHaaLaTu abopu-
T'eHHBIX, JIBYX WHBA3HOHHBIX BHJOB ¥ JICCATH BUJIOB B MCKYCCTBEHHBIX IIOCAIKaX B IIECTH JECOMapKax
r. EkarepunOypra — Kasmnockom, Mockosckom, FOxxaomM, Hinkraerncerckom, IlyBakwuriickom u um. Jleco-
BOz10B Poccuu. AHanu3 MaTepuanoB IOKa3al, YTO IUIONA]b HACAXAEHUH ¢ yuyacTUeM pO3bl UTTIUCTON
B cocTaBe nojuiecka cocrapiser 811,4 ra uz 9848,45 ra, onHako pacnpocTpaHeHUE €€ 10 JIECONapKOBO
TepPUTOPUH KpaitHe HeoqHOpoaAHO. Po3a urimcras Bcrpedaercs: B HIDKHEHCETCKOM JieconapKe Jalie, 4eM
B IpyTrux Jieconapkax (273,1 ra). JlaHHblil BUJ IpoU3pacTaeT B JEBATH THIAX JIECA, €T0 SKOJIOIMYECKUM
7 (PUTOLIEHOTUYECKUM ONITHMYMOM PACIIPOCTPAHEHUS SBISIETCS THII JIeCa COCHSK SITOAHUKOBBIN C ITOJTHO-
toit npeBoctos 0,6—0,9. Hanmune B monnecke JaHHOTO BUAA M COCTOSIHHE €r0 HEHOMOMYIISIIUN CBUIC-
TEJILCTBYIOT O TUIIMYHOM COCTaBE PacTCHUH JieconapkoBoi 30HbI I. ExaTepunOypra. B uccnenyembix
JIecomnapkax po3a MIJIHCTast SIBJISETCSl OMHUM U3 COXIN(PHUKATOPOB KOPEHHBIX THIIOB Jieca HapsIy ¢ psaou-
HOW OOBIKHOBCHHOM, MAJIMHOW OOBIKHOBCHHOM, YepeMyX0il OOBIKHOBEHHOM, HBOH KO3bCH, PAKUTHUKOM
pycckuMm. IIpuBeneHHbIE JaHHBIE IO YUETY JIECHBIX IUIOLIAJeH ¢ PO30i UTIIUCTOM SIBISIIOTCS 0a30i It
VMHBEHTAPH3aIH{ [IEHHOTO JISKAPCTBEHHOTO CHIPDS.

KaroueBble clioBa: po3a urikcras, Rosa acicularis L., nteconapk, moIiecok

BBEAOEHME

Cpenu moJIecOYHbIX JAPEBECHBIX BUOB CBEPIOBCKON 00JIACTH po3a UIIIHCTas
3aHUMaeT 0co00e MECTO, TaK KaK BH/I SBJISIETCS IICHHBIM JICKAPCTBEHHBIM PACTCHHEM.
Kpowme Toro, po3a sBiisieTcsi IEHHBIM JIECOMEIMOPATUBHBIM U JICKOPATUBHBIM KyCTap-
koM [1—3]. B CepanioBckoit obnactu npouspactatot 2 Buaa — Po3a urmmcras —
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R. acicularis Lindl u Po3a maiickas — R. Majalis Herrm (R. cinnamomea auht., non
Lindl), koTopble, HECMOTpsl Ha IKUPOKUI apeall, U3y4eHbl BCE elle HEe0CTaTouHO [4].
BeisiBnieHHE 5K0I0r0-(DUTOLIEHOTHYECKOH PUYPOUEHHOCTH JAHHOTO BU/IA U YYET MECTO-
00UTaHHUI1 €ro Kak JISKapCTBEHHOI'O BUJIA CIIY’aT OCHOBOM PallMOHAIBHOTO MCIOJIb30Ba-
HUsI PACTUTEIIBHBIX pecypcoB [S]. Kpome Toro, po3a urnucrast MMEET MHOTOUHCIICHHBIE
casioBble (OPMBI, KOTOPBIE HITUPOKO MCIOJIB3YIOTCS ISl CENIEKIIMU MOPO30CTOMKUX
U TCHEBBIHOCIUBBIX CaJOBBIX PO3. boisiee TOro, 3T0 pacTeHHUE XOPOLIO MEPEHOCHUT
CTPHXKKY, YTO J]A€T €M JIOMOIHUTENIbHOE MPEHMYIIIECTBO IS IIMPOKOTO UCIOJIB30BAHHS,
pa3BelieHus B Callax M MapKax, I CO3/1aHUs JKUBBIX MU3TOPOACH, IPyII U OIyIIEK,
CO3/1aHHUs MOJAJIECKA B JIECONAPKE, a TAKKE MHOTIA C LIEIbI0 NOABOA JUISl KYJIbTYPHBIX
po3 u T.1. [6].

LLEJSIb U METOAUKA UCCNEQOBAHUN

Ienpro ucciaenoBaHus SBJISETCS YCTAHOBJIEHHE IUIOIIA/M, 3aHATON IIEHOMOIYJIs-
IMSIMH TI0]VIECOYHBIX BHJIOB, BBISBJICHHE KOJIOTO-(DUTOLEHOTHUECKON MPUYPOUYCHHOCTH
O3Bl UITIMCTOWB IIECTH Jiecomapkax I. EkarepunOypra.

HccnenoBanys poBeieHs! B 1IECTH Jieconapkax I. EkarepunOypra: IllyBakumickom,
um. JlecoBonoB Poccun, Hmxuencerckom, FOxuom, KannnoBckom 1 MockoBckoM
Ha Tutonianu 9848,45 ra Ha ocHOBe 0asbl AJaHHBIX mporpammbl APM Jlechonn. Hamu
ONpe/eIeHbl 3aKOHOMEPHOCTH PACIPOCTPAaHEHUs IOJIJIECOYHBIX BHUJOB MECTHOI'O
Y HHTPOAYKIIMOHHOTO MPOUCXOKAECHHSI B COCHOBBIX HACAXK/CHUSX JIECOIIAPKOBOM 30HBI
r. ExarepunOypra. [1pu ananuse 6a3bl JaHHBIX ObUIM YCTAHOBIICHBI IO COCHOBBIX
HACaXJIEHUH C MOJIECKOM U3 aOOPUTeHHBIX, MHBA3UOHHBIX BUJIOB U MUCKYCCTBEHHBIX
I0Ca/I0K.

baza nanneix nmporpammsl APM Jlechona cocTouT n3 0ObeIMHEHHBIX KapTorpa-
¢ryeckux MaTepruasoB ¥ TAaKCAIIMOHHBIX OMUCAHUI MOCIEHETO aKTYalIbHOTO Typa
JIECOYCTPOMCTBA 10 TEPPUTOPUU UCCienoBaHus. B mporecce anannsa 0a3bl TaHHBIX
APM JlecoHn HACTpaHBaIUCh TEMAaTUYECKHE KapThl MPOCTPAHCTBEHHOTO PACIIONIOKE-
HUSI U3y4aeMbIX BUJIOB TTOJUIECKA B HACAKJICHUSAX JIECOTIAPKOBOM 30HBI. [Ipon3Boamiach
KOHBEpTAIMsl TAKCALIMOHHOTO ONMCAHUA U3 TaHHBIX MPOTrPaMMbl B TaOJIMYHBIN pelak-
top Microsoft Office Excel. [Tocne Bu3yanbHOM WaeHTH(PHUKAIINN TAaHHBIX B TIPOTPaMMe
APM Jlecona mpousBOAMIICS aHAINW3 TAKCAIIMOHHOTO OMHUCAHUS B TAOJIMYHOM
peaKTope MmocpeICTBOM (pOpMHUPOBaHUS CBOJHBIX TAOJIUI] M UCIIOJIL30BAHUS (PYHKIIUU
«ABTOQUIBTP.

CrpykTypa Tabmuip! 6a3bl JaHHBIX HA OCHOBE TAKCAI[HIOHHOTO OIMCAHMUS MTO3BO-
JJIa TIOJIYYUTh UCUEPTBIBAOIIYI0 HH(OPMALUIO O TAKCAIMOHHON XapaKTEPUCTHKE
npouspacraromiero apesoctos. CornacHo aeicTBylolei JlecoycTpouTensHON HHCTPYK-
LMY, YTBEPKACHHOM npuka3zoM Munnpupoast Poccun ot 29.03.2018 r. Ne 122, npu
TaKcalUK JIeCHOro (oHAa onpeensercss HHGopMaLus M0 KaKIOMY BbIJIEIy O KOJIUYe-
CTBE I10JyIECKa B ThICSUaX LITYK Ha TeKTap, TpH HauboJjiee BCTPEUAIOIMUXCsS M10/1eCoY-
HBIX NIOPOJBI, IUIOIIAAb 3aHATasl JaHHBIM BbIIeIOM. Vcnonbs3oBanue Takcanuu 2016—
2017 roaa mo3BONMIIO TOIYYUTh JOCTOBEPHBIE JAHHBIE O 3aBUCHMOCTH PaclpoCTpaHe-
HHS PO3BI OT TAKCAIIMOHHOTO OMHCAHUS MPeo0I1aaroliero ApeBOCTos Ha TEPPUTOPHH
JIECOTIaPKOBOM 30HBI.
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JlanHoe uccienoBaHue MPOBOAMIOCH Ha ocHOBe mporpammbl APM Jlecdhonn,
HO paHee MbI POBOJIMIIM MOAOOHBIN aHaIHU3 ¢ MOMOIIBI0 SQL-3ampocoB B mporpamMme
I'"C Maplnfo [7, 8]. Meroauka ananuza B [IC MaplInfo ananornuna onucanHow,
3a UCKJIFOYEHUEM 3aMEHBI 3arpocoB B TabimaHOM penakrope Ha SQL-3ampocst B THC.
Hcnonws3zoBanue nporpammel APM Jlecdona coBMeCTHO ¢ TaOINYHBIM PEIaKTOPOM
Microsoft Office Excel mo3Bonmiio yBemMuuTh CKOPOCTH 00PaOOTKH 0a3bl TaHHBIX.

PE3YJIbTATbl UCCJIEQOBAHUM

B KanuHoBckOM Jnecomapke IIoniaab, 3aHMMaeMasi MOAJIECKOM, COCTaBIISET
1092,7 ra (69,7%), MockoBckom — 713 ra (50,1%), LlllyBakumickom — 1007 ra (48%),
uM. JlecoBonoB Poccum — 811,5 ra (88,8%), Hmwxaencerckom — 1251,1 ra (74,9%)
u IOxHOM — 1922,2 1a (88,3%). KonnuecTBO MOJIECOUHBIX BHIOB B JIECOMapKax
npencrasiieHo: MockoBckom — 10 Buzpos, UlyBakumickom — 15, um. JlecoBonoB
Poccun — 17, Kanuaockom — 15, FOxuoMm — 16 n Hmkaencerckom — 20. ITo BHI0-
BOMY cocTaBy Hanbosee 6e1eH MOCKOBCKUI J1econapk.

CosaudukaropamMu KOPEHHBIX THITOB JIeca B ILIECTH JIECOMAapKax SBJISIOTCS PsIOMHA
OOBIKHOBEHHAs1, MaJIMHA OOBIKHOBEHHAsI, YepeMyXa OObIKHOBEHHAsI, UBa KO3bsl, PAKUT-
HHUK PyCCKHM, po3a UriaucTas. Bee BUABI BCTpedaroTCs B II0OOM paccMaTpHBaeMOM
necomapke. [IpeobnagaloT HEHONOMYNISIUN pAOUHBI 0OBIKHOBEHHOU (0T 32,57%
10 45,16% neconoKpeITOi TUIOIMAIN), UCKITIOYeHHEM siBisieTcs: FOKHBIM neconapk, rae
nosneBoe yyactue psounsl coctaniser 18,78%. CuibHOE BappHUpOBaHUE MO TUIOLIAIN
YCTaHOBJIEHO Y pakuTHHKA pycckoro oT 0,22% 1o 50,54% B 3aBUCHMOCTH OT JIECOMApPKA.
MuHUMabHYIO IUIO0IA/Ib 3aHUMaeT Yyepemyxa oobikHoBeHHast (0,5—8%). U3 uckycct-
BEHHBIX I10CAJIOK KUMOJIOCTh TaTapcKasi IPUCYTCTBYET BO BCeX Jiecomnapkax. bospaiii-
HUK KPOBaBO-KPaCHBIH, CIUpest CpeHss, KaparaHa APEeBOBUAHAS, KU3UJIBHUK YEPHO-
IUIO/IHBIA NPOM3PACTAIOT B IISATH JIeconapkax, Kpome MOCKOBCKOro.

Jleconapk KaimHOBCKHIA PaclonoKeH B CEBEPO-BOCTOYHOM YacTH ropoja. Penbed
HEOJTHOPOJICH: B CEBEPHOM YaCTH YepeytoTcs 3a00JI0UCHHBIC TOHIKEHUS 1 HEOOIIbIIINe
BO3BBILLIEHHOCTH, B F0’KHOW HaOMIIOAeTCsl CUIbHAs PacuIEHEHHOCTh pelibe(pa — BO3BbI-
LIEHUs B BUJIE XOJIMOB M IPUB CMEHAIOTCS HEKOTOPBIMH MOHMKeHUsIMU. [1o Teppuroprn
Jeconapka nporekaer Hebombmas peuka KannHoBka, npaBblif puTok p. [IbImMBIL.
3nech ke HaXOAATCS HeOOJbIINE YKUBOIICHBIE MPYANKH, BO3HUKIIINE Ha MECTax 3aToll-
JIEHHBIX 1IAXT, rae crapareny B XIX B. 100bIBamy 30710T0. J[peBOCTOI COCTOUT U3 COCHBI
OOBIKHOBEHHOM U Oepe3bl MOBHUCIIOH, peke — JIMCTBEHHHIIBI CHOMPCKOMN, OCHHBI, OJIbXHU
cepoit [9]. Hacaxxnenust KannHoBCKOro jgecomnapka npeCTaBICHbI CIIEIbIMHA BBICOKO-
noHOTHEIMU cocHsikaMu [I—III knaccoB 6onuTera. Hamu yctaHoBjIeH cocTaB moji-
JIECKa JTaHHOTO JIECOTIapKa, COCTOSIIUMI U3 15 BUIOB, B TOM YHCIIE 8 MOAJIECOUHBIX —
psibuHa 0OBIKHOBEHHAsI, MaJIMHA OOBIKHOBEHHAsI, UBA KO3bsl, pO3a UTJIHCTas, PAKUTHUK
PYCCKHUI, MOMOKEBEIBHUK OOBIKHOBEHHBIH, uepeMyxa OOBIKHOBEHHAS M JIMIIA MEJIKO-
TuCTHAsI, | MTHBa3MOHHBIN BUI (KJIEH SICEHETMCTHBIN) M 6 BUIOB, BOSHUKIINX B PE3YJIb-
TaTe MocafoK (KM3WIHHUK YEPHOIUIOAHBIHN, OapOapuc OOBIKHOBEHHBIN, KaparaHa Jpe-
BOBU/IHAsS, )KUMOJIOCTh TaTapcKasi, OOSIPHIIIHUK KPOBaBO-KPACHBINA U CITUPES CPEIHSA)
(puc. 1). B monnecke HanboJiee pacmpocTpaHeHbI: psiOnHA 0OBIKHOBEeHHAS 376,6 Ta
(34,5%), manuna obbikHoBeHHas 211,7 ra (19,4%), uBa ko3bst 156,7 ra (14,3%), po3a
urmuctas 124,1 ra (11,4%) u pakutHuk pycckuii 103,3 ra (9,5%). Bee ocranbHbie BUIbI
3aHUMAIOT MeHbIIE 3% JIECOMOKPBITOM MIIOMIAAH.
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Puc. 1. CocTaB noaneco4Hbix BUAoB B KanMHOBCKOM fieconapke

Jlecomapk MOCKOBCKUH, BBITSHYJICS y3KOM nojocoil ¢ Bocroka Ha 3anaa Booiab

MockoBckoro Tpakrta. Penbed cierka BOJTHHCTBIN, B 3aNaJIHON 9acTH — BOJIHUCTO-
OyrpucTblif. JKHBOIMMCHBIX YYaCTKOB MAJIO, PACTUTEIBHOCTH MPECTaBIEHa B OCHOBHOM
YHUCTHIMHM COCHOBBIMU JiecaMu. MecTaMu (0COOEHHO B 3alafHOI 4acTH) ¢ COCHON OOBIK-
HOBEHHOH BcTpeyaeTcs: Oepes3a MoBHCas U IUCTBEHHHIIA CHOMPCKas.

B neconapke B criesioMm u cpeHeBo3pacTHOM JpeBocToe [—II kimacca 6oHuTeTa

BUIOBOM cocTaB mpenacTasieH 10 BUugamMu, B TOM 4ucie 9 — MOAJIECOYHBIX — psiOUHA
OOBIKHOBCHHAsI, MBa KO3bsl, YepeMyXa OOBIKHOBECHHAs, PAKUTHUK PYCCKHI, p0o3a HIJIU-
CTas, MajuHa OOBIKHOBEHHAs, MOXOKEBEITbHUK OOBIKHOBEHHBIN, OJIbXa cepasi U OJIbXa
YepHasi ¥ U3 UCKYCCTBEHHBIX IMOCATI0K — KUMOJIOCTh TaTapckas (puc. 2).
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Puc. 2. [JpeBecHble Buasl B MOCKOBCKOM fieconapke
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Kak u B KayimHOBCKOM, B TaHHOM Jiecomnapke npeodiaaaeT psOMHa 0OBIKHOBEH-
Hast — 186,3 ra (26,1%), 3aTem crnenytot uBa ko3bst — 169,9 ra (23,8%), uepemyxa
obwikHOBeHHas: — 109,4 ra (15,3%), pakutHuk pycckuii — 73 ra (10,2%), po3a uriu-
crags — 70,4 ra (9,9%), nanee pacronararoTcsi BUibl, KOTOpbIe MeHbIIe 7%.

Po3za urnucras mpouspacraet BO BCeX M3y4aeMbIX Jiecomapkax. MUHUMAIbHYIO
IJIOIIaIb 3aHUMAET JaHHbIN BUJ B Jieconapke uM. JlecoBogos Poccuu (3,67%), a mak-
cumanbHyo — B Huxnaeucerckom (21,83%). OHa BcTpeyaeTcsl HCKIIIOUUTEIBHO KaK
MOJIJIECOYHBIN BHJI B COCTaBE OMPEEIIEHHOTO THIIA Jieca B Ka4eCTBE JIECCHOTO MUKPO-
nanamadTa, HO Yalie BCero po3a UIITMCTasl BCTPEUAETCsl B COCHIKAX STOJHUKOBBIX
U pa3HOTpaBHbIX (Tabm. 1).

Tabnmua 1
Mnowapab, 3aHnMMaemas po3omn UranucTom
B pa3JIM4YHbIX TUMNAX Jieca B JiIeCONapKkoBoii 3oHe r. EkatepuHGypra
N<_>| Twvnbl neca JNeconapkn
KannHosckui Lysa- MockoBsckui | 1m. Jlecoso- HO>HbIi HwuxHe-
KULLCKNIA nos Poccun NCeTCKni
nno- % nno- % nno- % nno- % nno- % nno- %
wanp, ra waap, ra wanp, raj waap, ra wanp, ra waap, ral
1 | CocHsik 99,2 79,9 72,2 (91,4 56,5 |80,3 1,7 5,7\ 106 4511 171 62,6
ArooHNKOBbIN
2 | CocHsK nun- 3,6 2,9 — — — — — — 3,6 1,5 — —
HSIKOBO-OpYyC-
HUYHbIA
3 | CocHsik 4.1 3,3 — — — — — — 1,4 0,7 5,3 1,9

OpPYCHWYHbIV
4 | CocHsik pas-| 7,9 6,4 6,6 8,3 13,3 18,9 12,9 (43,3| 68,4 | 29,1 81,8 | 30
HOTPaBHbIN
5 | CocHsk 9,3 7,5 0,2 0,3 0,1 0,1 — — 55,5 | 23,6 7,1 2,6
OpPNSKOBbI
6 | EnbHUK — — — — — 0,5 0,7 — — — — 1 0,7
COCHSIK Tpa-
BAHOMN

7 | CocHsik Tpa- — — — — — — 0,8 2,7 — — — —
BSAHO-NINMHSA-
KOBbIN

8 | EnbHuK-coc- — — — — — — 14,4 | 48,3 — — 3,4 1,2
HSIK 3€1eHO-
MOLLHO-SIrOA-
HUKOBbI

9 | CocHsik — — — — — — | = — — — 3,6 1,3
AroAHMKOBO-
JINNHAKOBbLIN

Bonblias npuypouyeHHOCTh [IEHOMOMYJISILIMKA PO3bl UTJIMCTONW K COCHSIKAM SITO/IHU-
KoBbIM cBbIIIe 45,1 10 91,4% (3a uckirouenuem neconapka um. Jlecoogos Poccun —
5,7%) JIECONOKPBITOH IIOMIAN MTO3BOJIICT CYMTATh €€ IKOJIOTUUSCKHM ONITUMYMOM JIJIst
cymiecTBOBaHM. JIaHHBIN THII Jieca SBISCTCS ero (PUTONCHOTUYSCKOM 3aIUTON —
PETYJIATOPOM CBETOBOTO, BOHOTO PEKMMOB M TIOYBEHHOTO nutaHus. Kpome Toro, naH-
HBII BUJI pacIpOCTPaHEH U B APYTUX THUIIAX JIEca: COCHSKE pa3HOTpaBHOM (6,4—43,3%),
COCHSIKE JIMMTHIKOBO-OpycHruHOM (1,5—2,9%), cocusike 6pycauunom (0,7—3,3%),
cocusike opisikoBoMm (0,1—23,6%), enpHuKEe — cocHsike TpaBsHOM (0,7%), COCHAKE
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TPaBSHO-JIUITHAKOBOM (2,7%), €IbHUKE — COCHSIKE 3€JIeHOMOILIHO-SITOHUKOBOM (1,2—
48,3%) u cocHsike SroJHUKOBO-TUIMHAKOBOM (1,3%). MecTooOuTanusi po3bl UIIIMCTON
B COCHSIKaXx sITOJTHUKOBOM M pa3HOTPABHOM OTMEUAIOTCS BO BCeX Jieconapkax r. Exare-
punHOypra. OHa peIKo BCTpEeYaeTcsi B COCHSKE JIMITHIKOBO-OPYCHUYHOM, COCHSKE Opyc-
HUYHOM, €JIbHUKE-COCHSIKE TPaBsIHOM, COCHSIKE TPaBSIHO-TUITHIKOBOM M COCHSIKE SITOJI-
HHUKOBO-JIUITHSIKOBOM.

OnHOM 13 GMO3KOTIOTMUECKUX 0OCOOEHHOCTEH PO3bI UIIIMCTOM SIBIISIETCS €€ BBICOKAs
TEHEBBIHOCIUBOCTD. [IpeArnodTuTeIbHO OHA BCTPEYASTCS MIPH MOJTHOTE COCHOBOTO JIpe-
Boctost 0,6—0,9 (tabmn. 2). [Ipu monmnote 0,3—0,5 konmuyecTBO 0CcOOEH HA ETUHUILY
nonaau ymenoinaetcs, a nmpu 0,1—0,2 oHa ucye3aer coBceMm.

Tabnvua 2
XapakTtep pacnpocTpaHeHusi po3bl UFNIUCTON B 3aBUCMMOCTMU OT NMOJIHOTbI AAPEBOCTOS
MonHoTta JNeconapku
apeso-
cTos KanuHosckuii | LLlyBakniickuin | Mockoeckuii | um. Jlecoso- IOXHbIN HwuxHe-
nos Poccun nceTckum
nno- % nno- % nno- % nno- % nno- % nno- %
waap, ra waap, ra wanap, ra waap, ra wanap, ra waap, ra
0 1,1 0,9 1 1,3 — — 3,8 12,8 0,1 0,1 3,5 1,3
0,1 — — — — — — — — — —
0,2 — — — — — — — — — — 0,8 0,2
0,3 — — 1,6 2 — — 0,3 0,8 — —
0,4 0,4 0,2 0,6 0,7 — — 0,3 0,8 1,2 0,5 2,3 0,8
0,5 2,2 1,8 1,9 2,4 1,7 2,4 0,3 0,8 5,2 2,2 6 2,2
0,6 9,2 7,4 153 | 194 6,3 8,9 0,8 2,7 43,6 [186] 37,1 13,6
0,7 35 28,2 29,4 |37,2| 16,7 |23,7 1,5 5 96,3 41 102,2 37,4
0,8 51 41,1 17,1 216| 19,2 |273| 184 |61,7| 61,2 |26,1| 1059 [38,8
0,9 21,1 17 10,2 [12,9 14 19,9 4,6 15,4 22,2 9,4 9,8 3,6
1 4,2 3,4 2 2,5 12,5 17,8 — — 4,9 2,1 5,6 2,1

BbiBOAbl. PEKOMEHOALUN

BunoBoe pazHooOpasue B u3ydaeMbIx jeconapkax r. ExkarepunOypra Bappupyet
ot 10 1o 20 gpeBecHbIx BUI0B. CosudukaTopaMu KOPEHHBIX TUIIOB Jieca JIF00O0ro Jieco-
napka sBJSAIOTCS psiOMHA OOBIKHOBEHHAs!, MaJIMHA OOBIKHOBEHHAsI, YepeMyXa OOBIKHO-
BEHHas1, UBa KO3bsl, PAKUTHHUK PYCCKHI, pO3a UITIMCTas, @ U3 UCKYCCTBEHHBIX M10CAIOK —
KHMMOJIOCTh TaTapcKasi. IHBa3MOHHbIE U HCKYCCTBEHHO BHE/IPEHHBIC BU/bI HE COCTAB-
JSIFOT KOHKYPEHILIUH €CTECTBEHHBIM I10/IJIECOUHBIM BHJIAM.

B necubix sxocucremax r. ExatepunOypra 1eHONOMy ISIIUH PO3bI MOYKHO BCTPETHTh
B JICBATH TUIIAX Jieca. DKOJIOro-(hpUTOIEHOTHYECHI ONITUMYM JJAHHOT'O BUJIA 3aKJIFOYACTCS
B IIPOM3PACTAHUU B COCHSKE ATOJHUKOBOM IIpH NMOIHOTE apesocros 0,6—0,9.

Pa6ota BbinmonHeHa no Teme «Mccnenosanue v oxpaHa (PeHOTUNUYECKOTO U TEHETUYECKOTO OHoIo-
THYECKOTO Pa3HoOoOpasus Quopsl U pacturensHOCTH Poccum» Ne rocpermerpanun AAAA-A17-
117072810011-1.

© E.A. Tumkuna, A.U. Yepmubix, 2019.
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ECOLOGICAL AND PHYTOCENOTIC CHARACTERISTICS
OF ROSA ACICULARIS L. IN EKATERINBURG FOREST PARK ZONE

Elena A. Tishkina'?, Artem I. Chermnykh'

'Ural State Forest Engineering University
Ekaterinburg, 620100, Russian Federation

*Botanical Garden of Ural Branch of Russian Academy of Sciences
Ekaterinburg, 620144, Russian Federation

Abstract. Analysis of forest areas in forest parks of Ekaterinburg was carried out based on GIS
database of AWP Lesfond program. A database of distribution of undergrowth species in forest parks was
formed and then analyzed with Microsoft Excel. Regularities in the distribution of local and introductory
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undergrowth species in pine forests of Ekaterinburg were determined. The area of pine forests having
undergrowth of twelve aboriginal, two invasive species and ten species in artificial plantings in six forest
parks of Ekaterinburg — Kalinovsky, Moskovsky, Yuzhny, Nizhneisetsky, Shuvakishsky and im. Lesovodov
Rossii — was determined. Analysis of the data showed that the area covered with prickly wild rose (Rosa
acicularis) constituted 811.4 hectares of all the undergrowth territory (9848.45 hectares), but its distribution
in forest park was extremely heterogeneous. Rosa acicularis occurs in the Nizhneisetskiy forest park more
often than in other forest parks (273.1 ha). This species is common in nine types of forest, its ecological
and phytocenotic distribution optimum is berry pine forest with 0.6—0.9 stand of trees. Presence of prickly
wild rose in undergrowth and condition of its cenopopulations indicate a typical composition of plants
in the forest park zone of Ekaterinburg. In the forest parks studied, Rosa acicularis is one of the co-edificators
in indigenous forest types, along with Sorbus aucuparia, Rubus idaeus, Prunus padus, Salix caprea,
Chamaecytisus ruthenicus, Rosa acicularis. The data given on the calculation of forest areas with prickly
wild rose are the basis for inventory of valuable medicinal raw materials and ready-made decorative forms
for the introduction of urban landscaping.

Key words: Rosa acicularis L., forest park, undergrowth
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OLEHKA YPOBHA HUTPUTA — METABOJIUTA OKCUOA ASOTA —
Y JIOWWAZEXA C CUMNMTOMOKOMIMJIEKCOM KOJIUK
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AnHoTanus. [TaTorenes 3aboneBaHuil MUIIEBAPUTEIBLHOTO TPAKTA JIOMIAAEH, COMTPOBOKIAEMBIX
Pa3BHUTHEM BOCIAJICHUS U OKHCIHUTEIBHOTO CTpecca, MOXKET OBITh CBSI3aH C HEJOCTATKOM MOHOOKCHIA
azora (NO), ympaBisionero MHOXXECTBOM CHTHAJBHBIX ITyTel B opranu3me. Monookcup azora (NO)
MIPUHUMAET YYacTHe B padoTe HIMMYHHOH M HEPBHON CHCTEM, €r0 YPOBEHb HETIOCPEICTBEHHO OIPENIeIsieT
TOHYC BCEX COCYIOB U T€YEHHE MHOTUX IaTOJOrMUecKHX IporeccoB, NO cielyeT OTHECTH K YUCITY
HanOoJiee BaXKHBIX (PAaKTOPOB 3aIUTHI CIIM3UCTOM JKEJTyIKa M KUIIeYHHKA. B pabore moapoOHO ocBelieHa
METO/JMKA OIPE/CICHHs] YPOBHS HUTPUTA — METa00JIUTa OKCHUJIA a30Ta — IIpU 3a00J1eBaHUSX JIoManeh
C CUMIITOMOKOMIIJIEKCOM HCTHHHBIX KOJIUK, & TAaK)Ke IPUBEACHBI PE3yJIbTaThl U3MEPEHUN HUTpUTA
B CBIBOPOTKE 3/I0POBBIX )KUBOTHBIX JABYX BO3PACTHBIX IpymIL: 1—S5 jeT u 6—25 51eT ¥ KUBOTHBIX € NaTOJIO-
ruei. KoHIeHTpalus HUTpUTa B CHIBOPOTKE KPOBH Y JIOIIaJeH BO3PACTHOM IPyMIbl 6—25 JIeT cocTaBuia
3,42 £ 4,22 MxM, IpH 3TOM Y MOJIOABIX KUBOTHBIX (1—35 J1eT) ypoBeHb 3TOro mokaszarens Obul 8,24 £
+ 5,42 MxM, uto B 2,4 pa3za Bblie. Pe3koe CHIKEHHE HUTPUTA OTMEUYCHO Y BCEX JIOMIA/ICH ¢ 3a00JIeBaHH-
smu kumeynnka 2,07 £ 0,90 MxM, ocobenno npu mMereopuzme 0,6 £ 0,4 MKM U CIACTUYECKHX KOJMKAX
1,78 £ 0,5 MxM. [lauHble (axThl 00yCIaBIMBAIOT AUATHOCTUUECKYIO U IPOTHOCTUUYECKYIO IIEHHOCTh OKCUJIA
a30Ta Kak OMoMapKepa peryJisHy MepUCTATPTHKY KHIIEYHUKA B HOpME M IIPH MaTOJIOTHH.

KuroueBble ciioBa: nomanp, Kok, DI IP-criekTpockomnusi, HUTPHUT, OKCHIT a30Ta, HUTPO30THOJEI,
JUHATPO3UIIbHBIE KOMIUIECKCHI XKeJIe3a, HUTPO30TeMOTTI00MH

AKTYyabHOCTD. J[narHocTuka, npouIakTuKa U JiedeHue 3a00eBaHuii tomanei,
IPOTEKAIOMIUX C CUMIITOMOKOMIIIEKCOM MCTUHHBIX KOJUK — OJHA U3 aKTyaJbHbBIX
npo6sIeM BETEpUHAPHON MEAUIMHBI, TOCKOJIbKY OHHM COIPOBOKIAOTCSI BBICOKOM CMepT-
HOCTbIO JKUBOTHBIX M HAHOCAT 3HAYUTEIbHbIH S3KOHOMUYECKUH yILepo.

[Iupokast pacipoCTpaHEHHOCTh 3a00JIEBAHUM JKelTy/IKa U KUIIEYHUKA Y JIOIIaIeH,
CJIO)KHOCTh U MHOTOTPaHHOCTh MATOI€HE3a, a TAK)Ke HEJAOCTaTOYHAsl OCBEIEHHOCTD
BONPOCOB JU(depeHInanbHON AUarHOCTUKN aKTyallu3UpYIOT JaHHYIO TeMy, TpeOy-
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IOUIYIO JTAIBHEHINEro N3y4eHHs1, 00yCIIaBInBas €€ BHICOKYIO MPAKTUYECKYIO U TEOPETH-
YECKYIO 3HaUUMOCTb.

Bgenenue. 3a00eBaHus MUIIEBAPUTEIHLHOTO aNlapara JOmaaeii UMEIOT OCTpPBIH
XapakTep Te4eHUs!, 00YCIIOBJIEHHBIN CKPBITO MPOTEKAOIUMHU IpoleccaMy (BOCTIAIH-
TEJIbHBIE SBJICHUS, U KaK Pe3yJIbTaT — Pa3BUTHE OKHUCIMTEIBHOIO CTpecca — TUIep-
HPOAYKIMU aKTUBHBIX (DOPM KUCIIOPO/a), [0 IPHUYMHE BO3pacTa, GPU3MIECKUX Harpys3oKk,
KOPMJICHUS], HACJIEICTBEHHBIX ()aKTOPOB KOHKPETHOTO KUBOTHOrO. [1o MHEHMIO psia
UCCle10BaTeNe!, B PoLecce MaToreHe3a MOKET CHUKAThCsl YPOBEHb OKCHA a30Ta,
HEOOXOIMMOTrO AJIs HOPMAaJIbHOM pabOThI KaK SHIOTENHNS COCYIOB U CUHKTEPOB, TaK
Y OPTaHOB B LIEJIOM.

Momnookeua azora (NO) Hapsiay ¢ AByMs JPYTHMHU Ta3000pa3HbIMU MECCEHIKeE-
pamu (CO u H,S) npunumaeT yyactre B paboTe IMMYHHOW M HEPBHOM CHCTEM, €ro
YPOBEHb HENOCPEJICTBEHHO ONPEIENSET TOHYC COCY/I0B U TEYEHHE MHOTUX MaTOJI0rye-
CKHX ITpolieccoB B opranusme. Ocobble (pr3HKO-XMMUUYECKHE CBOMCTBA TAHHOW MOJIEKYJIbI
OIpeAeIWIN CIIoco0 ee TPAaHCIOPTUPOBKU — B (POPME HUTPO3WIBHBIX KOMIIJIEKCOB
C FEMOBBIM XkeJe30M, HUTP030THOJI0B RSNO, a Takke BBICOKO- 1 HU3KOMOJIEKYJISIPHBIX
KOMIUIEKCOB C HETEMOBBIM JKEJIE30M C THOJIOBBIMM JIMraHAaMu [1]. D1o Tak Ha3pIBaeMble
«xoMmIuieKchI 2.03» — MOHO- U OUsIepHbIE TUHUTPO3WIbHBIE KoMmIuiekehl (JTHKOK).

NO cunresupyercs in vivo u3 L-apruanna noa neiicrBuem NO-cunrerassl (NOS).
NO MoynupyeT akTHBHOCTD O€JIKOB MOCPEICTBOM S-HUTPO3WIMPOBAHUS: BO3ICHCTBHIO
(NO") nonseprarorcst uctenHoBble octaTki. Cunre3 HuTpo3oTHosoB (RSNO) — pery-
JMpyeMasi TIOCTTpaHCIsIMoHHas Moaudukams 6enka. O0pa3zoBaHre OEIKOBBIX JUMHUT-
PO3HIbHBIX KOMIIEKCOB IPU CBSI3bIBAHUM THOJIOBBIMU rpymnamMu xenes3a (II) ¢ NO
TaKKe MPEICTaBIsIET CO00i POpMY MOCTTPAHCIIALMOHHOTO PETYIMPOBAHMS MX aKTUBHO-
cru. OuH U3 HanboJiee pacIPOCTPAHEHHBIX METOJIOB IPH OLIEHKE CTENEHU BOCHAIU-
TEJIBHOIO Mpoliecca — U3MEPEHHE YPOBHS HUTpATa C UCIIOJIb30BAaHUEM TaK Ha3bIBa-
€MOro peakTuBa I'pucca — Henb3s CUUTATh KOPPEKTHBIM, IOCKOJIBKY HUTPAT UMEET
pa3nUyHble UCTOYHUKH MPOMCXOXAECHUS B OpraHu3Me. B nureparype Takke UMETCS
NaHHbIe 00 M3MEepeHNH KOHIIEHTpau HUTpo3oTHosioB (RSNO) [2].

OTOT moaxoz emie 6ojee CIOPHBIN, B CBA3HM C OOJNBIIMMUA METO0JIOTHUYECKIMH
TPYAHOCTSIMHU UX U3MEPEHHUH, YTO TMPUBOAUT K Pa3dpoCy JAaHHBIX B (PU3UOJOTHMUECKIX
KUJKOCTSAX M TKaHIX 3M0POBBIX KUBOTHBIX 10 10000 pa3 (ot 1 HM g0 7 MmxM). B no-
CTYNHOH JIUTEpaType Mbl HALILUIA ITyOJIMKAIMH, CBSI3aHHbBIE C U3MEPEHHEM HUTpATa
B CBIBOPOTKE JIOLIAIeH JJIsl OLIEHKH CTENEHH TsKeCTH 3a0osieBanuii [3].

HecMotps Ha oueBHIHBIE MTOKa3aTeNN 3a00JI€BaHUI Yy )KUBOTHBIX, OLIEHKA YPOBHS
HHTpaTa He M03BOJsUIa A (epeHIIMPOBATH HOPMY OT MATOJIOTUH JTaKe B CIydae hccie-
JIOBaHMs OOJIBIITMX BBIOOPOK JKUBOTHBIX [4]. Hanbonee KoppeKTHOW OLEHKOH ypOBHS
OKCHJIa a30Ta B OPraHU3Me Kak B HOPME, TaK U MPH NAaTOJIOTMYECKUX COCTOSHUSX Cle-
JyeT CUMTaTh U3MEPEHUE NMPOAYKTa €r0 METab0IM3UPOBaHUS— HUTpUTA |5, 6].

[TosTomy nenbio Hameil paboThI, UCXOAS U3 AHAIM3A JIUTEPATYPHBIX CBEICHUN
0 BO3MOJKHOH CBSI3U YPOBHSI OKCHJIa Q30Ta B CHIBOPOTKE KPOBH Y JIOLIAJEH C CUMIITO-
MOKOITJIEKCOM KOJIMK M XapaKTepOM MaTOJOTMYEeCKUX U3MEHEHNH (PyHKIMI NuIieBapu-
TEJILHOTO ammapaTa B LEJIOM CTaJlo u3MepeHue ypoBHs Metadoauta NO — HUTpuUTa
METOIOM CIIEKTPOCKONHH AIEKTPOHHOTO NMapaMarHuTHoro pesoHanca (JI1P) ¢ ucnosns-
30BaHMEM CITUHOBBIX JIOBYIIEK [7].
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Matepunanbl u MeToAbl HccjegoBaHusl. OOBEKTOM HCCIIEJOBAaHUS CIIYXKUIU
JIOIIAAX B KOJIMYeCTBE 38 TOJIOB, MPHU KIMHUYECKOM HCCIIEJOBAaHUU KOTOPBIX 8-MU ObLI
MOCTaBIIEH JMAarHO3: KaTapalbHbIM cra3M, 3aKynopka O0IbIIoi 000109HON KUIIKH,
KOJINT, IIepeMenieHne 0obIoi 00010YHON KUIIKHA, METEOPH3M.

C xene3om remorioouHa NO oOpa3yer IOJTOKUBYIINE KOMIUIEKCHI, TTO3BOJIS-
IOLIHE ONPEETSITh €ro HEMOCPEACTBEHHO B 00pasiax kposu merogom DIIP. Jns onpe-
nenennss NO CBIBOPOTKE Mbl UCTIOIB30BAIM METO]] CITMHOBBIX JIOBYIIEK, OCHOBAaHHBIH
Ha NIPUMEHEHUH AuTHOoKapbamata u xenesa (II).

Jlist uccnenoBanus Opanu KpoBb U3 IPEMHON BEHBI B IPOOUPKHU € relapuHOM
u ueHTpudyruposany B TeueHue 10 munyT Ha nentpudyre monenu CH80-2S «Armed»
co ckopocThio 3000 06/mMuH 11t ocaxeHus: putpouuToB. [locie yero o6pasibl ChIBO-
POTKH XpaHUJIH B KUIKOM a3ote (—196 °C). lns uaMepeHnst KOHIEHTPALUK HUTPO30-
remMoryiobrHa ObliIa HUCTIONb30BaHa LeibHas KpoBb. Curnansl DIIP peructpuposanu
Ha cniekTpomerpe ¢pupmsl «bpykep» (OPI') ECS-106.

Meron onpenenenus NO, Ucnonb3yeMblid B JaHHON paboTe, OCHOBaH Ha peakiuu
oOpa3zoBaHus HUTpPO30THONa — HUTpo3ouucrenHa (RSNO) B kucnoii cpene (pH = 3,5)
n3 annona HuTputa NO, ¥ rHAPOXJIOpHUIA HUCTENHA. 3aTeM HUTPO3OIUCTEHH B IIPUCYT-
crBum xkene3a (2+) u N-metun-D,L-rmiokamun nutnokap6amarta (MI'JI) (sioBymika)
o0pa3yeT BOJI0OpacTBOPUMBIN NapaMarHUTHBI MOHOHUTPO3WIIBHBIN KOMILIEKC JKele3a
MHKXX MTI'[I-Fe-NO. Onpenenenune annona autputa NO, TpOBOIUIN CIETYIONTAM
00pa3oM: OeNKH CHIBOPOTKH I10CIIE pa3MOPO3KU YAAISIIN (GUIbTPOBAaHUEM yepe3 QUIbTp
Microcon, Millipore Corporation, USA B teuenue 20 munyTt npu 14 500 06/mun
Ha neHtpudyre Mini Spin plus, Eppendorf.

Pa3paGoTaHHbIIl HAMH METOJ1 TI03BOJISET, BO-IIEPBbIX, KOHTPOJIMPOBAThH BIUSHUE
0enKOoB ChIBOPOTKM Ha peakuuio odpasosanus MHKIK MI'Jl; u, Bo-BTOpBIX, y4ecTb
BKJIaJ] BBICOKOMOJIEKYIISIpHBIX RSNO Kak JONOTHUTENIEHOTO UCTOUHUKA HUTPUTA.

K 50 mxu1 iucrenna koHueHntparueit 400 MM no6asisuii 10—120 MKIT CBIBOPOTKH,
pH pactBopa nosoxunu a0 3,5 nobasnenuem 0,01 MM HCL. Cnyctst 5 MmunyT 106aBisiim
50 mxa 40 MM cynbdara xenesa (II), 200 mxir 400 MM G6ydepa (Tpuc wnu Hepes)
u 200 mxn MI'Jl konuenTpanueit 250 MmM. 3atem pH pactBopa nosbimanu 1o 7,6
0,06%-up1M pacTBOpoM NaOH. B stux ycnosusix oopaszyercs MHKIK MI'JI-Fe-NO.

Jis mocTpoeHHs KaInOpOBOYHOW KpUBOM K 50 MKJI HHMCTEHMHA TUAPOXIIOPHIA
koHueHTpanuei 400 MM 100aBIIsUI pacTBOP HUTPHUTA HATPHSI KOHIICHTparen 480 MkM
pazHoro oobema (2—40 mxi), pH pactBopa noBomuu 1o 3,5 nodasnenunem 0,01 MM HCIl.
Cnyctsa 5 munyT no6asisui 50 mxn 40 MM sxenesa cynbgata, 200 mxa 200 MM (Tpuc
umn Hepes), 200 mxan 250 mM MI'/], pH noBoaunu no 7,6 0,06%-HbIM pacTBOpoM
NaOH. Yepe3s 10 mun 3anuceiBaiin OPO cnexktp MHKOK MI'/I-Fe-NO. OueHky KoH-
LEHTPallUK HUTPUTA B 00pa3Le MPOU3BOAMIN METOJIOM JIBOMHOTO UHTETPUPOBAHUS U
comnocTtaienus miomaseiit I1P-curnanos uccieayeMoro U CTaHIapTHOTO o0Opasia.
B kauecTBe mocnegHero UCMob30Bajll CUHTE3UpOBaHHBIN komIuieke MI'/L ¢ xerne-
30M (2+) u okcunom azora: MHKOK MI'/I-Fe-NO. Ha puc. 1 npencrapineHa 3aBUCHMOCTb
uHTeHcuBHOCTH OIIP-curnana or konuenrpauuu Hutpura [C] = 0,134 T — 0,024.
Koadpdunment xoppemnsuu » = 0,984 (meron Cnimpmena). PacueTsl mpon3BOAUINCEH
¢ moMolkko nporpaMmHoro obecnedenus: II1P-cnexkrtpomerpa Bruker ECS-106.
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Pesyabtatel. Ha puc. 1 nokasana 3aBucumMoctb uHTeHCUBHOCTH DIIP-curnana
(TuTomab MOABIHTErPAILHOM KPUBOI) OT KOHLIEHTPALMKA HUTpUTA B Auana3one 0,3—
1,6 MkM B 00pa3lie mocie yaajaeHus: CHIBOPOTOYHBIX OEITKOB IEHTPU(DYTHPOBAHUEM.
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Puc. 1. 3aBncnmocTb nHTeHcmBHOCTM IIMP-curHana
(nnowaab noabIHTErpanbHoOM KPUBOKM) OT KOHLEHTpauum HuTpurta /
Fig. 1. Dependence of the intensity of the EPR signal (area of the integrand curve)
on the concentration of nitrite

Hcrionb3yst HOCTPOSHHYIO KATMOPOBOYHYIO KPUBYIO, OBLIH MPOBEICHBI H3MEPEHUS
CoZIep KaHusl HUTPUTA B 00pa3Iax CbIBOPOTKH KUBOTHBIX, YTO OTPakeHO B Ta0I. 1.

Tabnnua 1/ Table 1

KoHueHTpauus HUTpuTa B CbIBOPOTKE U HUTPO30reMorsnoouHa B LesibHOii KpoBU nowwagu /
Concentration of nitrite in serum and nitrosohemoglobin in whole horse blood

Ne [pynnbl XMBOTHbIX KoHLueHTpauus HuTposore- KoHueHTpauus HuTputa
MornobuHa, MkM, M+ m B CblBOPOTKE, MKM, M+ m

1 | 3ooposble nowagu, 0,1+£0,1 MwuhH 0,63+ 0,3
Bo3pacTt ot 1 rogago5ner,n=11 makc 18,9+ 0,6

2 | 3poposble nowwaau, 0,15+0,1 Mwnn 0,30+ 0,2
BO3pacT o1 6 fo 25 net, n =19 makc 15,4+0,5

3 | 3akynopka 601bLLO 060404HOM KULLIKU, * 2,38+0,70
13,5roga

4 | MeTteopuawm, 7 net * 0,60+0,40

5 | 3akynopka cnenow kuwku, 14 net * 2,41+0,70

6 |MepemeLeHme 60MbLLON 06004HHOM | 0,3+0,10 2,42+ 1,30
KULLKK, 8 net

7 | Konut,18 net * 2,47 £ 0,60

8 | XpoHuyeckune Ce30HHbIE KOMNKU, — 2,31+0,60
3aKynopka 1a3oBoro uarnba, 3,5 roga
Cnactunyeckme konuku, 6,5 net 0,21+0,10 1,78 +£0,50

10 | KoauT (nepuogamu), 3 roga — 6,12+2,11

B Tabnune 1 npuBeneHs! pe3ysibTaThl U3MEPEHUI HUTPUTA B CBIBOPOTKE 3710-
POBBIX XKMBOTHBIX 2 BO3PACTHBIX rpynn 1—35 et u 6—25 ner, a Takke 8§ KUBOTHBIX
¢ narojorueil. Pe3ynprarsl ctarucTuueckoil 0OpabOTKU MOMYyYEHHBIX JAHHBIX IPUBeE-

IIEHBI B TA0II. 2.
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Tabnnuya 2 / Table 2
CraTtucrtnyeckue nokasarenm /
Statistical data
Monogpie 1—5 net BospacTHble 6—25 net BonbHble
CpepHee * cT. 0TKN., MKM 8,24 +5 42 3,42+ 4,22 2,07 £0,90
Mepaunana, MkM 8,7 1,5 2,4
HopmanbHoe pacnpegeneHne 0,79 7*10° 0,4274

TecT Lannpo—Yuika, p

MoJoable / Bo3pacTHble |  Mosiogple / 60nbHble | BO3pacTHble / 60bHbIE

®dopma pacnpenenexus 0,0484 0,0074 0,6547
Tect KonmMoroposa, p

MepnaHa 0,0108 0,0391 0,2500
TecT MaHHa—YuTHuW, p

CpegnHee 0,0211 0,0036 0,1990

TecT CTblof€eHTa, p

JIJist OIIEHKM CTETICHH Pa3inydus MCIIOJIb30BAIHM aHAIN3 (POPMBI pactpeeeHus
(Tect KonMoropoBa) u cpaBHeHUE MeJMaHbl U cpefHero (Tect MaHHa—YUTHU U TECT
CTBIO/ICHTa COOTBETCTBEHHO). AHAIN3 IMOKa3aJl 3HAYUMBIE OTJIMYHS 10 BCEM HCCIIC]IO-
BaHHBIM ITapaMeTpaM JJIsl BO3PACTHBIX M OOJICIOIINX JIomIaaei oT Mojoasix (p = 0,0484
u 0,0108; 0,0074 u 0,0391), Torna kak Mex1y BEIOOpKaMH BO3PACTHBIX U OOJICIOIIMX
paznuuus HesHauumsbl (p = 0,6547 u 0,2500).

A NO
Rl R2
N—C =P ";’;c—N(
R R
20
19
18
17
290 K
mTa
L
330 340

Puc. 2. Cnektpbl 3MP komnnekca N-metun-D, L-rniokamund gutmnokapbamata (M)
c xenesom (2+) n okcnpom azota MHKOXX Ml FeNO B cbiBOpOTKE noLiageii:

Ne 17 — 3akynopka 60nbLuoi 060a04HO KuLkn, Ne 18 — meTeopuam, Ne 19 — 3akynopka cnenotii knwku, Ne 20 —
crnacTuyeckme Konukun. BectaBka A — cTpykTypHas popmyna napamarHutHoro komnnekca MHKXK M FeNO
Ycnosusi 3anvcy cnekTpos: X-AvanasoH, LeHTp nons 334 mT, passepTka 10 MT, amnautyna moaynsummn 5 Ic,
moLHocTL CBY 20 MBT. Younenue 1-10°, 1 HakonneHue, Temnepatypa 293 K

Fig. 2. EPR spectra of the N-methyl-D complex, L-glucamine dithiocarbamate (MGD)
with iron (2+) and nitric oxide MNICMGD FeNO in the horse sera:

No. 17 — congestion of the large colon, No. 18 — flatulence, No. 19 — blockage of the cecum, No. 20 —
spastic colic. Insert A is the structural formula of the paramagnetic complex of the MNICMGD FeNO
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OBCY)XXOEHUE

NO cienyer OTHECTH K YHMCITy Haubosiee BaXHbIX (DAKTOPOB 3aIUTHI CIU3UCTOM
KKT [8]. U3BectHa posb NO kak HelipoMeanaTopa B HeaIpeHePruIeCKUX/HeXOIMHEP-
ruyeckux HeillpoHax (NANC-HelpoHbI), KOTOpbIE, HAPAY C XOJUH- U HOpPaJpeHep-
TUYECKUMHU IIPOBOJHUKAMHU aBTOHOMHOW HEPBHOW CHUCTEMBI, COCTABIISAIOT TPETUN TUIL
ABTOHOMHOM HepBHOM cucteMsl [9, 10]. V nomazneli IMEIOTCs TpU AaBTOHOMHBIX LIEHTPa
peryJisiliuy NMepUCTANbTUKHU, CBA3aHHBIX C MHTEPCTULMAIBHBIMU KieTkaMu Kaxamns:
racTpOIyOICHAIbHBIN LEHTP, M0JIB3/I0IIHO-CICTIOKUILICYHbII HEHTP U LEHTP Ta30BOr0
usruoa [10, 11].

ABTOHOMHAas1 HEpBHas CUCTEMa KHILIEYHHUKA MCIOJIb3YET B KaueCTBE HEHpOMean-
aTOpOB Ba30akTUBHBIN MHTeCTHHANBHBIN nentua (VIP) u NO [11, 12]. YcranosieHo,
YTO OKCHAY a30Ta MPHHAJICKHUT CYILIECTBEHHAs! POJIb B aKTUBALIMU CHHTE3a OMKapOo-
HaToB, peryysinuu kposotoka U MoTopuku JKKT. Ilokazano yyactue NO B marono-
IMYECKHX MPOIeccax, MPOTEKAIOUIUX B TOJICTOM KUIIEUHUKE. DTH U3MEHEHHS MOTYT
Croco0CTBOBATh HAPYIICHHIO MOTOPUKH U a0COPOIMH B KUIICYHHKE.

[omyueHHble HAMU JaHHBIE COITIACYIOTCS C MPEJICTABICHUSIMU O CHIPKEHUH YPOBHS
NO B ciy4ae HaOIIOICHUS TTATOIOTMYECKUX M3MeHeHnH (yHKImi. KoHueHTpanus HAT-
puta (Tab. 1) B CBIBOPOTKE KPOBH Y JIOMIAIeH BO3PACTHOM TpymIibl 6—25 JIeT cocTa-
Buna 3,42 + 4,22 MxM, 1ipu 35TOM y MOJIOJIBIX )KUBOTHBIX (1—35 JI€T) ypoBeHB 3TOTO
nokasarens Obu1 8,24 + 5,42 MkM, uTo B 2,4 pa3a Beie. Pe3koe CHIKEHHE HUTPUTA
OTMEYEHO Y BCeX Jiomaiel ¢ 3aboneBanusmu kumeynuka 2,07 + 0,90 MmxM, ocoGeHHO
npu Mereopusme 0,6 + 0,4 MxM u cnactuueckux kosmkax 1,78 £ 0,5 MxM.

VYposenb HUTpo3oreMoriodnna (taba. 1) B nenbHoi kpoBH 370poBbiX (0,1 £
+0,1 MmxM u 0,15 £ 0,1 MmxM) u 60oabHBIX kUBOTHBIX (0,3 = 0,10 MM u 0,21 *
+ 0,10 MkM) COOTBETCTBYIOLIMX BO3PACTHBIX IPYII UMEET OTIMYMS B BEJIMUUHE CPe/l-
HETO, HO pa3/In4Msl CTATUCTHUECKU HE3HAUMMBI.

Jlannbie GakTel 00YCIaBIMBAIOT TUATHOCTHYECKYIO M IIPOTHOCTUYECKYO IIEHHOCTh
OKCH/Ia a30Ta Kak OMoMapKepa perysisiiuy NepUCTaIbTUKN KUIIEYHUKA B HOPME U TIpH
IIATOJIOTHH.

SAKJTIONMEHUE

VYpoBeHb TPOU3BOJHOIO OKCHA a30Ta — HUTPUTA B KPOBH OOJIBHBIX JIOIIaIeH
MMEEeT XapaKTepPHYIO TeHJCHIHIO K OHIKEHUIO OTHOCUTEIBHO 3J0POBBIX JIOIIAICH.

Ha onpenenennbix stanax 3abonesanust XXKT Bosznukaer nepunut NO, xoTs
BbIpabaTeiBaeMoro nocpeactsoM eNOS, iNOS u nNOS okcuzaa a3ota MHOTO, HO €ro
NeficTBHE B KaU€CTBE MECCEHKEpa HEJJOCTATOYHO M, TAKMM 00pa3oM, CHIDKEHHAst OHO-
noctynHocts NO oOycnasiuBaer HapyuieHue gynkiuil XKKT y nomanaeit.

HccnenoBanus 10 OLIEHKE YPOBHSI OKCHJIA a30Ta U €ro MeTabolInTa B KPOBH, a TakK-
&Ke JAPYTrux Mokasaresel BocrajaeHHs He0OXOIMMO MPOJIOKUTh Ha OOJbIel BEIOOpKE
YKUBOTHBIX IS NOJTy4eHHUs 60JIee NOJHOM KapTHHBI IPOTEKAOIINX MIPOLIECCOB NPU
CUMITOMOKOMIUIEKCE UCTUHHBIX KOJIMK Y JIomaeil.

HNudopmanus o koHdaukTe uurepecos: Her.
Nudopmauus o punancupoBanuu. Tema I'ocynapcteenHoil Ilporpammer 0082-20140-001
Ne AAAA-D17-117040610310-6.
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ASSESSMENT OF NITRITE LEVEL —
NITRIC OXIDE DERIVATIVE — IN HORSES
WITH INTESTINAL COLIC BY ESR SPECTROSCOPY
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Abstract. The pathogenesis of diseases of the digestive tract of horses, accompanied by the develop-
ment of inflammation and oxidative stress, can be associated with a lack of nitrogen monoxide, which
controls a variety of signaling pathways in the body. Nitrogen monoxide (NO) takes part in the work of
the immune and nervous systems, its level directly determines the tone of all blood vessels and the course
of many pathological processes. NO should be considered as one of the most important factors in the pro-
tection of the gastric and intestinal mucosa. The article describes in detail the method for determining
the level of nitrite-nitric oxide metabolite — in diseases of horses with the symptom complex of “true” colic,
and also presents the results of measurements of nitrite in the serum of healthy animals of two age groups:
1—5 years and 6—25 years and animals with pathology. The concentration of nitrite in blood serum
in horses of the age group of 6—25 years was 3.42 + 4.22 uM, while in young animals (1—5 years) the level
of this indicator was 8.24 + 5.42 uM, which is 2,4 times higher. A sharp decrease of nitrite was noted in all
horses with intestinal diseases of 2.07 + 0.9 uM, especially with meteorism 0.6 £ 0.4 uM and spastic colic
1.78 £ 0.5 pM. These facts determine the diagnostic and prognostic value of nitric oxide as a biomarker
for the regulation of intestinal motility in normal and pathological conditions.

Key words: horse, intestinal colic, ESR-spectroscopy, nitrite, nitric oxide, nitrosothioles, dinitrosyl,
iron complexes, nitrosyl hemoglobin
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Abstract. Dairy cattle’s breeding is an important industry, since it is providing milk and meat
to population. Modern cows are significantly different from their ancestors in biology, behavior and
in productivity. The scientific approach to feeding, condition of content and formation of focused heredity
contributed to increasing the cows’ productivity. During the mammary gland formation and sexual cycles
manifestation, puberty occurs, which makes it possible to obtain offspring and secretion of milk for feeding
calves. The modern cows are capable of producing milk for their calves and for feeding people. The appear-
ance of record cows, giving about 100 kg per day, and during lactation more than 32 tons of milk serves
as an example for achieving such indicators of production. There are negative effects in reproduction biology,
which takes place in modern cattle breeding. In order to breed highly productive cows, it is important
to increase their livestock by intensive selection. Modernity is such that fertility is reduced due to cows’
reproductive functions inhibition. Modern practice shows that it is possible to introduce methods of obtaining
several calves from one cow. It is generally accepted for this purpose use new reproduction methods, for
example transplantation of embryos with high genetic potential. This technique is widely used in biotech-
nology of cows breeding. We have tested the method of preparing and conducting embryo transfer to heifers
from 13 to 16 months old in the Kuban Agro-Association.

The article presents indicators of heifer. It was revealed that not all animals reacted positively to
superstimulation. Embryo transplantation showed that 35.1% of embryos survived after embryo transfer.
Economic calculations have shown that for the rapid formation of a highly productive herd on the farm,
it is advisable to use Ayrshire breed heifers capable of raising embryos and giving birth to healthy calves
as recipients.

Key words: heifer, recipient, hormones, stimulation, embryo, transplantation, embryo survival, calf

INTRODUCTION

A significant increase in milk production of cows affects the formation of lactation
dominant, which suppresses the intensity of the manifestation of the reproductive func-
tions and fertility of animals [1]. The inverse relationship between the physiology of
cows and heifers between the production of calves and the increase in milk productivity
is caused by the development of biotechnology, which allows for the rapid reproduction
of highly productive herds of cows [2]. The beginning of the biotechnology was devel-
oped in the UK, methods for obtaining and freezing mouse embryos, and then from
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40 species of mammals [3, 4]. The cattle embryo transplantation technique developed
in the past is now widely used in many countries. This allowed us to quickly create whole
herds of highly productive cows.

Currently, in some farms of the Krasnodar region, for reproduction of highly pro-
ductive cows, they have mastered and are implementing methods for embryo trans-
plantation, the highest Holstein cattle breed in the world, and heifers were used as
recipients [4, 5].

The purpose of our research was to study and master the method of embryo
transfer and analyze the results of their survival rate in Ayrshire heifers.

MATERIAL AND METHODS

We have carried out studies on dairy farms ‘AgroAssociation’. For our research,
Ayrshire heifer breeds selected on farms were used for farming, taking into account
their breed, origin and level of productivity of the cows, as well as health and repro-
ductive functions.

The general purpose of research is studying and mastering the methods of selection,
preparation of recipients and transplantation of embryos to Ayrshire calves. To carry out
the scientific experience, 2 groups of Ayrshire breed were formed: 1* control group that
includes animals without hormonal stimulation and 2™ experimental group of heifers,
which have been stimulated for superovulation (Table 1).

Table 1
Scheme of experiment
NeNe experimental Experimental animals The number Hormonal stimulation
groups Ayrshire breed of animals, heads
| control heifers 20 without stimulation
Il experimental heifers 17 hormone stimulation

Recipients were selected in 2 stages. At the first stage, Ayrshire breed heifers were
selected according to age from 14™ to 16™ months, at the second stage by external exterior
features, level of health, physiological condition of the animal.

The criterion for the selection of recipients heifers were taken into account the
requirements for mothers’ milk production less than 6,000 kg for 305 days of lactation;
with strong constitution, an exterior of the milk-like animal, a live weight around 400 kg
or more, the metabolic activity of potential recipients, a positive reaction to hormonal
scheme, maternal insemination index 1.5 and at his 3™ sexual cycles or more. The recipi-
ent must be a physiologically healthy animal: the uterus is located in the pelvic cavity,
the cervix is clearly expressed, the length of the horns of the uterus is 20—35 cm, without
adhesions and tumors, an active corpus luteum of the ovary, measuring 1—1.5 cm.
We did not use heifers as recipients when there were both a corpus luteum and a follicle.
Clinically healthy animals: score body — 2.75—3.50 points, without lameness and
gastrointestinal tract, and the respiratory and digestive organs lesions. The first group
of the control group did not perform hormonal stimulation until embryo transfer at the
16™ day. Animals of the experimental group from the first to 16™ days were carried out
according to the superovulation program, and 1 ml of Fertagyl was administered to the
animals of the control group before embryos transplantation (Table 2).

VETERINARY SCIENCE 67



Hum6ona K. u 1p. Becmuux PY/[H. Cepus: AIPOHOMUA M )KHMBOTHOBO/CTBO. 2019. T. 14. Ne 1. C. 66—72

Table 2
Scheme of stimulation of Ayrshire breed recipients for embryo grafting
Drug administration Groups of recipients who received drugs
time

1 control group (heifers) 2 experimental (heifers)
1% day 7% not stimulated Fertagyl + CIDR
7" day 7° not stimulated remove CIDR + Dinolytic — 5 ml
9" day 7* not stimulated Fertagyl — 1 ml
16" day 7% Fertagyl 1 ml + embryo transplantation | Fertagyl 1 ml + embryo transplantation

Embryo transfer to recipients was performed only to animals that responded posi-
tively to the introduction of hormones. The process of embryo transplantation was
performed together with inseminator specialists and fresh embryos were used.

RESULTS OF RESEARCH

Characteristics of Ayrshire calves (recipients)

For embryo transplantation, 37 animals of the Ayrshire breed were selected. The
selected heifers — recipients were 12.9—15.6 months old. The heifers of both experi-
mental groups had well-defined status characteristic of highly dairy animals: the head
and neck were light, the neck had of medium length, gradually turning into shoulders,
deep, but moderately wide chest, flat, straight back, well developed body muscles, strong
legs and straight limbs.

We studied the survival rate of embryos in recipient heifers of 1% and 2™ groups.
An important step in the transplantation process is the selection, assessment of the state
of health and timely introduction of embryos to recipients. In order to determine the
optimization of the transplantation technique, we first carried out the embryo transfer
of the heifers that have not received the hormonal stimulation (1% control group), and
then we transferred the embryos using the same technique to the recipients, who had
hormonal treatment in order to prepare them for the embryo transplantation (2™ experi-
mental group). After embryo transfer, recipients of both groups were constantly moni-
tored to evaluate embryonic survival and development stage of embryos. Pregnancy
status was determined for the first time by ultrasound, 31 days after embryo transplanta-
tion, and by transrectal palpation of the uterus 60 days after embryo transplantation.

A trans-rectal examination of the uterus for pregnancy diagnosis allowed con-
firming or not the status and stage of pregnancy, check the viability of the fetus, and
confirm the normal topography of the uterus to diagnose various pathologies of pregnancy.
Rectal examination distinguished the characteristic features of the uterus: fluctuation
of pregnancy, palpation of embryonic membranes, palpation of the embryo and fetus,
palpation of the cotyledon and uterine artery. Ultrasound diagnosis of pregnancy allowed
us to visualize the front and back of the embryo on the 31* day of pregnancy. After
60 days of pregnancy, we considered the development of the spinal column of the orbital
cavity of the fetus, the formation of the bones of the head, mouth and skull. According
to statistics, the early definition of pregnancy in heifers — recipients was evaluated
at 46.1% of animals.
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As a result of research, the survival rates of embryos in recipients were determined.
A total of 37 embryos were transplanted to 37 heifers — recipients of Ayrshire breed.
Survival rate of embryos in females that have not undergone superovulation (1* group)
was 20.0%. In heifers that exposed to hormonal stimulation before embryo transfer,
the survival rate was higher by 32.9% (Table 3).

The results allow us to conclude that it is not advisable to use heifers as recipients
without hormonal stimulation, as proved that only 4 heifers (20.0%) were pregnant
in the control group, between 14 and 15.8 months old (the average was 14.95 months).
In the heifers of the experimental group — from 13.3 — 16.5 months old (on average —
15.53 months) — 9 embryos survived (52.9% of pregnancy).

Table 3
Results of embryonic survival in heifers Ayrshire breed
Animal groups Indicators
transferred pregnant recipients, embryomic survival rate,
embryos, nbr. heads %
1 20 4 20.0

control, heifer recipients
without stimulation

2 17 9 52.9
experimental, heifers —
recipients, with hormon
stimulation

Total 37 13 35.1

It is important to note that recipient heifers must be physically developed. Analysis
showed that animal body weight of group control ranged from 416 to 469 kg, with
an average of 448.5 kg, while the recipient heifers from experimental group varied from
437 to 470 kg (average — 452.3 kg).

Cost-effectiveness of embryo transfer to heifers —
Ayrshire breed recipients

The use of embryo transfer techniques in dairy cattle breeding allowed to increase
significantly and quickly the milk yield of cows on all continents. In terms of the number
of transplanted embryos in dairy cattle breeding, the countries of Europe and North
America are leaders (151,257 collected and 111,575 embryos transplanted). The cost
of selling semen bioproducts and embryos from outstanding animals in genetics is very
high. In Russia, embryo transfer in cattle breeding is being introduced in farms with high
production efficiency, as this is an economically costly technique.

We have evaluated the economic efficiency of embryo transplantation in the Kuban
Agricultural Association. The costs of the embryo transplantation process consist of
the costs of a hormonal scheme — stimulation of ovulation in recipients and processing
of embryos transfer. The cost of the calf embryo will depend on the reproductive func-
tions of the recipients, their preparation, as well as on the professionalism of embryo
transplantation specialists. Total costs for embryo transfer are higher in the experimental
group due to the high cost (3600 rub/head) of hormonal stimulation. The total costs
per recipient of the control group amounted to — 8,000 rubles (without stimulation),
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in the experimental group — 11,600 rubles. Evaluation of embryo survival in recipients
showed that in the control group (without hormonal stimulation) 20.0% of the recipients
were pregnant, and in the experimental group (hormonally stimulated) — 52.9%.
The difference in survival rate of embryos was 2.6 times higher in hormone-stimulated
heifers, compared with non-stimulated ones.

Calves from heifers that did not receive stimulation are more expensive in com-
parison with heifers stimulated by hormones due to high rate of pregnancy and calving
from them. However, an economic assessment show that for larger quantities of embryos
obtained from animals have more highly advisable to use hormonal stimulation of the
heifers — recipients before embryo transfer by the proposed method.

CONCLUSIONS

Based on the data obtained as a result of research, the following conclusions can
be made:

The farm breeds cattle of Holstein and Ayrshire. Prolonged use of Holstein bulls
with high genetic potential of milk production: milk yield from 13,692 to 14,925 kg
of milk, fat content from 3.73 to 4.55%, protein from 3.10—3.23% in milk made it
possible to achieve milk production in cows Holstein breed more than 10,000 kg of milk,
3.79% fat and 3.57% protein;

It is known that the increase in milk productivity of cows reduces the ability of
animals to reproduce, and also reduces productive longevity in the current technological
conditions. For the purpose of rapid reproduction of the livestock of highly productive
livestock in the farm, a decision was made to introduce the method of embryo transplan-
tation from highly productive animals. In 2014, a laboratory was set up and equipped
to prepare donors and recipients, and a method was tested for obtaining embryos from
donors and transfer them to recipients. With it, the solutions are: to use Holstein heifers
as donors, and Ayrshire heifers as recipients.

© Nimbona C, Kulikova NI, Butore J, Ntunzwenimana M., 2019.
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AHHOTanusA. MoJIOYHOE CKOTOBOJICTBO — BaKHasl OTpaciib, TaK KaK €€ OCHOBHas 3aga4a — obec-

IICYUTHh MOJIOKOM M MSCOM HacejeHue. MeToauJecKu B IIPONUECCCE MIIUTEIIBHOIO UCII0JIB30BaHUA KOPOB
YCJIOBCK HAYYMJICA YXaXKUBATh, KOPMHUTH U IOJIy4YaThb IMMOTOMCTBO OT HUX. COBpCMCHHLIC KOPOBBI CYIICCT-
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BCHHO OTJIMYAIOTCS OT CBOUX IIPEIKOB, HE TOJIBLKO 10 OUOJOTUY, HOBEICHUEM, HO U IIPOJYKTUBHOCTBIO.
HayuHblif mOIX01 K KOPMIIEHUIO, YCIOBUSAM COJEPXKAaHUS U LeJEeHAPAaBIeHHOMY (OPMUPOBAHUIO
HACIIEZICTBEHHOCTH CIIOCOOCTBOBAJIN TOBBIIIEHUIO TPOLYKTHBHOCTH KOPOB. [Ipn (popMUpOBaHHH MOJIOYHOH
JKEJIE3bl Y MOJIOJIBIX TEJIOK U IPOSIBJICHUH TIOJIOBBIX LIUKJIOB HACTYIAET I10JI0BOE CO3pPEBaHUE, KOTOPOE JaeT
BO3MOXHOCTH IIOJIy4EHUsI IOTOMCTBA U CEKPELHI0 MOJIOKa JUI BhIKapMIMBaHUs TesaT. KopoBbl coBpe-
MEHHOU TeHETHKH CIIOCOOHBI JaBaTh MOJIOKO HE TOJIBKO JJISl CBOUX TEJAT, HO W JUIS MMUTAHUS JIONEH.
ITosiBneHHe KOPOB-PEKOPIAUCTOK, JAIOIUX B CyTKU okoso 100 kr, a 3a nakranuio 6oiee 32 T MOJIOKa,
CITY>KUT TIPEMEPOM IS TOCTYIKEHUSI TAKUX ITOKa3aTesiell B yCIOBUAX MPOU3BOJACTBA. JIOCTHYD PEKOPIHBIX
YIIOEB CIIOHO, HE BO3MOXHO. [Ipy 3TOM MpPOSBISIOTCS HETaTHB B OMOJIOTHH Pa3MHOXKEHHSI, YTO UMEET
MECTO B COBPEMEHHOM CKOTOBOJICTBE. C IIENbI0 pa3BeAEHUS BHICOKONIPOLYKTUBHBIX KOPOB BaXKHO YBENU-
YHUTH UX MOTOJIOBBE, ISl HHTEHCUBHOTO 0TOOpa M mondopa >KkUBOTHBIX. COBPEMEHHOCTh TaKOBa, UTO
CHIDKAETCS IUIOIOBUTOCTD 32 CUET YTHETEHHS BOCIIPOM3BOAMTENBHBIX (DYHKIIMA KOPOB MPH BBICOKOH
nakrtanuy. COBpeMEHHbIE IOXObI HAYKH U IPAKTUKH CBUAETENbCTBYIOT O TOM, YTO BO3MOXXEH JUIA
BHEIPEHUS B MPOU3BOJCTBO CIIOCO0 MOMYYEHHsT HECKOIBKUX TEJAT OT OJHOH KOPOBBI. OOLISTIPHUHATO
JUISL 3TOTO IPUMEHSATh HOBBbIE OMOTEXHOJOTUM METOJbI BOCIPOU3BOJCTBA, HAPUMEDP TPAHCIIIAHTALHIO
SMOPHOHOB C BBICOKOH I'€HETHKOH.

Takast MeToANKa JOCTATOYHO IHUPOKO HCIONb3YeTCs B OHOTEXHOIOTUH PAa3MHOKEHHUS KOPOB ITyTEM
TpaHCIIaHTanuy 3MOproHOB. Hamu anpoOupoBaHa METOJMKA IIOJTOTOBKH U IIPOBEICHUs TPAHCIIAHTa-
1Y 3MOPHOHOB TeNKaM-peLUIIeHTaM B Bozpacte oT 13 10 16 MecAies B npeanpusTi «Arpoo0beJUHeHUe
Ky6Ganb». B cratbe npezcTaBieHs! MOKa3aTeIr TeHOTHIIA TETOK-PELMIMEHTOB. BEIsBIEHO, YTO B Ipolecce
HOJrOTOBKY PELMIIMEHTOB HE BCE KUBOTHBIE IIOJIOXKUTEJILHO OTPEarnpoBalll Ha TOPMOHAJIBHYIO CTUMY-
JALHI0 OBYISIMH. TpaHCIUIAaHTaIMs SMOPHOHOB TTOKa3aja, YTo MPKWINCh SMOpHOHHBL y 35,1% Tenok-
PELUNUEHTOB. DKOHOMHYIECKHE PacueThl MOKa3ajH, YTO JJsL OBICTPOTo (GOPMHUPOBAHUS BEICOKOIPOAYK-
TUBHOTO CTaJla B XO3SIHCTBE 11e1€CO000pa3HO UCIOIb30BaTh B KAYECTBE PELIUNTUEHTOB TEJIOK aipIIMpCKoit
TIOPOJIBI, CIOCOOHBIX BBIPACTHTH YMOPUOHBI U POIUTH 3OPOBBIX TEIIAT.

KuroueBble ciioBa: TEJIKa, pCHUITUCHT, TOPMOHBI, CTUMYJIALA, 3M6pI/IOH, TpaHCIUIaHTalusA, IPUXKH-
BacMOCTb, TCIICHOK

BUBJINOMPADUYECKUIA CTUCOK

[11 Humbona K., Kyauxosa H.U., Mexonowun M.B. OTO0p U CynepoBYJISIUSI KOPOB JOHOPOB
U PELMIMCHTOB TP TPAHCIUIAHTALMH SMOPHOHOB // VIHHOBAIIMU B TIOBBIIICHUH PO YKTUBHO-
CTH CEJNBbCKOXO03UCTBEHHBIX )KUBOTHBIX. 2017. C. 129—135.

[2] Humbona K., Kymurxosa H.H. TlnanupoBanue u3ydeHuss GOPMHUPOBAHKS CEIICKIIMOHHOW TPYIIIIbI
KOPOB B IUICMEHHOM XO3SICTBE MPH UCIOJIb30BAHUH TPAHCIUIAHTAIMU 3MOpHOHOB // HayuHoe
obecrieueHre arporpoMBIILICHHOTO KoMIutekca. 2017. C. 252—253.

[3]1 Roper D.A., Schrick F.N., Edwards J.L., Hopkins F.M., Prado T.M., Wilkerson J.B., Saxton A.M.,
Young C.D., Smith W.B. Factors in cattle affecting embryo transfer pregnancies in recipient
animals // Animal reproduction science. 2018. T. 199. C. 79—383.

[4] Llepbax O.B., 3w3ion A.b., Kosmyn C.H. KpruokoHcepBalusi SMOPHOHOB KaK METOJT COXPaHEHHUS
reHooH/1a 6ENOroI0BON YKPAUHCKOM MOPO/IbI KPYITHOTO POraToro ckora // MoaouHoe 1 MsCHOE
ckoToBOACTBO. 2017. Ne 2. C. 21—23.

[5] Lim HJ., Yoon HB., Im S.K. Relationship between growth pattern, age at first calving and next
reproduction in Holstein heifers // Journal of Embryo Transfer. 2015. T. 30. Ne 4. C. 265—270.

[6] Bo G.A., Baruselli P.S., Moreno D., Cutaia L., Caccia M., Tribulo R., Tribulo H., Mapletoft R.J.
The control of follicular wave development for self-appointed embryo transfer programs
in cattle // Theriogenology. 2002. T. 57. Ne 1. C. 53—72.

[7] Colazo M.G., Gordon M.B., Rajamahendran R., Mapletoft R.J., Ambrose D.J. Pregnancy rates
to timed artificial insemination in dairy cows treated with gonadotropin-releasing hormone or
porcine luteinizing hormone // Theriogenology. 2009. T. 72. Ne 2. C. 262—270.

[8] Nabenishi H., Sugino F., Konaka R., Yamazaki A. Conception rate of Holstein and Japanese
Black cattle following embryo transfer in southwestern Japan / Animal Science Journal. 2018.
T. 89. Ne. 8. C. 1073—1078.

72 BETEPUHAPUA



RUDN Journal of Agronomy and Animal Industries 2019 Vol. 14 No.1 73—80
Becthuk PYAH. Cepua: ATPOHOMUS U XXMBOTHOBOACTBO http://journals.rudn.ru/agronomy

YOK 636.7:611/612
DOI: 10.22363/2312-797X-2019-14-1-73-80

AHAJIN3 KOXXHbIX Y30OPOB
HOCOBOIO 3EPKAJIbLIA HEMELIKO OB4YAPKU
B CPABHUTEJIbHOM ACINEKTE

C.E. Cnorkaii, JL.IO. JIsixuna

'KbIprel3ckuil HAMOHAILHBIM arpapHblii yausepcureT uM. K.M. Ckpsbuna
Buwixex, Kvipevisckaa Pecnyonuxa, 720005

svetavet@mail.ru

Annotanus. ITomyIapHOCTD MOPOBI HEMEIKAs OBYApKa U €€ MPUMEHEHHE BO MHOTHX 00J1acTIX
JKH3HU YeJIOBEKa CO3/1aeT HEOOXOMUMOCTh MOMCKA HOBBIX METOZIOB HACHTH()UKAIINK YTl YCTAHOBICHHS
coOCcTBeHHOCTH. VIMeromuecss METOBI MAEHTH(HUKAIINY, TAKAE KaK YHITHPOBAHIE U KICHMIIEHHE, HMEIOT
PSI HEMOCTATKOB. MeTOI MAEHTH(HKAIINK COO0aK MO OTTHCKY HOCOBOTO 3€PKabIla CPABHUTEIBHO JIEIIEB
U focToBepeH. [TanuiisipHbIe Y30Pbl, OTOOPAKAIOIINECS HA OTTHCKAX HOCOBOTO 3¢pKAabI[a OTHOCHTEIBHO
MTOCTOSIHHBI, IMEIOT OOIIME ¥ YaCTHBIE TIPU3HAKK OTIMYIHH, KOTOPBIE TO3BOJISIOT OTIIMYUTE OTTHCK OHOM
cobaxu ot apyroit. Co6aku OHOM MOPOIbI MIMEIOT YCTAHOBJICHHBIN CTAHAAPTOM JKCTEPhEP, TO €CTh CXO-
JKECTh TI0 BHEITHUM TPU3HAKAM, YTO JIAeT OCHOBAHHE MPEATIONOKHITh HATHINAE CXOICTBA OOIINX U YaCTHBIX
MPHU3HAKOB BHYTPH OJHOM MOPOIBI. Y CTaHOBJIEHO, YTO OTTHCKH HOCOBOTO 3epKajblia COOaK TOPOJIbI
HEMeIIKasi OBYapKa, MOMYYCHHbIE Y TIPEACTABUTENECH MTOPOIbI, UMEIOIINX Pa3HOE MPOUCXOKICHUE, YCIOBHUS
COZIEpXKaHUsI ¥ KOPMIJICHHE, UIMEIOT O0LIMe MPU3HAKK MAMUIIPHBIX Y30POB, XapaKTepPHbIC s TaHHOU
mopobl. IIpencraBieHHbIE Pe3yIbTaThl CPABHEHUS KOKHBIX Y30pPOB HOCOBOTO 3¢pKaJIbIla, MOKAa3hIBAIOT,
YTO YISl TAHHOMU MOPOIbI XapaKTEPHBI MpsMasi, IpsMas KPYTJIOKOHEUHAst U KIMHOBHUIHAS (GOPMBI THHUH
CHMMETPHHU HOCa, Y OOJNBIIIMHCTBA MPEICTaBUTENeH MOPOIBI OTTHCKH CHJILHO MCTICHIPEHbI IMHUSAMH H, KaK
MIPABHIIO, UMEIOT 2 BETBH JIMHHN CHMMETPHUH, YTO JOKA3BIBAET HATMYIHE TIOPOTHBIX OCOOCHHOCTEH U 1aeT
BO3MO)KHOCTh HCIIOJIb30BaHHsI OTTUCKOB B KPUMHHAIMCTHYECKON U CyIeOHO-BETCpPUHAPHOH HaAeHTH(H-
Kaluu coodax.

KiroueBble cioBa: 6uomMeTpudeckas uaeHTUUKanus codak, OTTUCKH HOCOBOTO 3€pKaiblia,
ManWUISIPHEIE Y30pBI, popMa JIMHUN CHMMETPHH HOCa, HEMEIIKasl OBUYapKa

BBEAOEHMUE

B Hacrosiiee Bpemsi co0aku, ¢ MPaBOBOM TOYKH 3PEHUS, SIBISIFOTCS HMYIIICCTBOM
TpakAaH, YIpEeKIESHUI U OPraHU3alHid, YTO MPUBOJAUT K HEOOXOAMMOCTH MX HICHTU(H-
kaipu. Krefimenre u 3JeKTpOHHOE YHITMPOBAHKUE, METOIbI MACHTHU(HUKAIINY, CTaBIINE
«KJIACCUYECKHMI», K COXKAJICHUIO, HE MOTYT 00ECIICUYNTh JIOCTOBEPHOE OTOXKICCTBIICHHE
KOHKPETHOTO KMBOTHOT0. [ToMHMO npouero, 3T METO/Ibl UMEIOT Psifl HEJJOCTATKOB, CBSI-
3aHHBIX C OOJIE3HEHHOCTHIO MPOIIETYPhI, BO3SMOKHOCTBIO TIPOSIBIICHHSI TIOOOYHBIX SIBJIE-
HUI B BHJIE QJUICPTUYECKUX peakiuid, abcrieccoB. C TeYCHNEM BPEMEHH MHOTHE TaTyH-
POBKHY CTaHOBSITCSI HEUUTAEMBIMH, UMCIOTCS IAaHHBIC O MUTPAIIUU MUKPOUYHUIIOB U UX
HEHUCHIPaBHOCTU. BMecTe ¢ TeM UMEITCsl JaHHBIE O TOM, YTO BHEIPEHHE MUKpPOUYHUIIA
MOXET CTaTh MPUIMHOW BOSHUKHOBEHHS OHKOJIOTHUECKHX 3a00seBanwii [1—3]. B cBsa3u
C 3TUM BO3HHMKAET HEOOXOUMOCTh B AJIETEPHATHBHOM METOJIc OMOMETPHUUCCKON HICH-
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TU(UKAILIUH, KOTOPBIHM OyaeT 6e3001e3HEHHBIM 1 O€3BpEIHBIM JUIsl )KUBOTHOT'O U JIelle-
BBIM JIJIS1 BJIQ/IENbLIa, KAKUM SIBIIIETCS. METOJ] MICHTU(DHKALUK cO0aK MO NaNIISIpHBIM
y30paM HOCOBOTO 3epKajblia. BO3MOKHOCTh MCIOIB30BAaHUS MANMIUIAPHBIX Y30pOB
B IIeJIsIX HAeHTH(UKaImu codak ormmcaHa B padorax «Anatomy of the dog» mpodeccopa
Klaus Dieter Budras u coasr. [4], «Introduction to veterinary Anatomy and Physiology»
Victoria Aspinall u Melanie Cappello [5], «Anatomust cobaku u komkn» bepuna ®omnb-
Mepxayca u Moseda Ppeseitna [6].

Tawke E.C. XnamoBa B cratbe «IIpumenenne penernueckoro aHaamsa Npu3HaKoB
B KHHOJIOTHM» [7] IPUBOAMT OMUCAHKE IEPMATOTIU(OB HOCOBOTO 3€pKasblia cOOaK
C TOUKH 3peHMs1 (PEHETHKHU U AENAeT 3aKII0YEeHHE O TOM, YTO METO]] [I03BOJIAET UJICHTHU-
¢uipoBaTh cOOAK O OTTUCKY HOCOBOT'O 3€pKaJIbIIA.

Wnentudukanus codak 1mo y30py HOCOBOTO 3epKaliblia, KaK U Jiro0ast Ipyrast Kpu-
MHHAJIMCTHYECKast ASHTU(PUKALINS, TPOBOIUTCS 110 KOMIUIEKCY OOIIMX M YaCTHBIX MPHU-
3HAKOB OTJIMYMH, IPUCYIUX KaKIOMY OTAEIbHOMY 00beKTy uaeHTHpukanuu. Iloaxons
K WIeHTU(UKAINU cOOAK ¢ TOUYKH 3PEHUS] HHAYKTHBHOTO METO/1a, ObIJIO C/IeNaHo Mpe-
TOJIOKEHUE O TOM, YTO CPEe/I OTTUCKOB HOCOBOI'O 3epKajbla COOaK OJIHON MOpO/ibl OyaeT
HaOJFOIATHCsI KOMITIEKC MPU3HAKOB, XapaKTePHBI UMEHHO JUTs JaHHOH mopoabl. Panee
OBLIM M3YYCHBI 0OCOOCHHOCTH KOKHBIX Y30pOB COOAK MOPO/IbI 1abpamop perpusep [8].

Ilesab1o HacTOSAIIErO MCCIEI0BAHUS OBLIO M3YyUYUTh OCOOEHHOCTH MANMUISIPHBIX
Y30pOB HOCOBOTO 3€pKaJibIa cOOaK MOPO/IbI HEMELKAasi OBYapKa M BBIACIUTH KOMILIEKC
IIPU3HAKOB, IPUCYLINH JaHHOH! MOPOJE.

Br16op nopoas! uist uccnenoBanuil He ciaydaeH. OiHa U3 caMbIX JIFOOUMBIX IOPOJL
co0ak He TOJBKO B HAIEH CTpaHe, HO U BO BCEM MUPE — JTO HEMEIIKas OBUYApKa.
HecMoTpsl Ha OCTOSHHO MEHSIOLIYIOCS. MO/l Ha JIOMAIIHUX JTIOOMMIIEB, COOAKU ITOM
HOPOJIbl OCTAIOTCSl BHE KOHKYPEHIIHH.

Hewmerkas oBuapka — yHuBepcanbHas iopoza. [1omyispHOCTb ee Ha CeroIHsIIHUMA
JieHb He ciydaiiHa. Cekper 3aKirouaercs B e paboToCOCOOHOCTH, IICUXMYECKUX CBOI-
CTBaX, OCOOCHHOCTSIX XapaKTepa, BHEIIHEH KpacoTe U MeXaHUKe JBIKeHus [9]. Y Hux
CIIOKOMHBII HpaB, OHH JIETKO YCBaWBAIOT HOBBIE HABBIKHM, TOTOBBI 3aIIMIIATH X03IWHA
U JIpyTHX WICHOB CEMbH, HE MPOSIBIISIOT 0CO00i arpecCMBHOCTH B OTHOILIEHHH HE3HAKO-
MBIX Jtofiel 1 Apyrux cobax [10], 9To ¢ ycrexoM Mo3BOJISIET UCIIONB30BaTh UX B Pa3HBIX
HAIpPAaBJICHUSX: VISl CIY>KObl B KWHOJIOTHUECKHUX MOJPA3ACICHUSIX CHIIOBBIX CTPYKTYP,
JUIsl IOUCKOBO-CIIacaTeIbHbIX PadOT, B CHOPTE U KaK JIOMALTHUX JTFOOUMIIEB.

Marepuaibl 4 MeTOABI Hcciea0BaHusA. MaTepuanoM HCCIeT0BaHus s UJICH-
TU(QUKAIIIY 110 Y30py HOCOBOTO 3€pKajblla MOCITYXHJIN OTTUCKH HOCOBBIX 3epKajiel]
30 cobax mOpoabI KHEMEIIKAsE OBUAPKAY.

B uccnenoBannu npuHsum yyactue 12 kobeneii u 18 cyk B Bo3pacte OT 4 MecsIIeB
1o 10 siet, pa3HOro MPOUCXOXKAEHUS, C PA3IMYHBIM PAIL[MIOHOM KOPMJICHHS U COZep-
KAHHEM.

C6op marepuana MpOBOIMICS B IUTOMHHUKAX, OOIIECTBEHHBIX OpraHM3aIMsX, OJa-
TOTBOPHUTENBHBIX (POHJAX M Y YACTHBIX BJIAJIEIIbIIEB HA BHICTABKAX COOAK.

OTTHCKH TONy4YalTH ¢ TIPEABAPHUTEIHEHO BBICYIIIEHHOTO, OYMIIIEHHOTO M OKPAIIEHHOTO
HOCOBOTO 3epKajiblia Ha OnaHK opmarta AS ¢ yKkazaHHEM KJIMYKH, T10J1a, BO3pAcTa, Mo-
pOAbI, OKpaca COOAKM M JaHHBIX O BJIAJIEINIbIIE, IO JKETaHHIO BiaJesiel] oTydal BTOpOoi
9K3EMIUTAP TAaKOH UACHTUPHUKAIIMOHHON KapThl B OyMa)KHOM WJIH DJIEKTPOHHOM BHJIE.
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Pe3yabTaThl u 06cyxkaeHue. M3yunB nanwuisipHble Y30pbl, BCTPEUAIOLIUECS
y cobak pa3HbIX 1Mopoj, Obuta chopmupoBana Tabnuia (puc. 1), B KOTOpOH cxemaTu-
YeCKH IIPeICTaBIIECHbI 00IIMe IPU3HAKY HICHTU(UKALIH.

¢0pma OMMUCKA HOC06020 3epKaibua
Forms of nose's pattern

X

BBITSIHY THIH 110 TOPU30HTAJIH OBAJT OBAJI C TYIIBIM yIJIOM B HIDKHEW 4acTh
horizontally elongated oval oval with obtuse angle at the bottom

d)opma JIUHUU CUMMempUun Hoca
Form of nose's symmetry line

X X X N

npsaMast BEPETEHOOOpas3Has KIMHOBHIHAS TIPAMAst KPyTJIOKOHEUHAS
straight fusiform wedge-shaped  straight'round-end
KPYIJIOKOHEUHBIN KJIMH ~ CJIOXKHAs npepBaHHas  IEPEBEPHYTHIM KIMH
round-end wedge  complex form disturbed V-type form

Hanuuue éemeeil nunuu cummempuu
Presence of symmetry line branches

rF T T I

oZlHa JIBE TpHU HET BETBEH
one two three no branches

chempetmocmb JIUHUAMU
Availability of lines

X I T

HEHUCIICHIPEH crabo UCTIeIpPeH CHJIBHO HCTICIIPEH
no lines slightly lines (<3) strongly liny
3anonnennocmo y3opom

Pattern density

1

3» & ‘ ?%
b
TUIOTHAS phIxJTas
closely-grouped disperse

Puc. 1. CeBogHas Tabnmua-cxema 00LLMX NPU3HAKOB NanuIsSPHbIX y30POB
HOCOBOrO 3epkanbLa cobaku /
Fig. 1. Summary table-diagram of common features
of papillary patterns of the rhinarium of a dog

VETERINARY SCIENCE 75



Cnotxkaii C.E., JIexvna JLYO. Becmuux PV/{H. Cepus: ALPOHOMUA U KUBOTHOBO/CTBO. 2019. T. 14. Ne 1. C. 73—S80

B pe3ynbTare mpoBeIeHHBIX UCCIEIOBAHUN OTTUCKOB COOAK MOPOIbI «HEMEIIKast
OBYapKa» ObUIO OTMEYEHO, YTO pa3Mep MCCIEIOBAHHBIX OTTUCKOB BaAPbUPOBAII OT 36 MM
10 48 mm. [1o hopme OTTHCKH HOCOBOTO 3€pKaliblia BBIIENISIOTCS B 2 THIIA: BHITAHYTHIN
10 TOPU30HTAJIM OBAJ U OBaJl, (POPMUPYIOLIUIA B HIXKHEHN yacTu Tynoi yron. Ha uccie-
JIOBaHHBIX OTTHUCKaX 00a THIA BCTPEUYAIOTCS C pPABHON YaCTOTOH.

CarutranbHast 60po3/a, pacrosoKeHHas B OOJIBIIMHCTBE CIIy4aeB 10 LIEHTPY HOca,
Ha OTTHCKE 00pa3yeT JUHHUI0 CUMMETpUH Hoca. OHa MOXKET ObITh XOPOLIO U cj1abo
BeIpakeHa. JIMHUS cuMMeTpHun Hoca co0ak o BHEUTHEMY BUJTy pas3zeisieTcs Ha CIey-
IOLIME TIOATUIIBL: MpsIMasi, BEpeTeHOOOpa3Hasi, KIIMHOBU/IHASL, IpsiMasi KPYIJIOKOHEYHas,
KPYIJIOKOHEUHBIN KJIMH, CJI0KHOU (hOPMBI, ITpsMasi IIpepBaHHas ¥ IEPEBEPHYThIN KINH
(cm. puc. 1).

B xoze cpaBHHUTENFHOTO aHANINM3a OTTHCKOB HOCOBOTO 3epKajblia cOOAK MOPOIBI
«HEMeIlKasi OBYAapKa» BBISICHEHO, YTO JIMHHUSI CUMMETPUHU HOCA XOPOIIO BbIpa)kKeHa
y 28 cobak (93,3% OT uccieg0BaHHOTO MOTOIOBBS), GOpMa JTUHHUA CUMMETPUH HOCA
Mpe/ICTaBIIeHA MATHIO MOATUIIAMU: MIPSMasi, BEpEeTEHOOOpa3Hast, KITIMHOBHIHAS, TTPSIMast
KPYIJIOKOHEYHAsl U KPYTJIOKOHEUHBIH KIIUH.

OCHOBHBIMH TIOATUTIAMH SIBIISTFOTCS TIpsiMast (26,7%), kmunoBuaHas (30%) u nps-
Mas kpyrinokoneyHas (30%) ¢hopmbl JIMHUM CUMMETPHH HOCA, KPYTIIOKOHEYHBIN KINH
BbIsIBIIEH Y 3 cobak (10%), BeperenooOpa3Has ¢opma ormeuena y 1 cobaku (3,3%)
(puc. 2). CnoxHasi, IpepBaHHask JUHUA CUMMETPUU HOCA, a TAKXKE NIePEeBEPHYTHIM KIMH
Y YYacTBOBABIIMX B HCCIIECAOBAHMH COOAK MOPObI HEMEIKasi OBYapKa HE BCTPEUAIUCH.

npsmMast BepeTeHooOpa3Has KJIHHOBHIHAS npsMast KPYIJIOKOHEYHBIH
KPYIJIOKOHEYHAsI KIIMH
straight fusiform wedge-shaped straight round-end round-end wedge

Puc. 2. ®opmbl IMHUN CUMMETPUN HOCA HEMELIKOV OBYAPKM /
Fig. 2. German Shepherd nose’s symmetry line forms

B HmKHEH 4acTH OTTHCKA OT JTMHUM CUMMETPHUHU y pa3HbIX 0COOEH MOTYT BU3ya-
nu3upoBathbes 1, 2, 3 BETBH, HO TakyK€ OHM MOTYT U OTCYTCTBOBaTh BoBce (puc. 1).

VY 15 cobak (50%) Ha OTTHCKE BU3YAJM3UPYIOTCS 2 JIMHUM CUMMETpHH, Y 12 cobak
(40%) nmHUM CUMMETPHH OTCYTCTBYIOT Uy 3 cobak (10%) BcTpeuaercst | BeTBb TMHUH
cUMMeTpuH Hoca (puc. 3).

Bb110 06HapysxeHO, YTO rPeOHM KOKH MOTYT 0Opa30BbIBATH Pa3In4YHON KOH(DUTY-
panuy TpymIbl, OTACICHHBIE OT OCTAIBHOTO MaccuBa Ooliee TITyOOKUMH OOpO3aaMH,
KOTOpBIE CO3/Ial0T HAa OTTUCKaX OoJiee TOHKHE, HO HE MEHEE BhIPaKEHHBIE IMHUU, YEM
JIMHUS CUMMETPUH U €€ BETBU. DTO MO3BOJIMIIO Pa3/ieNIUTh OTTUCKHM Ha HEUCTICIPEHHBIC
JMHUAMY, €1a00 UCHeNpeHHbIe (0 TpeX JMHUI) U CUIBHO HclelpeHHsle (Oonee 3
nuHui) (cM. puc. 1).
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JABE BETBU JIMHUHU CUMMETPUU O/1Ha BE€TBb JIMHUN CUMMETPHUU HET BETBEH

two symmetry lines branches one symmetry line branch no branches

Puc. 3. Hannune BeTBel NMHMM cCUMMETPUN /
Fig. 3. Presence of symmetry line branches

JU1st vccnenoBaHHbIX co0aK MOPO/bl HEMELKasi OBYapKa YCTaHOBIICHO, YTO CHJIbHAs
UCTICIIPEHHOCTh Habmomaercs y 15 ocobeii (50% ot obmero uncia), cnabast UCTenpeH-
HOCTb — Yy 6 ocobeit (20%), HeucnempeHsl oTTUCKU Y 9 ocobeit (30%). [Ipu sTom
MHTEHCUBHOCTbH MCIELIPEHHOCTH HE 3aBUCHUT OT I0JIa U BO3pacTa U UMEET CTPOro
WHJMBHIYyalbHbBIN XapaKTep.

Taxoke OTTUCKH HOCOBOT'O 3€pKaJIblia MO 3aII0JIHEHHOCTH Y30POM MOXKHO Pa3JeUTh
Ha IJIOTHBIE U pbIxible (puc. 1). Ha muioTHOCTB y30pa B OTTUCKE BIUSIOT KOJIMUYECTBO,
BBICOTA U IUIOUIA]h TPeOHEH Ha TOBEPXHOCTH HOcA. KOMMUeCTBEHHO TIOTHOCTD y30pa
BBIp)XaeTcsi B MHAEKce rpeOHeBoro cuera. CorlacHO paHee IPOBEAECHHBIM CPaBHUTEIb-
HBIM HCCIICZIOBAHUSM, B OTJIMYHE OT JPYTUX MOPOJI, CPEIAH 0COOEH MOpPO Ikl HEMEIIKAst
OBUapKa BCTPEUarOTCs MPEJCTABUTEINN KaK C HU3KOM, TaK U C BBICOKOM MIOTHOCTHIO [11],
npeobyagaromuM ABisieTcs WIoTHBIA noaTun (96,7%). BapuaTuBHOCTE MOKa3aTeneit
MHJIeKca TPeOHEBOro cyeTa MPOaHAIN3UPOBAHHBIX OTTUCKOB cOCTaBisieT oT 29 1o 61.

3akawyenne. O6001ast MOTYyUYEHHBIA B Pe3yIbTaTe HAyUYHBIX MCCIIEIOBAHUI
U TIPaKTHUECKON pabOThl MaTepuas, MOXKHO CAENATh 3aKII0OYEHHE, YTO JJIsl UCCIIeJOBaH-
HBIX OTTHCKOB OTTHUCKHM HOCa COOaK MOPOJIbl HEMEIIKask OBYapKa XapaKTepHa XOpoIas
BBIP)XEHHOCTD JINHUM CUMMETPUH HOCa, MpeodajafoliMi (hopMaMH JINHUU CUMMET-
pHM HOCa SIBJISIFOTCS KJIMHOBHIHAS, TIpsSMasi KPyTJoKOHeuHast, npsimasi. OOHapykeHo,
YTO JOMUHHUPYIOT CHJIBHO MCTICHIPEHHBIE JIMHUSAMHA OTTUCKHA U OTTUCKU C IByMS JINHH-
SMU CUMMETPHH HOCA.

Taxkum 00pazoM, MOXKHO CJIeNIaTh BBIBOJI, YTO UCCIIEIOBAaHHbIE OTTUCKH 00JIa1at0T
BHYTPHITOPOIHBIM KOMIUIEKCOM OOIIMX MPU3HAKOB MAMMLULIPHBIX Y30poB. [lomyueHHbIe
JTaHHbIE U MTPOBEJCHHBIN UX aHAJIN3 TAK)KE CBUJIETENILCTBYIOT O TOM, YTO HUCIOJIB30-
BaHUE OTTHCKOB HOCOBOTO 3€pKaJiblla B Ka4eCTBE OOBEKTOB MCCIICJIOBAHUS CMOXKET
3HAYUTEJIbHO PACHIMPUTh BO3ZMOXHOCTH OMOMETpUYECKON MAEHTU(UKAIUU coOaK
B MUPOBOM MPAKTHKE.

HNudopmanus o koHdaukTe nHTepecon. KoH(pmkTa HHTEPECOB B MaTepualax, H3JI0KECHHBIX B
CTaTbe, HE UMEETCSI.

Nudopmanus o punancupoBannu. PuHaHCUPOBAHUE NIPOEKTA IPOBOJUIOCH 34 CUET CPEACTB
aBTOPOB.
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BaaromapnocTu. ABTOpCKHI KOJJIEKTHB BbIpakaeT onarogapHocts Onery CepreeBudy CrenaHoBy,
CTYyZIEHTYy BETEPHHAPHOTO OTIAEIECHUSI ATpOTEXHHMYECKOTO KOJUIeaAxka KbIprel3ckoro HallMOHAIBHOTO
yauBepcureta uM. K.M. CkpsaoduHa.

Yuactue aBTopoB: Crotkaii C.E. — cbop, 00paboTKka 1 aHAIN3 MaTepHajOB ISl HCCICIOBAHUS,
MOJITOTOBKA WJLTIOCTpaTuBHOTO Marepuania; JIbixuna JIL.EO. — xoHuenims u au3aifH ucciaeI0BaHus;
CrenanoB O.C. — TexHHUYECKas IOMOIIIb B Ipoliecce cOopa MaTeprala Jyisi HCCIIEA0BaHHUH.

© C.E. Cnorkaii, JL.FO. JIsixuna, 2019.
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IN COMPARATIVE ASPECT
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Abstract. The popularity of the German Shepherd breed and its use in many areas of human life
creates the need to search for new identification methods to establish ownership. The identification methods
available, such as chipping and marking, have several disadvantages. The method of dogs’ identification
by rhinarium’s imprint is comparatively cheap and reliable. Papillary patterns reflected on rhinarium’s
imprint are relatively constant, and have common and particular signs of difference, which make it possible to
distinguish the impression of one dog from another. Dogs of the same breed have a standardized exterior,
that is, similarity in external characters, which suggests that there are similarities between common and
particular characteristics within the same breed. It is found that imprints of the rhinarium of German
shepherd breed dogs, obtained from dogs of different origin, housing and feeding conditions, have common
features of papillary patterns peculiar to the given breed. The presented results of the comparison of skin
patterns of the rhinarium show that this breed is characterized by a straight, straight round-pointed and
V-shaped forms of the nose symmetry line, the majority of the representatives of the breed have prints
heavily spotted with lines and, as a rule, have 2 branches of the line of symmetry, which proves
the presence of breed characteristics and allows for the use of prints in forensic and forensic veterinary
identification of dogs.

Key words: biometric identification of dogs, rhinarium’s imprints, papillary patterns, form of nose’s
symmetry line, German shepherd
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AHHOTanus. V3y4eH Xxapakrep U HHTEHCUBHOCTb BO3PACTHBIX U3MEHEHHH koadduirenta ne Puruca,
WK K03 duIMeHTa cooTHoLIeHUs hepMeHTa aclapTaTaMUHOTpaHchepasbl K aJaHHHaMUHOTpaHcdepase,
B TKaHSAX JMBEPTHKYJIA, KApIUATIbHON, QyHIATBHOW U MUIOPHYCCKON YacTeH JKely/IKa Y YHCTOMOPOTHBIX
Pa3HOBO3PACTHBIX MOPOCAT, BHIPAIIEHHBIX B YCIOBUSX PA3HBIX XO3SIHCTB. AKTHBHOCT (DepMEHTOB OIpesie-
JieHa CIIeKTPo(OTOMETPUUECKUM METO0M B HayuHoH abopartopun PI'BOY BO Uysamickas I'CXA.
BeIsBNIEHO, UTO NPH YETHIPEXHEASTEHOM OTheMe TOPOCAT (B YCIIOBUSX BBIPAIIMBAHUS B CBHHOKOMILIEKCE)
XapaKTep U UHTEHCUBHOCTh BO3PACTHBIX M3MEHEHUH H3y4aeMoro IMoKasaTelisi HIMEIOT CBOU OCOOEHHOCTH.
BMmecte ¢ TeM BenMunHA KO3 QUIMEHTa CTAHOBUTCS Oojiee CTaOUIBHON y MOPOCAT 00EUX XO3AHCTB,
HaXO/SIINXCs B Ie(UHATHBHOM, TN pacTHTENbHOH (hase muTanus. Hambonee MHTEHCHBHBIE BO3PACTHBIE
n3MeHenus kodddunuenta ne Putica y 4uCTONOPOIHBIX MOPOCAT, BhIpalieHHbIX B yeinopusx YHIIL «Cry-
JICHYECKUID», ONIPEAENIOTCA B TKaHIX AUBEPTUKYJIA B IEPBOH (paze MOIOYHO-Ae(HUHUTUBHOIO MUTAHUS
(cHmkaercs Ha 33,8%). B TKaHIX KapIuanbHOW 4acTH — BO BTOPOH (haze MONOYHOTO NMUTaHUS (BO3pac-
taeT Ha 31,2%). B Tkansax GpyHmansHON yacTH skenyaka koddumueHt ge Putnca 6oree BEIpakeHO n3Me-
HSETCsl B MOJIO3UBHO-MOJIOUHO# (hase (Bo3pacraeT 2,3 pasza). B TKaHAX MUIOPHYECKON YacTH — B MOJIO-
3UBHO-MOJIOUHOM (pase mutanus (Bo3pactaer B 2,1 pasza). HanbOosee MHTEHCHBHBIC BO3PACTHBIC H3MEHCHHS
koddduuenta ne Putruca y 4MCTOMOPOIHBIX ITOPOCAT, BEIPAIICHHBIX B YCIOBHUSIX CBUHOKOMILIEKCA,
BBIBIISIOTCS B TKAHAX AUBEPTUKYJIA B IepBOH NeUHUTUBHON (as3e nuTanus (Bo3pacraer B 1,7 pasza).
B TkaHsAX KapaHadbHOW YacTH KelylIKa — B MepBOi JeUHUTHBHON (a3e nmuTaHus (yBeINIUBACTCS
B 3,4 paza). B TkaHsaX QyHIATHHOM YaCcTH XKETyKa y TIOPOCST BelMYHHA KO3 duipeHTa 60jice HHTEHCHBHO
U3MEHSETCs] JIUIIb B MOJIO3UBHO-MOJIOUHOM (haze muTaHus (cHrkaeTcs Ha 51,4%). B TkaHsIx munopuyueckoi
4acTu jxenyaKa koddduuueHt ae Puruca ¢ BBICOKOH HHTEHCHUBHOCTBIO U3MEHSIETCSI BO BTOPOH U TpeTheil
(hazax MosI04HOTO MUTaHuUs (Bo3pactaeT B 3,0 pasa).

KawueBble cioBa: xoddduient ae Putnca, acmapraramMmuHoTpaHcdepasa, aTaHHHAMHHOTPAHC-
(hepasza, )eIya0K, mopocsTa

BBEAOEHMUE

CootHomenne yposHeli ¢pepmenTtoB ACAT (acnmapraramunoTpancdepasbl) u AnAT
(amannHamMuHOTpaHc(epasbl) MPUHATO Ha3bIBaTh Kod(duimentom ae Puruca. OH sBns-
ercst Hanbosee NHPOPMATHBHBIM MOKa3aTeIeM 3/J0pOBbsl )KMBOTHBIX U 4eloBeka. Bemu-
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YHHA 3TOTO MOKA3aTeNsi CBUAETENILCTBYET O IIEIOCTHOCTH KIJIETOK TKaHEH BHCIEpAIbHBIX
opra"oB. B HayuHo# nuTeparype paboT 1o 0JHOBPEMEHHOMY H3YyYECHHIO BO3PACTHBIX
n3MeHeHnid akTuBHOCTH ACAT u AAT B TKaHSIX BHYTPEHHUX OpraHoB Hemaso [1—S5].
BwMmecTte ¢ Tem cBeneHus no onpenenenuto kodgdummenta ne Putuca B TkaHsIX BHCIIE-
pabHBIX OPTAaHOB Y CEIhCKOXO3SHCTBEHHBIX KMUBOTHBIX B IMOCTHATAIHHOM CHCTEMO-
rerese [6, 7] MaJOYHCIICHHBI.

MATEPUAJ1Ibl U METOADI

[IpoBoauu u3yyeHne BO3pacTHBIX U3MeHeHu koddduimienta ae Putnca B TkaHIX
JUBEPTHUKYJIA, KapIUaIbHOM, QyHIATBHOM 1 MMIOPUYECKON YacTel JKey/Ka y YUCTo-
HOPOJIHBIX Pa3HOBO3PACTHBIX MOPOCST KPYITHOM O€10i Mopo/ibl, BHIPAIIEHHBIX B yCIIO-
Busix cBuHOBoaueckoi ¢pepmbl YHIIL[ «Crynenueckuii» ®I'BOY BO «Yysamickas
rocyJJapcTBeHHas CEIbCKOXO3SIIICTBEHHAs akaaeMus» (CBUHOGEpMA), U y TOPOCHT,
BBIPAILICHHBIX B yclIoBUsAX cBUHOKoMILIekca OAO «Bypnapckuii MsacokoMObuHat» Byp-
Hapckoro paifona UyBaickoit Pecriy6iinky (CBUHOKOMILIEKC).

B ycnoBusix cBUHOGEPMBI ISl UCCIIEIOBAHHUI HCIIOIB30BAIN TIOPOCAT B BO3PACTE
1, 10, 21, 30, 60 u 120 cyTok. B paboTe UCTONb30BaINA XPSYKOB C CYTOYHOTO IO TPH/I-
[ATUCYTOYHBIN BO3pacT U OOPOBKOB, KACTPHUPOBAHHBIX B 33—35-CyTOYHOM BO3pacrTe.
OTtpeM nopocsT NPOBOIMWIIN B BO3pacTe 2 MecsleB. B cBuHOdepMe KOHIIEHTpaTHO-Kap-
TO(eNIbHBIN TUII KOPMJICHHUS.

B ycnoBuAX cBUHOKOMILIEKCA [T UCCIIET0BAHUI UCTIOIB30BANIN MTOPOCT B BO3-
pacte 1, 7, 14, 21, 28, 60 u 120 cyTok. B paboTe ucnoap30Bam XpSIKOB C CYyTOYHOTO
0 JIByXHE/IENbHBINH BO3pacT U OOPOBKOB, KACTPUPOBaHHBIX B 11—13-cyTouyHOM BO3-
pacte. OTbeM MOPOCST MPOBOIWIHN B YETBIPEXHEIETLHOM Bo3pacTe. B cBUHOKOMILIEKCEe
CyXOM KOHLEHTPATHBIN TUI KOPMIICHUSI.

DOBTaHa3MI0 MOPOCST U BCE MAHUITY LUK BBITOJIHSIIN C «IIPABUIAMU MIPOBEICHUS
paboT ¢ UCTIONB30BaHHEM IKCTIEPUMEHTABHBIX KUBOTHBIX» [8]. XKemynok n3Bnexanu
13 OpIOLIHON MOJIOCTH, OYUIIAIHA OT COJEPIKUMOr0, IPOMBIBAIN XOJIOAHBIM (PU3HOIIO-
TMYECKHUM PacTBOPOM, KHILIKY pa3JesIsuld Ha YacTH U MPoObI UX TKaHEN 3aMOpakKUBaJIU
B KHMJIKOM a30T€ JUIsl JAIbHEUIINX UCCIIEJOBAHUN.

B romorenarax Tkanei gactei sxenyjka onpenensiau aktuBHocTH ACAT u AnAT
konmometpupoBanueM (K®K-2) um omgHOBpeMeHHO CIHEKTpO(pOTOMETpUPOBAHHEM
(UV-1800) B nayunoii nabopatopun ®I'bOY BO «Yysamickas rocygapcTBeHHas
CEeJIbCKOXO3SIICTBEHHAs aKaJeMUs» C UCIOJIb30BaHUEM Habopa peareHTOB KOMIIAHUH
OAO «Bwuran [IeBenonmen Kopropaiitmay CI16. PacueT aktiBHOCTH (hepMEeHTa ITPOBEITH
10 KaTHOPOBOYHOMY TpaduKy.

PE3YJIbTATbI

[TpoBenennsie Hamu pacueTbl cooTHomeHus: ypoBHerd AcCAT u AnAT, unu ko-
s dunmenta ne Putrca, BeIssBIIM ciennpUUecKkue 0OCOOCHHOCTH BO3PACTHBIX M3MeE-
HEHUI 3TOTO TOKa3aTelsd B TKAHIX Pa3HbIX YacTel jKeNyIKa Y YUCTOMOPOTHBIX TTOPO-
CAT B paHHEM IOCTHATAJIbHOM CUCTEMOT€HE3€, BBIPAIICHHBIX B YCJIOBHUSIX Pa3HbIX
XO3SIUCTB.
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Bo3pacTtHbie uameHeHus koadpPpuumeHTta ge Putuca
B TKaHSAX XeJlyAKa y pa3HOBO3PaCTHbIX YACTOMOPOAHbIX MOPOCAT,
BbIPaLLLEHHbIX B YCJIOBUAX CBUHO(dEepMblI

JnBepTUKYJI. Y OTHOCYTOYHBIX ITOPOCST, HAXOAAIINXCS B MOJIO3UBHOH (ase, ypo-
BeHb Kod(punmenTa e Putnca B Tkansax nquBeptukyia (tadn. 1) cocrasmuser 1,49 % 0,09.
B TeueHne mocnemyonux IecATH CyTOK KHU3HU TIOPOCST, B (paze MOJIO3MBHO-MOJIOUHOTO
MUTaHUsA, NTOKA3aTeNb JI0CTOBEpHO yBennuuBaercs B 1,2 paza, p < 0,05, mo 1,85 = 0,011.
VY TpexHeneIbHBIX MTOPOCAT MEpBOH (ha3bl MOJIOYHOTO MUTaHus KoddduitueHT ne Putrca
B TKaHSX JUBEPTUKYJa mazaaet g0 1,29 £ 0,015, uro na 30,3% Huxke, p < 0,01, yem
y JECATUCYTOUYHBIX. ¥ MECSYHBIX IMOPOCST, HAXOAALINXCS BO BTOPOM (haze MOJIOYHOTO
MIATAHMS, OH COXPAHAETCS Ha yPOBHE TPEXHEIENbHbIX U cocTasiser 1,39 + 0,012.
K nByxmecsuyHoMy Bo3pacty, B ¢aze MOJIOYHO-TeHUHUTHBHOTO TMUTAHUS, OMPEACIIs-
eMbIii K03 PUIMEHT CHOBA JOCTOBEpHO cHIbKeTcs Ha 33,8% (p < 0,01) mo 0,92 £ 0,008.
VY deTbIpexMecsuHbIX MOPOCAT MepBor (as3bl AEPUHUTUBHOTO MUTAHUS H3ydaeMbIi
nokaszarens nosbimaercs 10 1,20 + 0,12, ogHako Takoe U3MEHEHHE HEIOCTOBEPHO,
p > 0,05.

Tabnnua 1/ Table 1
Bo3pacTHble nuameHeHus koapdpuumeHTa ae Putuca B TKaHax XXenyaka
Y Pa3HOBO3pPaCTHbIX YACTONOPOAHbIX NOPOCHT (cBMHOpepma) /

Age changes coefficient de rytis in the tissues of the stomach
of purebred different ages of pigs (pig farm)

YacTb opraHa Bospacrt, cytku
1 10 21 30 60 120
AveepTtukyn 1,49+0,009 | 1,85+0,011 | 1,29+0,015 | 1,39+0,012 | 0,92+0,008 | 1,20+0,011
KapanansHas 1,38+0,013 | 1,68+0,015 | 1,73+0,016 | 2,27+0,017 | 1,710,014 | 1,28+ 0,013
dyHpanbHas 1,43+0,012 | 3,23+0,027 | 2,63+0021 | 1,79+0,013 | 1,92+0,015 | 0,98 £ 0,008
Munopwnyeckasa | 1,31+0,016 | 2,73+0,023 | 1,06 0,012 | 1,83+0,015 | 2,42+0,023 | 2,57+ 0,029

KapaunanbHasi yacTb. Y HOBOPOXKICHHBIX OPOCAT B TKAHIX KapAHAILHON YacTh
xemyzaka (tabin. 1), B Mono3uBHOM (a3e nutanus, koddduiment ne Puruca naxomurcs
Ha ypoBHe 1,38 £ 0,013. ¥V necstu- u ABaALATHOJHOCYTOUHBIX, U Y MTOPOCST B MOJIO-
3MBHO-MOJIOYHOM Y TIEPBOM MOJIOUHOH (ha3axX MUTaHUs, YPOBEHb MOKA3aTeNsl BBIIIE, YeM
Y OJIHOCYTOUHBIX, COCTaBJIsieT cooTBeTcTBeHHO 1,68 + 0,015 1 1,73 + 0,013, ogHako 31
BO3paCTHBIC U3MEHEHUS HEJ0CTOBepHBI. K MecsyHOMY BO3pacTy mOpOCST, BO BTOPOi
(aze MOIOYHOTO MUTaHMs, N3ydaeMblil Koaddurment nocrosepHo (p < 0,05) Bo3pacraer
Ha 31,2%, no 2,27 + 0,017. B nocnenytomieM, y IByXMECSUHBIX MOPOCAT, HAXOSAIIMUXCS
B MOJIOYHO-/Ie(PMHUTHUBHOM (Da3e MUTaHUs, OH TOCTOBEpHO cHIbKaeTes 1o 1,71 + 0,014,
Ha 24,7%, p < 0,05 1 npUMEpHO Ha TAKOM K€ YPOBHE COXPAHSETCS U y HMOPOCHT,
HaXOJAIIUXCS B MEPBOM JePUHUTUBHON (ha3e MUTAHUS, WIH Y YETHIPEXMECTIHBIX —
1,28 £ 0,013.

®yHpanbHas yacThb. [lopocsTa poXIaroTCsi ¢ OTHOCUTENBHO HU3KMM KO3 PUIU-
eHToM Jie Putunca B 5T0if yactu xxenyaka (tadn. 1) — 1,43 £ 0,012. 3a nocnenyromrue
JECATh CYTOK JKH3HH Y MOPOCSAT MOJIO3UBHO-MOJIOYHOU (pa3bl ypOBEHb KOA(PPHUIIUECHTA
pe3ko Bo3pactaeT B 2,3 paza, p < 0,001, mo 3,23 = 0,027. B ganbHelieM oH CHUKaeTCs
1o 2,63 £ 0,21, Ha 12,6%, HO Takoe BO3pacTHOE U3MEHEHHE HeA0CTOBEpHO, p > (,05.
VY MeCSUHBIX, Y TIOPOCST BTOPOH (ha3bl MOJIOYHOTO MUTAHUS, H3y4aeMblil IIOKa3aTelb
JIOCTOBEPHO HIXKE, YEM Y TPEXHENENbHBIX, Ha 32,0%, p < 0,01, u HaxonuTCs Ha YpOBHE
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1,79 £ 0,013. Ha ypoBHE OJHOMECSYHBIX OH COXPAHSTCS U Y IByXMECIIHbIX — 1,92 +
1+ 0,015. K geTpIpexmMecsYHOMY BO3pacTy MOpOCAT, B (ha3e mepBoro JepUHUTHBHOTO
MUTaHUs, U3y4aeMbli oKa3aresnb pe3ko naaaer Ha 49,0%, p < 0,001, xo 0,98 £ 0,008.

IInnopuyeckast 4acTh. Y OJHOCYTOUHBIX IMOPOCAT B TKAHSAX IMUIOPUYECKON YacTu
xemyzaka (tabi. 1), B Moio3uBHOH (paze nurtanus, kodddurment ae Puruca cocrapmusier
1,31 £ 0,011. ¥V mecatucyTo4YHBIX OPOCAT, HAXOAIIMXCS B MOJIO3UBHO-MOJIOUHOM (haze
nuTaHus, oH B 2,1 pasa Beie, p < 0,001, yeM y 0THOCYTOUHBIX, U HAXOUTCSI HA YPOBHE
2,73 £ 0,021. K TpexHeaenpHOMY BO3pacTy, B TSUCHHUE MEPBOM (a3bl MOJIOYHOTO TTHTA-
HUSI, BEJIMYMHA KOO PUIIMEHTa 3HAUUTENbHO nafgaet, Ha 61,2%, p < 0,001, mo 1,06 £
1+ 0,012. Y ogHOMECSIYHBIX, BO BTOPOi (ha3e MOJIOYHOTO MUTAHKS, YPOBEHb MOKA3aTeIs
BBIIIE, YEM Y TPEXHEAEIBHBIX, B 1,7 pasza, p < 0,001, nocruraer 1,83 £ 0,015. B nocne-
JYIOIIEM, 0 JBYXMECSYHOTO BO3pacTa MopocsT, KO3()(GUIIMEHT JOCTOBEPHO MOBBIIIA-
ercst — B 1,3 paza, p < 0,001, mo 2,42 £ 0,023. IIpuMepHO TaKOM K€ OTHOCUTEIHHO
BBICOKHM ypoBeHb Kodddurimenta e Putuca (2,57 + 0,029) oOHapy:xuBaeTcs U 'y 4eThl-
PEXMECSUHBIX TTOPOCSIT.

CnenoBarenbHo, cTabminzanus koddduuuenra ge Putuca y 4yucTonopoaHsix
MOPOCST, BBIPAIIEHHBIX B YCIOBUSX CBHHO(EPMBI, ONPENENIIeTCs B TKAHAX JAUBEPTHU-
KyJa, KapAHaJIbHOM M MUJIOPUYECKOM YacTell ey JKa ¢ AByXMECIYHOTO BO3pacTa.
BwMmecte ¢ Tem cTabuim3anys mokasarens B TKaHAX (YHAATBHON YaCTH JKeIy/IKa B UC-
CIIeyeMbli IEPUOJT KU3HHU Y YHCTOMOPOAHBIX MOPOCIT HE IPOUCXOAMNT.

Bo3spacTHble usMeHeHust KoadPpuumueHTa ae Putuca
B TKaHSAX XXeJlyAKa y pa3HOBO3pPaCTHbIX YACTONMOPOAHbIX MOPOCHT,
BblPAaLLLEHHbIX B YCJIOBUAAX CBUHOKOMIJIEKCA

JuBepTHKYJ. B TKaHsAX AMBEPTHKYIJA Y MOJO3UBHBIX OJHOCYTOYHBIX YHCTOIO-
POIHBIX MOPOCIT CBUHOKOMILIEKca KodddurmenT ae Purtuca (Tabn. 2) umeer oTHOCH-
TENbHO HanOoubIIyto BeymunHy — 1,17 £ 0,011, YV HeaenbHBIX TIOPOCAT, HAXOISAIINXCS
B MOJIO3UBHO-MOJIOUHOM (ha3e, OH Hike onHOCYTOUYHbIX Ha 50,5%, p < 0,001 u Haxomut-
cs Ha ypoBHe 0,58 * 0,006. K nByxHeaensHOMY BO3pacTty, y OPOCAT IIEPBOM MOJIOUHOM
¢a3el nuTanus, kodpounuent noseimaercs o 0,89 + 0,007, B 1,5 paza, p < 0,01.
[ToBTOpHOE TOCTOBEPHOE CHIKEHHUE TIOKA3aTelsi 00HAPYKUBACTCS Y TPEXHEICIbHBIX,
MOPOCAT BTOPOH MonouHo# (asbl, Ha 41,6%, p < 0,01, mo 0,052 £+ 0,004.

Tabnuuya 2 / Table 2

Bo3spacTHble nameHeHus KoapdunuueHTa ae Putuca B TKaHAX Xenyaka
Y Pa3HOBO3PaCTHbIX YACTONOPOAHbIX MOPOCAT (CBMHOKOMMIEKC) /
Age changes coefficient de rytis in the tissues of the stomach
of purebred different ages of pigs (pig complex)

YacTb opraHa BospacT, cytkn
1 7 14 21 28 60 120
OueepTukyn 1,17 0,58 + 0,89 = 0,52+ 0,77 £ 1,29+ 1,09+
+0,011 +0,06 +0,007 + 0,004 +0,009 +0,007 + 0,008
KapavansHas 1,38 0,78 = 1,13 0,83+ 0,39+ 1,35+ 0,98 +
+0,011 + 0,005 +0,012 + 0,007 + 0,004 +0,012 + 0,007
dyHpanbHas 2,43+ 1,18 1,43 % 1,46 = 1,84 % 2,11+ 1,95+
+0,022 +0,017 +0,011 +0,013 +0,015 +0,018 +0,013
Munopuyeckas 1,84 1,22+ 0,79+ 2,33 % 1,41+ 1,47 + 1,56+
+0,016 +0,013 + 0,006 +0,019 +0,013 +0,012 +0,016
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VYpoBeHb MokazaTessi y YeThIPEXHEACTbHBIX TOPOCIT MOJIOYHO-Ie(HUHUTUBHON
¢a3pl mpuMepHO oauHaKOB ¢ TpexHeaeabHbiMu — 0,077 = 0,009. K nByxMecsqyHOMY
BO3pACTy y MOPOCAT NEPBON AePUHUTUBHON (Pa3bl MUTAHUS B TKAHSAX TUBEPTUKYIA
ko3 dumeHT ae Putrca cyrecTtBeHHO Bo3pacrtaer, B 1,7 pasa, p < 0,01, 1o 1,2 9 £+ 0,007.
VY 4eTpIpexMeCSYHBIX MMOPOCAT YPOBEHb KOd(PPHUIIMEHTA TPUMEPHO OJJMHAKOB C JABYX-
mecssuyaeiMu — 1,09 £ 0,008.

Kapaunanbnas yactb. Koaddunuent ne Putuca B TKaHAX KapAuanbHON YacTH
xemyaka (Tabin. 2) y 0JHOCYTOYHBIX MOJIO3WBHBIX YHUCTOTOPOJIHBIX MOPOCSAT UMEET
OTHOCHUTEIBHO caMyto Oombinyro Benmuuuny — 1,38 + 0011. B mocnenytomue mectsh
CYTOK H3HH Y MOJIO3UBHO-MOJIOYHBIX IOPOCST M3ydaeMblil KO3()(UIIMEHT B TKAaHAX
KapAHalbHOM 4acTU CYILIECTBEHHO cHHkaetcs Ha 43,5%, p < 0,01, go 0,78 + 0,005.
VY ABYXHEJENbHBIX MOPOCIT MEPBOM MOJIOYHON (pa3bl OH JOCTOBEPHO BBILIE, YEM
y HezlenbHbIX, B 1,5 paza, p < 0,05, u cocrasnsier 1,13 = 0,012. Bo3pactHoe cHuxkeHUe
MOKa3aresl K TPEXHEAeTbHOMY BO3pacTy HelnocToBepHO, p > 0,05. YV dueThIipexHe1emnb-
HBIX, WJIH Y TIOPOCAT NepexoaHol ¢a3bl nuTanus, kodpduuueHt ne Putuca pesko
nanaet, Ha 53,1%, p < 0,01, mo 0,39 + 0,004. B Tedyenue neproii 1ePUHUTHBHOMN
(ha3pl MUTAHUS MOPOCAT, ¥ ABYXMECSIUHBIX, OH YBelnuuBaercs B 3,4 pasa, p < 0,001,
1o 1,35 £ 0,012. anpHeliniee CHUKEHUE NTOKA3aTeNs, K YETBIPEXMECIYHOMY BO3PACTY,
B TEUYCHHE BTOPOU NEePUHUTHUBHOU (a3bl MUTAHUS MOPOCIT, TAKKE OCTOBEPHO,
Ha 27,5%, p <0,05, no 0,98 + 0,007.

®dyunanbHas yacTh. HauBbicmas BenmuunHa KodguimeHT ne Putuca B TkaHsIX
(byHIANTBPHON YacTu kemyaKa (Tabi. 2) onpenensercs Y OJHOCYTOYHBIX MOJO3UBHBIX
nopocar u coctanisiet 2,43 + 0,022. K cemucytodyHOoMy BO3pacTy MOpPOCST, B TEUCHUE
NepexXoJHOM (pa3bl OT MOJIO3UBHOTO K MOJIOYHOMY NMUTAHHUIO, OHA 3HAYUTEIILHO TaJIaeT,
Ha 51,4%, p < 0,001, mo 1,18 £ 0,011. ¥V aByx- (1,43 £ 0,011) u TpexHeneIbHBIX
(1,46 £ 0,011) nopocsT ypoBeHb MOKa3aTeNsl IPUMEPHO PABEH CEMHUCYTOUYHBIM. Y YEThI-
PEXHENENBHBIX MOPOCAT, HAXOIAUINXCA B MEPBOK MOJIOYHOH (aze, OH TOCTOBEPHO
yBenuuuBaercs, B 1,3 paza, p < 0,05, go 1,84 £ 0,015. C 3Toro Bo3pacTHOro cpoka
MOPOCST CYIIECTBEHHBIX BO3PACTHBIX M3MEHEHHI BeTMUMHBI Koddulrenta ne Puruca
B TKaHSX (DYHATBHON YaCTH Key/Ka Y YUCTOTIOPOTHBIX TIOPOCAT HE OOHAPYKUBACTCA.

IInnopuyeckas yacTh. B TKaHAX nunoprudeckoil yactu sxenyaka (Tadu. 2) y oa-
HOCYTOYHBIX MOJIO3UBHBIX NOpOCcAT Kod(duumeHT ae Putrca HaxoauTcs Ha ypOBHE
1,84 £ 0,016. B TeueHre MOJIO3UBHO-MOJIOYHOW U MTEPBOM MOJIOYHOM (ha3ax MUATaHUS
MOPOCAT U3yYaeMblil TIOKa3aTeNb MOCTENEHHO U JOCTOBEPHO YMEHBILIACTCS: MEPBOM
Hexenu Ha 33,7%, p < 0,05 no 1,22 £+ 0,013; BTOpoii Henenu — Ha 35,3 p < 0,05,
10 0,79 £ 0,013. K tpexHeaensHOMY BO3pacTy MOPOCST, B TEUCHUE BTOPOU MOJOYHOU
¢a3bl muTaHus, U3ydaeMslil Ko3(uLueHT pe3ko Bo3pacraeT 10 2,33 + 0,019, B 3,0 paza,
p <0,001. K ueTpipexHeieIbHOMY BO3pacTy OH BHOBb cHUkeTcs 1o 1,41 + 0,013,
Ha 39,7%, p < 0,001, 1 npUMEpHO HA TAKOM K€ YPOBHE COXPAHSETCS U B MOCIIEIYIOIINE
MECSIIIBI JKU3HH MTOPOCHT.

CnenoBartenbHo, cTabmin3anus koddduuuenra ae Putuca y yncTonopogHsix
MOPOCSAT CBUHOKOMITJIEKCA B TKAHSIX IMBEPTUKYJIA OOHAPYKUBACTCS C IByXMECSIUHOTO,
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a QyHIAIBHON U NUJIOPUYECKON YacTel JKelTy1Ka — C YeThIPEXHEIeIbHOI'O BO3PACTOB.
B TkaHsaX KapauaibHOM 4acTH kKeJlyAKa 3a UCCIIeLyeMblil IEpUOJ )KU3HU TIOPOCAT 3TOT
IOKa3aTesb He CTAOUIM3UPYETCS.

3AKJTIONMEHUE

Haunbonee nHTEHCHUBHBIE BO3pACTHBIE U3MEHEHNUs kKoaddurnenta ne Putuca y umc-
TOIIOPOJIHBIX MOPOCST, BbIpalieHHbIX B yeinoBusax YHIIL «Crynendeckuii», onpenens-
IOTCSI B TKAHSX JIMBEPTHKYJIa B EpBOi (ha3e MOJIOYHOTO MUTAHUSI, WU C IECATUCYTOU-
HOT'O JI0 TPEXHEIEIbHOI0 BO3pacTa, U B (paze MOJIOYHO-1e(PUHUTHUBHOTO MUTAHUS, WIN
C MECSYHOI0 JI0 IByXMECSYHOI'0 Bo3pacTa. B TKaHAX KapAMaIbHOM 4acTH Kelyaka
y MOPOCST MHTEHCUBHOCTh BO3PACTHBIX M3MEHEHUH H3y4aeMOro 1oKa3aTelisi HauBbICIIas
BO BTOPOI1 (haze MOJIOYHOTO MUTAHMS, UM C TPEXHEAEIBHOIO 10 MECAYHOT0 BO3pacTta
U B NIEPEXOHOI MOIOYHO-1ePUHUTHBHON (ha3e, WK C MECSUYHOIO JI0 IBYXMECAYHOIO
Bo3pacTa. B Tkansax ¢pyHnanbHON yacTu xenyaka kosduuueHt ne Putuca Gosee
BBIPAKEHO U3MEHSETCS B MOJIO3UBHO-MOJIOYHOH (pase, MM ¢ OTHOCYTOYHOTO /10 AECATH-
CYTOYHOT'O BO3pacTa U B NepBOi IepUHUTHBHON (aze, U C JBYXMECSIYHOIO 10 YEThI-
PEXMECSIUHOT0 BO3pacTa.

B TkaHAX MUIOPUYECKOM YaCTH KeTy[Ka HHTEHCUBHOCTb BO3PACTHBIX M3MEHEHHUH
Ko3(uLeHTa BbICOKasi B MOJIO3UBHO-MOJIOUHOM (pa3e MuTaHus, WK ¢ OJHOCYTOYHOTO
JI0 IECSITUCYTOYHOT'O BO3pacTa M B MEPBOIl MOJIOYHOH (Da3e MUTaHus, UK C JECATU-
CYTOYHOTO JI0 TPEXHEEIBLHOI0 BO3pacTa.

Haunbonee MHTEHCHBHBIC BO3pacTHbIE M3MEHEHHs Kodpduuuenrta ae Putuca
Y YMCTOIOPOJIHBIX ITOPOCST, BHIPAILIEHHBIX B YCIOBUSAX CBUHOKOMIUIEKCA, BBISBIISIFOTCS
B TKaHSX JMBEPTUKYJIA B MOJO3UBHO-MOJIOYHON (pa3e MUTaHUs, WU C OAHOCYTOYHOTO
JI0 CeMUCYTOYHOI'0 BO3pacTa U B MEpBOi Je(hMHUTHBHOM (pa3e MUTaHUS WM C YETBIPEX-
HEJIEJILHOTO JI0 ABYXMECAYHOIO BO3pacTa. B TKaHAX KapuanbHON YacTH JKEITy1Ka, KaK
U B TKaHAX JUBEPTUKYJIA, UHTEHCUBHOCTbh BO3PACTHBIX U3MEHEHHUH N3y4aeMoro Inoka-
3atens 0ojee BHICOKAsi B MOJIO3UBHO-MOJIOYHOM (ha3e MUTAHUS, WIU C OJHOCYTOUYHOTO
JI0 CEMUCYTOYHOTO BO3pacTa U B NEpBOi Ae(DUHUTHBHON (ha3e MUTaHUS, I C YEThI-
PEXHENIEIBHOTO JI0 ABYXMECSYHOTO BO3pAcTa MOPOCHT.

B Tkansax GyHIaIbHOM YacTH JKeTyIKa y TIOpOCAT BenmuunHa koddduirenTa cosee
MHTEHCUBHO W3MEHAETCS JIMIIb B MOJIO3UBHO-MOJIOYHOHN (haze MUTaHMs, WIN C OIHO-
CYTOYHOTO /10 CEMUCYTOYHOTO BO3pacTa. B TKaHAX MUIOpUYECKON 4acTH JKeyIKa
k03¢ duieHT e Putnca ¢ BbICOKOM HHTEHCUBHOCTBIO U3MEHSETCSI BO BTOPOM U TpeThei
(azax MOJIOYHOTO MUTaHUS, WM C ABYXHEAEIBHOTO J0 YETHIPEXHEAEIBHOTO BO3pacTa.

Takum o0pa3oM, XxapakTep U UHTEHCUBHOCTh BO3PACTHBIX U3MEHEHUH K03 du-
1ueHTa ae Puruca y 4ncTOMOPOIHBIX MOPOCAT B TKAHAX Pa3HBIX YacTeH KeIyJKa
HEOJIMHAKOBBIE. [IpH YeThIpEXHEEIBHOM OThEME NOPOCAT, B YCIOBHUIX BBIPALIMBAHMS
B CBUHOKOMILIEKCE, XapaKTep U MHTEHCUBHOCTb BO3PACTHBIX U3MEHEHUI U3y4aeMOro
NIOKa3aTessi IMEIT CBOM 0COOCHHOCTU. BmecTte ¢ TeM BennunHa Ko3((HUIMEHTa CTaHO-
BUTCA 00JIee CTAaOMIBHON Y TOPOCAT 00€UX XO3AHCTB, HAXOAAIINXCS B J€(PUHUTUBHOIM
WU PacTUTENbHOH (paze muTaHus.

© Cynaxosa /I.I1., TepenTtheBa M.I'., Mapaapsesa H.B., 2019.
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DE RITIS RATIO IN STOMACH TISSUES
IN MIXED-AGE PURE-BRED PIGS, GROWN UP
IN THE CONDITIONS OF DIFFERENT FARMS

Diana P. Sudakova', Maiya G. Terentyeva’,
Nataliya V. Mardaryeva’

'Cheboksary College of Construction and Urban Economy
Cheboksary,428017, Russian Federation

“Chuvash State Agricultural Academy
Cheboksary, 428003, Russian Federation

Abstract. The nature and intensity of age-related changes in the De Ritis coefficient, or the ratio
of the enzyme aspartate aminotransferase to alanine aminotransferase, in the tissues of the diverticulum,
cardiac, fundal and pyloric parts of the stomach of purebred different-age pigs grown in different farms
were studied. The activity of enzymes was determined by spectrophotometric method in the scientific
laboratory of the “Chuvash State Agricultural Academy”. It was revealed that during the four-week weaning
of pigs (under growing conditions of the pig complex), the nature and intensity of the age-related
changes of the studied indicator have their own characteristics. At the same time, the value of the coef-
ficient becomes more stable in piglets of both farms that are in the definitive or plant phase of feeding.
The most intensive age-related changes in the De Ritis coefficient of purebred piglets grown under
the conditions of the Student Scientific and Production Center “Student” are determined in the tissues
of the diverticulum in the first phase of the milk-definitive diet (reduced by 33.8%). In the tissues
of the cardiac part, in the second phase of the milk supply (increased by 31.2%). In the tissues of the fundus
of the stomach, the De Ritis coefficient is more pronouncedly changing in the milky phase (increased
by 2.3 times). In the tissues of the pyloric part — in the colostrum-milky phase of nutrition (increased
by 2.1 times). The most intense age-related changes in the De Ritis coefficient of purebred piglets grown
under pig farm conditions are detected in the tissues of the diverticulum in the first definitive phase
of nutrition (increased by 1.7 times). In the tissues of the cardiac part of the stomach — in the first
definitive phase of nutrition (increased by 3.4 times). In the tissues of the fundus of the stomach in piglets,
the value of the coefficient changes more intensively only in the colostrum-milky phase of the diet
(decreased by 51.4%). In the tissues of the pyloric part of the stomach, De Ritis coefficient with a high
intensity changes in the second and third phases of the milk supply (increased by 3.0 times).

Key words: De Ritis coefficient, aspartate aminotransferase, alanine aminotransferase, stomach,
piglets
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AHAJIN3 U NPEAYNPEXAEHUE PUCKOB
NMPU USrOTOBJIEHUN TABOPATOPHbIX
MUKPOBUOJIOTMHYECKUX MUTATEJIbHbIX CPEL,
METOAOM FMEA
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AnHoTanus. Ha Bcex sTamax rmpousBoJICTBa MUKPOOUOIOTHUECKUX MTUTATEIBHBIX CPEJl IIPOU3BOIN-
Telb, @ B 0COOCHHOCTH MUKPOOHOIIOTHIECKHE JTa00paTOpUH, H3rOTaBIMBAIOIINE CPEIbl HA MECTe, CTall-
KHMBAIOTCS] C MHOJKECTBOM IIPOM3BOICTBEHHBIX PUCKOB. Hannuue Takux pucKOB MIPAKTUUECKH B KaX 10U
KPUTHUYECKOM TOUKE MPOM3BOJCTBA M JaybHenel skcruryatanui MIIC o0ycioBieHO HaTMuueM o0ImunX
OCHOBHBIX TpeOoBanuii st Bcex MIIC, KOoTopble HEOOXOIUMO YUHUTHIBATH M COOMIOAATD TIPH HX pa3paboTKe
U MIPUTOTOBJICHUH; & TAKXKE CJIOKHOCTBIO M TPYJAOEMKOCTBIO CAMOTO IPOIIECCca U3TOTOBJICHUS! BHICOKOKA-
YECTBEHHBIX U] (HepeHIMATBHO-TMarHOCTHYECKUX U UHBIX MTUTATENBHBIX CPEJl, TPEOYIOIIETO HATMYHS BCEX
HEOOXOMUMBIX ISl IPUTOTOBJIEHHS JTAHHBIX Cpel KOMIIOHEHTOB, 000PYA0BAaHHS, CTEPIIBHBIX YCIOBUMA
U KBATU(HUIMPOBAHHOTO NEpCOHaNa. B CBs3M € 3THM BO3HUKAET HEOOXOJUMOCTh B MOUCKE d(PPEKTHB-
HBIX METOJIOB BBISBJICHUS M IIPEJOTBPAILEHHUS HEKEIAaTeIbHBIX CUTYAINH, CBSI3aHHBIX C IIPOU3BOACTBOM
u ucnonbs3oBanrem MIIC. Ilenbto naHHOM pabOTHI ABIAIACH aJanTaI[Us METOJUKHA OLIGHKH PHUCKOB
Ha OCHOBE 3KCIIEpTHOro Mertona aHanu3a BunoB U nociueactsuit orkazoB FMEA (Failure Mode Effect
Analysis), uznoxensoro B 'OCT P UCO 31010-2011 mis Hy»J MUKPOOHOJIOTHYECKUX J1TaOOpaTOpHi,
B TOM YHCIIE BETEPHHAPHO-CAHUTAPHOI SKCHEPTU3bI, OCYIIECTBIAIONIUX MTPOU3BOICTBO MUKPOOUOJIOTH-
YECKUX MUTATEIbHBIX Cpe/l U paboTy ¢ HUMHU. B paMkax naHHOM paboTh! OBUT IPOBEJEH CPaBHUTEIILHBIN
aHaJIM3 METOJIOB OLIEHKH PHCKA C IIENBI0 BBIOOpa ONTUMAIBHOTO; ananrtanus npuaiuna CMK — puck-
OpPUEHTHUPOBAHHOTO MbIIIIeHUs U MeTona FMEA nis oneHkM pUCKOB IpU pealn3anuy MpoLeccoB
nsrotosienust MIIC B yclnoBHsIX MHUKpOOHOJIOTHYECKO# T1abopaTopuu (Ha MpUMEpEe TBEPAbIX arapoBhIX
cpen); paspadoTaHbl GOpMBI IPOTOKOIA OLEHKH PHCKA; BHITIOIHEHBI PACUETHI KOMUIECTBEHHOW OLICHKH
YPOBHEH pUCKa C LEIbI0 ONPE/IeNICHUs] HEOOXOJUMOCTH TPEAYTPEKIAONINX ICHCTBUNA U UX BBIIOJTHEHHS
JUIE MUHAMH3AIUM HEeTaTUBHBIX TOCIEACTBUI PUCKa B Clyyae €ro OCyIIECTBIICHHUS C MOMOIIBIO paspa-
0OTaHHBIX MPOTOKOJIOB. [1oTydeHHBIe pe3yibTaThl OKa3ajt, YTO JaHHAs METOJUKA MOYKET OBbITh YCIEIIHO
BHE/IPEHA M HCIOJIb30BaHa B 3asBJICHHON 00JIaCTH.

KuarueBble cji0Ba: MUKPOOHMOJIOTMYECKUE IMUTATEIBHBIC CPEbl, BETEPUHAPHO-CAHUTAPHAS
JKCIepTH3a, cucteMa MenemkmenTa kagectsa (CMK), meron FMEA

Beenenue. [Ipu npoBeneHnn ananusza MUKPOOHMOIOTUIECKON O€30MaCHOCTH ChIPhS
WJIA TOTOBOM MPOAYKIIUH KUBOTHOTO MIPOMCXOXKICHUS OOJIBIIOE 3HAYCHNE UMEET Kade-
CTBO MUTATEIBHBIX CPEJl, KOTOPHIE TOTOBAT HEMOCPEICTBEHHO B JabopaTopusix. OHU
SIBIIIFOTCS. OCHOBOW MUKPOOMOJIOTMYECKOHN pabOThI, U UX KAYECTBO YACTO OMPEEIISIET
pe3yabTaThl BCero uccienaoBanusa. Cpepl TOKHBI CO37aBaTh ONTHUMAJIbHbIEC (HAWITy4-
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IKM€) yCIOBUS AJIs KU3HEAEATEIbHOCTH MUKpoopranusmos [1, 2]. Mcnons3oBanue
BBICOKOKAYECTBEHHBIX MHUTATEIBHBIX CPEJ COCTABISIET 3aJI0T yClexa MHKPOOHOI0-
THYECKUX MCCIIEOBAaHUM, B TOM YMCIIE U MPU MPOBEJCHUHN BETEPUHAPHO-CAHUTAPHOMN
HKCTIEPTU3BI, IIOCKOJIbKY MUKPOOHUOJIOTMYECKUE MTUTATEIBHBIE CPEbl OTBEYAIOT CBOEMY
HA3HAYEHMIO TOJIBKO B CIIyYasiX COOTBETCTBHS MX CTaHJAapTaM KayecTsa [3—S5].

Jns Bcex MIIC, HeB3upas Ha UX pa3HOOOpa3ue U MHOTOYUCICHHOCTb, BBIICIIS-
I0TCS1 00111e OCHOBHBIE TpeOoBaHus. [Ipu ATOM Takke HEOOXOIUMO YUHUTHIBATH, YTO
M3rOTOBIICHHE BBHICOKOKAYECTBEHHBIX AU HepeHINATBHO-IHArHOCTHUECKUX TUTATENb-
HBIX Cpe MPEACTABISET COOO0M CIIOKHBIN, TPYAOEMKHI MPOLecC, TPEOYIOINI HATNIUs
BCEX HEOOXOMMBIX JUIs MPUTOTOBJIEHUS CPEIbl KOMIIOHEHTOB, 000PY/10BaHHs, CTEPHIIb-
HBIX YCJIOBUH U KBaTU(DUIIMPOBAHHOTO MIEPCOHAA.

OpnHako Ha BCeX 3Talax MpPOU3BOJICTBA MUKPOOMOIOINYECKUX MUTATEIbHBIX Cpejl
[IPOM3BOJIUTENb, B OCOOEHHOCTH MHMKpPOOMOJIOrMUYECKUE JIAOOpaTOPHH, U3TrOTaBIMBa-
IOLLUE CPEIbl HA MECTE, CTAJIKUBAOTCSA C MHOKECTBOM IPOU3BOICTBEHHBIX PUCKOB [2].

[TosTOMY LIENBIO HAIIMX MCCIIEA0BAHUM SBUJIOCH POBECTH AHAIMTUYECKUI aHAIN3
PUCK-OPUEHTHUPOBAHHOTO MbIILIEHUS U MeToa FMEA niis oeHKu pucKoOB IpH pea-
nu3anuu npoueccos nroropieHus MIIC B ycoBUsIX MHUKPOOHUOIOTHUECKON 1abopaTo-
puH (Ha mpUMepe TBEPABIX arapoBBIX CPEN).

Marepuansl 1 MeToAbl. B KauecTBe anropurMa ucciieioBaHus ObUTH NPUHATHI
npouenypsl, onucanusie B [OCT ISO 11133-2016 (ISO 11133:2014, IDT) [6]. Oxn-
HAKO IpH BBIIOJHEHUHU UX HAOMIOIal0TCs PUCKH, KOTophle B cooTBeTcTBHM ¢ ['OCT P
NCO 31010-2011 onpenensarorcst Kak HEOIPEAEIEHHOCT B JOCTHKEHUH LIETH.

Puck-opuentupoBanHoe mblnuieHre B coorserctsuu ¢ [ISO 9000:2015 (I'OCT P
NCO 9001-2015) no3Bossier 11000# CTPYKTYpE, B HACTHOCTU MUKPOOHOJIOTUYECKOM
nabopaTtopuu, onpenenits (pakTopsl (Yrpo3bl-OMacHOCTH), KOTOPBIE MOTYT NPUBECTH
K OTKJIOHEHHMIO OT 3aIVIaHMPOBAHHBIX PE3yJIbTaTOB MPOLIECCOB — B YAaCTHOCTHU Mpoliecca
«H3roToBeHNEe MUTATENIBHBIX CPEll B YCIOBUSIX MUKPOOMOIOTHYECKON J1ab0opaTopumy
u «/cronp30BaHKUEe FOTOBBIX CTAHAAPTU3UPOBAHHBIX MMUTATEIBHBIX CPE/»; U UCIIOJNb-
30BaTh MpeAyNpexaaolnue cpeacTBa (AecTBU) 11 MUHUMU3AIUN HETaTUBHBIX
MOCJEACTBUI (PUCKOB).

C nenbio BeIOOpa MeTO/a SKCIIEPTHOM OLIEHKH PUCKOB ObUIN IPOAaHAIN3UPOBAHbI
HECKOJIbKO Hambosee moaxoasmux mMeTonoB u3 33 mpencraBinenneix B [OCT P
HMCO 31010-2011, B Tom umce:

— merox HACCP (AHanu3 onacHOCTH U KPUTUYECKUX KOHTPOJIBHBIX TOUYEK);

— merox HRA (AHaim3 BIUSHUS Y4eI0BEYECKOTO (haKTopa);

— merox SWIFT (CrpykTypupOoBaHHBIH aHAIN3 CLIEHAPHEB METO/IOM «UTO, ECIU?»);

— Metorq FMEA (AHanu3 BUIOB U MOCIICACTBUIN OTKA30B M aHAJIM3 BHJIOB, TTOCIIE/I-
CTBUM ¥ KPUTUYHOCTH OTKA30B).

B nanHoii paboTe BEIOOp MeTO/1A OIIpeessieTcs CIeAYOIMMU KPUTEPUIMU:

— BO3MOJKHOCTb OLIEHKH BeposATHOCTH (O) MOSIBICHUSI ONIACHOCTU-YTPO3bI OTKJIO-
HEHMS OT 3aIJIAHUPOBAHHBIX PE3yJIbTATOB MPOLIECCa;

— BO3MOKHOCTb BEPOSATHOCTHOM OLIEHKH MOCIEICTBUM pealn3aliii ONacHOCTH (S);

— BO3MOXHOCTb CPaBHHUTEJIbHON OLIEHKH PUCKA, TO €CTh YPOBHS OCTaTOYHOI'O
pHCKa 1ocie MPUHATHS MPeIypekIatouX ISHCTBUIA 10 YCTPAaHEHUIO TOTEHIUAIbHON
omacHoctH [7, 8].
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[Tockonbky HEOOXOAUMO TOTYYHUTh KOJIMYECTBEHHBIE OIIEHKU BEPOSTHOCTH TOSB-
JICHUsI PUCKA, €r0 YPOBHS U BEJIMYMHY OCTATOYHOTO PUCKA METOJIOM SKCIEPTHBIX OlLle-
HOK, C 3TOH TOYKH 3peHuUs1, 0€3yCI0BHO, Ooiee Bcero moaxoaut metoq FMEA.

K coxanenuto, nonysspueiii Mmetoq HACCP He no3BosisieT OLleHUTh NOCIEACTBUS
pealii3aly pucKa, a Tak:Ke KOJIMYECTBEHHYIO OLIEHKY ypoBHs pucka [7, 8]. Hecmotpst
Ha 3TO JIaHHBIA NpeayNpeIuTeNbHbII METOJ IIMPOKO UCMONb3YETCs B MUIIEBOM MPO-
MBIIUICHHOCTH KaK TapaHTUsl 0€30MacHOCTH MPOU3BOJUMBIX MPOJYKTOB MUTAHHS.
JlaHHBIN METOA ONpEAEAeT CUCTEMHBIN MOAXO0/ K IIPOLECCY MPOU3BOACTBA MPOIYK-
TOB IHUTAHUsI, BHISIBJICHUIO BO3MOKHBIX (DaKTOPOB PHUCKA XUMHUYECKOTO, (PU3HYECKOTO
1 OMOJIOTHYECKOTO TIPOUCXOXKICHHS, MX aHAJIM3 U KOHTPOJb [7, 9].

Amnanu3 BU0B U nocienctsuii otkazos (FMEA) nomoraer nuaeHTnGUImupoBaTh:

— BC€ BUBI MOTEHIIMAILHBIX OMACHOCTEH (PUCKOB), KOTOPHIE MOTYT MPUBECTH,
K HECOOTBETCTBHSM IPU BBINOJIHEHUU MPOIIECCOB;

— CHOCOOBI CMSITYSHHUS TTOCIICICTBUI BIUSHUS TOSBJICHUS TOTCHIIMAIBHBIX OI1ac-
HocTel aJis nporeccos [9, 10].

B nacrosiee cratbe paccmarpuBaercs ucnoib3oBanue Metona FMEA B npouecce
NPUTOTOBJICHHUS TBEPAOI arapoBOii Cpe/Ibl B YCIOBUSX J1a00OPaTOPUH.

Merton FMEA MokeT OBITH HCITOIB30BaH:

— JUISl UCCIIETOBaHMsI BCEX BUI0B OMACHOCTEN I TPOLIECCOB;

— 1Sl MIeHTH(UKALUK TTOCIICACTBUI OMIMOOK MepcoHasna (BIMSHUE YeloBeye-
ckoro ¢akropa);

— JUIsl YIIy4IIEHUs POLIECCOB.

s BeimostHeHust Mmetona FMEA HeoOxoanMa moipoOHas mHpopManus, KoTopas
MOXKET BKJFOUYATh:

— 3Tarbl BBIIOJHAEMOrO MIpoliecca;

— uH(pOpMaHio 0 GYHKINOHUPOBAHUU KAXKJIOTO ATl MPOLIECCa;

— nopoOHOE OMUCAHKE MAapPaMEeTPOB, KOTOPhIE MOTYT BIUATH HA (PYHKIIMOHUPO-
BaHUE MPOLIECCOB;

— CBEJICHUS O pe3yJIbTaTax pealu3ally OMacHOCTEM;

— XPOHOJIOTMYECKHE JaHHBIE O TIOSBJICHUN ONACHOCTEH.

Meton FMEA BxitodaeT B ce0si CIIeIYyIONIyI0 TOCIeI0BATEIbHOCTD IEHCTBHMA.

a) OmnpezneneHne o0IaCTH MPUMEHEHHUS U LIEJIeH CCIeIOBaHUS.

b) ®opmupoBanue padbodeit FKCIIEPTHOMN TPYIIIIBI.

c) Wzydenue nmporeccos, Ui KOTOPBIX NpUMeHsoT metol FMEA.

d) Henenue mporecca Ha STarbl.

e) Ompenenenue GyHKIMA KaXKIOTO ATAIA.

f) Omnpenenenue It KaKI0TO dTArNa:

— MOSIBJIEHUE BO3MOXHBIX HECOOTBETCTBUM IMPH BBITTOJIHEHUH MPOLIECCOB U X
IIPUYMH;

— MOCJEACTBUI HECOOTBETCTBHIA

— YPOBEHb NOCJEICTBUN NPU pealn3alii HECOOTBETCTBUM MPU BHIIOJIHEHUU
nporecca.

VYpoBeHb pHcKa OINPENeNstoT KaK COUETAHUE MOCIIEICTBUM BUIA peaTU3aly Orlac-
HOCTH U BEPOSITHOCTH ee nossienus 9, 10].
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Panr npuopuretHoctu pucka (RPN) siBisercs cMemaHHONH Mepoli KpUTUIHOCTH
peanuzanuy ONMacHOCTH, €r0 PACCUUTHIBAIOT MyTEeM YMHOXXEHHUSI paHTa 3HaYMMOCTH
MOCJIEJICTBUM peau3aliy OMacHOCTH Ha PaHT BEPOATHOCTH €€ MosiBlieHus. B cran-
napte [9] mpennaraercs rpaganus panros ot 1 go 10.

ITepBuuHbIMU BBIXOHBIMHU JaHHBIMU MeToa FMEA sBisitoTCcsi mepeyeHs BUIOB
PHUCKOB, MEXaHU3MOB BO3HUKHOBEHUS] PUCKOB U €I0 MOCJIEICTBUMA JIJIsl KAXKIOTO 3Tara
nporiecca. K BBIXOAHBIM TaHHBIM TaK)Ke OTHOCAT MH(POPMAITUIO O IPUYUHAX U ITOCIIC/I-
CTBUSIX pealu3alliy pucka Jyis nmpoiecca B uesnom [9, 10].

Meroa mpuMeHUM K BHUJAaM OMACHOCTEH, CBSI3aHHBIX C OIMOKaMH MepcoHaia,
HapyIIeHHeM paboTOCIIOCOOHOCTH 000PYIOBAHUS M METOJIOB PEATTM3ALIMH ITPOIIECCOB.

[Tpu sTom Mmeronn FMEA MoXeT ObITh HCTIOB30BaH TOJIBKO JISl HIIEHTU(DUKAITTT
OTJICILHBIX ONIACHOCTEM, a HE MX COUYCTAHHSI.

Hcnonw3ys matepuan, IpecTaBIeHHbIN B OTKPBITOM HHTEpHET-ucTouHuke [11],
MIPOBEJN OLIEHKY NPUOPUTETHOCTH PUCKOB, TO €CTh ONPEIECIIUIN TPUOPUTETHOE YHUCIIO
pucka (PRN).

OTOT TMOKa3aTesb, MOJYYCHHBIN MEPEeMHOKEHUEM BEPOSITHOCTEH IMOSBICHUS
pucka (O) ¥ OIEHKH TSHKECTH €T0 MOCIeNCTBHM (S), CIyKUT IJIsl OLICHKH BaXKHOCTH
(mpuopuTeTHOCTH) pHcKa. Ha ero ocHOBe MpUHUMAETCs PeIIeHHe 0 HE0OX0IMMOCTH
MPEANPUHUMATE WIM HE MPEeINPUHUMATh MPeIyNpeKIatomue AeUCTBUS C LENbl0 CHU-
YKEHHsI OCTATOYHOT'O pUCKa.

PE3YJIbTATbl UCCJIELOBAHUWN U UX OBCYXXAEHUE

Ha ocnoBe uzyuenus konkperusanuu metona FMEA B 'OCT P 51814.2-2001
pa3paboTaHbl creayromue Tabuibl OATUTFHBIX OLEHOK JUTS UCTIONb30BaHHS SKCIICPTHON

rpynnoii (tabdn. 1 u 2). Benuuuna PRN npu 3ToM OyaeT u3MeHsTbCs B AUANa30HE
ot 1 no 100.

Tabnnuya 1/ Table 1

OueHKa BepOSITHOCTU NOSIBJIEHNs coobITUS /
Risk Probability Assessment (Hazard)

OLeHKa BEPOSATHOCTM NOSIBIEHMS A@HHOMO BMAa pucka (yrposbl) Bann «O»
QOyeHb Bblcokas 9—10
Bbicokas 7—8
YmepeHHas 5—6
OTHOCUTENIbHO HN3Kas 3—4
Hunskasa 1—2

Hcxonas n3 nomyueHHoil BenuunHbl PRN, skcriepTHas rpymnmna npuHUMaeT OJHO
U3 CIEQYIOIIMUX PEIICHUN:

— ecsin RPN menbiie 36 (HM3KMil ypOBEHb JaHHOTO BUJA PUCKA), TO MIPUHATHE
NpeaynpexIarouX IeiCTBUI He TpedyeTcst;

— ecsit RPN 6oubiie 36, Ho menbiie 90 (mpueMiieMblil ypOBEHb JAHHOTO BUJIA
pHUCKa), TO ClelyeT Ha4aTh NPOPA0OTKY NpEeAyNpexNarolnuX IeHCTBUN
110 CHUJKEHUIO PHUCKA;

— ecsi RPN 6ombiie 90 (BbICOKHMI YPOBEHb TaHHOTO BUA PUCKA), TO TpeOdy-
eTcs He3aMeJIMTe/IbHasi pa3paboTKa U MPUHATHE MEp JUIs CHIDKCHUS pUCKa
(Tabm. 2).
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Tabnnuya 2 / Table 2

OueHKa 3Ha4YMMOCTH NOCNeACcTBUiA coobITUSA /
Impact Assessment

OLieHKa 3Ha4YMMOCTM NOCNeACTBUIM COObITUA

Bann «S»

QOyeHb onacHoe 10

OnacHoe

QOyeHb BaxHoe

BaxHoe

YMepeHHoe

Cnaboe

OyeHb cnaboe

He3HnauuTtenbHoe

Oy4yeHb HE3HAYNTENIBHOE

OtcyTcTBYET

= IN|W[~|O(O|N|0|(©

C 3TOii 1enbI0 KCIEePTHAs IPYIIa HAYMHAET C TOT0, YTO OMNpEeesieT MOTEHIH-
aJIbHBIE NIPUYMHBI TAKOTO BBICOKOTO YPOBHS pHcKa. [Ipu 3TOM pekomeHtyeTcs: BOCIOJb-
3oBatkcs npuinoxenueM H 'OCT 111333-2016 (tabn. 3 CBenenust 0 Bujax HeAOCTaT-
KOB, KOTOPBIE MOTYT HIMETh MUTATEIbHBIE CPEJIbI, & TAK)KE O BEPOSATHBIX MPUYMHAX HX

HaJIYHUs).

Tabnnua 3 / Table 3

CBepeHuns o Bupgax HeAoCTaTKOB, KOTOpbie MOryT UMeTb NUTaTeJibHble cpeabl,

a TakKXke O BepPOSATHbIX MPUYnHax ux Hannumsa /

Information about the types of disadvantages that a medium may have,

as well as the possible causes of its presence

Bug HepocTaTka

Bo3moxHas npuynHa HegocTaTka

ArapoBas cpena
He 3acTblBaeT

Meperpes cpeabl BO BPEMS MPUrOTOBEHMS.

Hwnakoe 3HaveHne pH, npmBoasLLEE K KNCIOMY rnMaponn3y.
Mcnonb3oBaHa HenpasuibHasi Mmacca arapa.

Arap 6bl51 paCTBOPEH He A0 KOoHLA.

HepocTtaTtoyHoe nepemMelLBaHNE NHIPEANEHTOB

HeBepHoe 3HayYeHne
pH cpenpl

Meperpes cpeabl BO BPEMS MPUrOTOBEHMS.
HeynosneTBopuTENbHOE KAYECTBO BOAbI.

3arpsisHeHre XMMNYeCKMMU BELLLECTBAMU U3BHE.

pH n3mepeH npu HenpaBuibHOM TemMnepaType.

pH-MeTp HenpaBunbHO KanMGpPoBaH.

HeynoBneTBopuTesibHOE Ka4eCTBO 06€3BOXEHHOM (Cyx0W) cpesbl

HekoppekTHbI

Meperpee cpeabl BO BPEMS MPUrOTOBEHNS.

LBET cpenpl HeynoBneTBopuTenbHOE KQ4eCTBO BOARI.
HeynoBneTBopuTeNbHOE Ka4eCTBO 06E€3BOXEHHO (Cyx0W) cpeabl.
OTCyTCTBME OOHOMO UM HECKOJTbKUX MHIPEANEHTOB.
Mcnonb3oBaHbl HENpPaBUbHbIE UHIPEAVNEHTHI.
HenpasunbHoe 3Ha4eHue pH.
3arpssHeHne n3BHe
O6pa3oBaHue Meperpes cpeabl BO BPEMS MPUrOTOBIEHUS.
ocapnka HeynosneTBopuTenbHOE Ka4eCTBO BOApI.
HeynoBneTBopuTesibHOE Ka4ecTBO 06€3BOXEHHOI (CyX0l) cpeabl.
HeynoBneTBOpUTENbHLIM KOHTPOMb PH.
Mpy NPUroToBAEHNM N3 OTAENbHBLIX UHITPEANEHTOB — NPUMECHK B Chlpbe
MHrméuposaHme Meperpes cpeabl BO BPEMS MPUrOTOBIEHMS.
cpenbl Un HU3Kas HeynoBneTBopuTesibHOE Ka4ecTBO 06e3BOXEHHOI (Cyx0li) cpeabl.
NPOV3BOANTENBHOCTL | HeynoBneTBOpmUTENbHOE Ka4eCTBO BOAbI.
cpeabl Mcnonb3oBaHa HenpasuabHas peuenTypa, Hanpumep, MHrPeaNEHTbI

HenpasWbHO B3BELLEHbI, LOOABKM BBEAEHBI B HEBEPHOM KOHLEHTPALIMM.

B nocyane, roe npoBoanTCs NPUroTOBAEHWE, UM B BOAE NPUCYTCTBYET TOKCHY-
HbI1 0CafoK.

KOHTPONbHbLIN(E) MUKPOOPraHn3M(bl) NPUrOTOBAEH(bl) HENPaBWUIIBHO
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OxoH4aHne Tabmubl 3 / End of Table 3

Bug HepocTaTka BoamoxHas npuinHa HepgocTtaTka
HepocTatoyHas MeperpeB cpenbl BO BPEMS MPUrOTOBJIEHUS.
CENeKTUBHOCTb HeynoBneTBopuTesibHOE Ka4ecTBO 06e3BOXEHHOI (Cyx0li) cpeabl.
unu cneumduny- Mcnonb3oBaHa HenpasubHas peuenTypa.
HOCTb cpenpl HenpaBunbHO ocyLlecTBNEHO A06aBNEHNE UHIPEONEHTOB, HANpPUMep, eciv cpeaa

6blna CNULLKOM ropsiyas Uan HenpaBUbHOM KOHLEHTPaLMK.
3arpsisHeHne 0o6aBok.

KOHTPONbHbLIN(E) MUKPOOPraHn3M(bl) NPUrOTOBNEH(bl) HENPaBUIIBHO
3arpsasHeHune Henapnexalas ctepunusauusi.

cpenpl HeaddekTrBHbIE METOOBI ACEMTUKN.

3arpsasHeHve nobaBok

OTU NPUYUHBI, B CBOIO OY€peb, PACCMAaTPUBAIOTCA SKCIEPTHOM I'PyIIOH, T.€.
[0 KaKA0M NMPUYMHE IPOBOJUTCS aHAJIU3, OLEHKA BEPOSTHOCTH €€ BO3HUKHOBEHUS
1 00Hapy’>XEHUs U pacCUMTHIBAETCS HOBOE OxuiaeMoe 3HaueHue RPN Taxke ¢ mo-
MOIIBIO TIOKa3zarenei O u S.

B cnyuae, ecniu RPN 1 m1060it U3 paccMaTpuBaeMbIX NMPUYUH CHOBA IPEBbI-
maet 36, To SKCrepTHas rpynmna GopMyIupyeT npeIynpekaaronue AeiicTBYs, a 3aTeM
OLICHUBAET YPOBEHb PUCKA MX HEBBIMOIHEHHS TEM ke crlocoOoM. U Tak mpogomkaercs
JI0 TeX MOp, 0Ka YPOBEHb PUCKA HE CTAaHET MIPUEMIIEMBIM M, CJIE€JOBATEIILHO, MTPETy-
NPEXIAIOLINE IeHCTBUSI — Pe3yIbTaTUBHBIMH.

[Tpumep ucnonb3oBaHus pa3paboTaHHON (OPMBI IPOTOKOJIA OLIEHKH PUCKOB
Ha KOHKPETHBIX MaTepuaiax MnpuBejeH B Ta0I. 4.

Tabnnuya 4 / Table 4

MpoTtoxon oueHku puckos Ne 1 ot ... (para) /
Risk Assesment Protocol #1 date dd/mm/yy “Agar medium does not solidify”

g OueHKa YPOBHA PHCKA HEBBINOTHEHHA NPEANPHATHEM
B npexynpexkgaomux aeicrsuit (IJT)
— 5 g g =
3 = 2 z Lo
s - ) g 2 2
g 54 £ 8 E g
B £ 5 g g = 2
s S 4 e = = =
3 o g 2 £ E 5| =
= - - = = 23 = =
s 2 2 == = T a -
&l Z z R z|E & S s 2 HES
£ 5 Olw|x 2§35 ol»|¥|E § g =4 s I
2] &~ == E a2 s =1 Z £ 2(E B
= g Z2¢g 5 5= = & Oln|x¥ = Z0 g
g = I 3R g8 s B & 2 al =
=] 1= =k = =
% g B EE- 55 g g| &
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< s § 2= s g 5 &
= £ z = g 2 =
£ 2 H 2 2 =
IS s 2 5 3
S M = ©
2 3
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TToaroe cobmoaenue Henocratounas
Tleperpes cpeas! BO BpeMa Havansank
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Ucnons3ys npunoxenune H (tabn. 3 CBenenust o BUaax HEIOCTATKOB, KOTOPHIE
MOT'YT UMETh MMHUTATEIbHBIE CPEbl, a TAKXKE O BEPOSTHBIX NPUUMHAX UX HATUUMS)
I'OCT 111333-2016 u pa3paborannyo (HopMy MPOTOKOJIOB OLIEHKH PUCKOB, a TaK¥Ke
MaTepHalbl SKCIIEPUMEHTA, MTPEICTABIICHHBIE B CTAThE BO3MOXHO MPOUIUIIOCTPUPOBATH
CKa3aHHOE Ha KOHKPETHBIX MpUMepax (cM. Tadm. 4).

3akiouenue. Ha ocHOBaHMM M3y4YEHHBIX JAHHBIX JTUTEPATYPHBIX UCTOYHUKOB
Obuta poBezeHa ananrtanys npuHipna CMK — pHCK-OpHEHTHPOBAHHOTO MBIIIIICHUS
u metoga FMEA 1y1st otieHKH prCKOB MPpU peau3aiiu mpoieccoB u3rotosnenus MIIC
B YCJIOBUSIX MHUKPOOHOJIOTHUYECKOH JTabopaTopuu (Ha IpUMEpE TBEP/IBIX arapoBbIX CPeN).

Pa3paboTansl popMBI IPOTOKOJIA OLIEHKH PHCKA M PACYETOB KOJTUYECTBEHHOU
OIICHKH YPOBHEW PHCKA, C IENbI0 ONPEIeICHUs] HEOOXOAMMOCTH MPEIYTPEHKTAIOIIIX
JNEWCTBUN M MX BBITIOJTHEHUS 11 MUHMMH3AIMH HETaTUBHBIX MOCJIEACTBUN PUCKA
B CJIydae ero OCYIIECTBJICHUsI C TIOMOIIBIO pa3paboTaHHBIX MPOTOKOIIOB. [lomyyeHHbIE
pe3yabTaThl MOKA3aIH, YTO JaHHAS METOJMKA MOXET OBITh YCIEUIHO BHEAPEHA U HC-
MOJIb30BaHa B 3asBJICHHON 00JIacTH.

© B.E. Hukur4enko, E.O. PoicuoBa, A.H. Yepusimesa, 2019.
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ANALYSIS AND PREVENTION OF RISKS IN THE MANUFACTURE
OF LABORATORY MICROBIOLOGICAL CULTURE MEDIA
BY FMEA METHOD

Vladimir E. Nikitchenko, Ekaterina O. Rystsova,
Anastasiya N. Chernysheva

Peoples’ Friendship University of Russia (RUDN University)
6 Miklukho-Maklaya Street, Moscow, 117198, Russian Federation

Abstract. At all stages of the production of microbiological nutrient media (MNM), the manufac-
turer, and in particular, the microbiological laboratories that manufacture the media on site, face many
operational risks. The presence of such risks, in almost every critical point of production and further
operation of the MNM, is due to the presence of common basic requirements for all MNM, which must
be taken into account and respected during their development and preparation; as well as the complexity
and laboriousness of the very process of manufacturing high-quality differential-diagnostic and other
nutrient media, requiring the availability of all the components necessary for preparing these media, equip-
ment, sterile conditions and qualified personnel. In this regard, there is a need to search for effective methods
to identify and prevent undesirable situations associated with the production and use of MNM. The aim of
this work was to adapt the risk assessment methodology based on the expert method for analyzing the types
and consequences of FMEA failures (Failure Mode Effect Analysis) set out in GOST R ISO 31010-2011
for the needs of microbiological laboratories, including those for veterinary and sanitary expertise, producing
microbiological nutrient environments and using them. As part of this work, a comparative analysis of risk
assessment methods was carried out in order to select the optimal one; adaptation of the QMS principle —
risk-oriented thinking and the FMEA method for risk assessment in the implementation of MNM manufac-
turing processes in a microbiological laboratory (for example, solid agar media); risk assessment protocol
forms were developed; calculations of a quantitative assessment of risk levels were carried out in order to
determine the need for preventive actions and their implementation in order to minimize the negative
consequences of risk in case of its implementation using the developed protocols. The results showed that
this technique can be successfully implemented and used in the claimed area.

Key words: microbiological culture media, veterinary and sanitary expertise, quality management
system (QMS), FMEA
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