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Fny6okoyeaxaembie konneau!

Mpurnawaem Bac npuHate yqactue B Xl MmexayHapoaHon Hay4HO-NpakTU4EeCKon KoHhepeHuuu:
«Coapemeunble TeHaeHUuuMun B cenekumu, cemeHoBoncTee U ToBapHOM NpounseBoacTee
OBOLLHbIX, 6ax4yeBbIX U UBETOUYHbLIX KynbTyp. TpaauumMmn, COBpeMeHHOCTb, NepCcnekTUBbI»,

nocesweHHon 105-netuio ocHoaHua IEHY «PenepansHblil HayYHBIN LeHTp osowesoacTeay (BHUMCCOK),
KoTopas coctoutcs 8-12 ceHTabps 2025 roga.

OCHOBHbIE HAMNPABJIEHUA KOH®EPEHLIUMK:

1. Teopusi, cuctematuka, reHeTka, UMMYHWUTET, METOAbl CO3AaHust U MAEHTUMMKALUMM MCXOAHOro maTtepuana ans
CEMNeKUMM OBOLLHBIX, BaX4YeBbIX 1 LIBETOUHbIX KyNbTYP.

2. MNpuopuUTeTHbIE HaNpaBneHus cenekumn B yCrnoBUAX COBPEMEHHOTO PblHKa AN 3aLUMULLEHHOIO U OTKPLITOrO rpyHTA.

3. TexHonorus Bo3aenblBaHWMA OBOLUHBLIX, Bax4yeBblX, LBETOMHBLIX KyneTyp u rpubos, ocobeHHoCTU nepepaboTku K
XpaHeHus.

4. OpraHn3aunoHHO-9KOHOMUYECKWE acrneKkTbl CEenekuy, CeMeHOBOACTBA W TEXHOMOrMU BbipallUVBaHWSA OBOLLHbIX,
HaxueBbIX U LIBETOUHbLIX KYNbTYpP.

B pamkax koH(hepeHUuM GyaeT NpoxoanTb MeToan4ecKkas KOMMCCUS
no cenekuMm 1 CEMeHOBOACTBY KanyCTHbIX KynbTyp.

Pabouune a3bikn KoHthepeHUnK —pyCcCKUA N aHIMUACKWA,
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Ten. +7- 926-375-52-47
l'ypkuHa Nio6oBb KupunnoBHa - KaHAMAAT C.-X. HayK, y4eHbin cekpetaps PIEHY OHLIO;

Ten. +7(495)-594-77-07

OmeemcmeeHHbIl 3a npuemM u nybnukayuro Mamepuasnos:
TapeeBa MapuHa MuxainoBHa - kaHauAarT c.-X. Hayk, 3ae. usgarenscrtesom ®BHY ®HUO;
vegetables.of. russia@yandex.ru
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ABSTRACT

The isolation of protoplasts from diverse plant species is a widely employed technique. The pur-
pose of this work is to develop an efficient system for isolating and purifying mesophyll proto-
plasts from Daucus carota. Main factors influencing the qualitative and quantitative dimensions
of protoplast isolation procedures attempted to be optimized, using the well-established proto-
plast fusion technique as the foundation for the comprehensive analysis, including sorbitol con-
centration during the preplasmolysis stage and the duration of the enzymolysis process, those
key variables affect the yield and survivability of the protoplasts. This research employed "Vil-1"
carrot leaves as the primary source material to isolate protoplasts through enzymolysis. The data
revealed that higher concentrations of sorbitol led to increased protoplast yield, with the optimal
concentration being 0.5 M, which resulted in up to 95% protoplast vitality. Furthermore, prolong-
ing the enzymolysis duration to 6 hours maximized both protoplast yield and vitality. The optimal
conditions for isolating protoplasts were determined to be 0.5 M sorbitol pre-treatment for one
hour, combined with a mixture of 1% cellulase, 0.1% pectinase, and a 6-hour incubation period.
KEYWORDS:

Daucus carota, Protoplast, Enzymolysis, Preplasmolysis, Vitality, Viability

OnTumarnbHble napameTpbl
0N5 M30MsALUMKM NPOTOMNACcTOoB
Me3ogunna MOpPKOBHU In Vitro

PE3IOME

BbigeneHue NnpoTonnacToB U3 pa3nuyHbIX BUAOB PacTeHUN AIBASIETCS LWMPOKO UCMONb3YeMbIM
meTofoM. Llenbto aaHHOM paboThl ABNAeTCA pa3paboTka apheKTUBHON CUCTEMBI BbiAeneHuns
M OuYUCTKM npoTonnactoB Me3odmnna Daucus carota. OCHOBHble ¢haKkTOpbl, BNUSAOWME Ha
KayeCTBEHHbIe M KONUYECTBEHHbIEe MapaMeTpbl npoueayp BbigeneHUs NpoTonnacToB, NbiTa-
NUCb ONMTMMMU3UPOBaTb, UCMONb3YSl XOPOLIO 3apPeKOMEHAOBABLUYH Ce0A TEXHWUKY CIMSIHUA
NPOTONNacToB B KayecTBe OCHOBbI Al BCECTOPOHHEro aHanu3a, BKNoYas KOHLeHTpauuto
copbuta Ha cTaguu npegnnasmonusa W NPOJOMKMTENILHOCTb Npouecca (hepMeHTaTUBHOW
06paboTKM. ATU KNOYEBbIE NEPEMEHHbIE BIMAIOT HAa BbIXOA U BbDKMBAaE@MOCTb NPOTOMNNACTOB.
B paHHOM uccnegoBaHWM Ans BbiAeNeHUA NPOTONNAcTOB METOAOM (pepMeHTaTUBHOW 00Opa-
60TKM Mcnonb3oBanucb NUCTbA MopkoBu copTta «Vil-1» B KayecTBe OCHOBHOFO WCXOAHOrO
matepuana. lonyyeHHble JaHHbIe MOkKa3anu, YTo 6onee BbICOKas KOHLEHTpaUus copbuTa npu-
BOOMT K YBENUYEHWUH BbIXoA4a MPOTONNAcToOB, NMPU 3TOM ONTMManbHOW KOHLeHTpauuen
ansetca 0,5 M, uto obecneunBaeT xu3Hecnoco6HocTb Ao 95% npotonnactoB. Kpome Toro,
yBenu4yeHne NPoAoKNTENIbHOCTN hepmeHTaTUBHON 06paboTkM ¢ 2 A0 6 YacoB MaKCMManbLHO
yBenuYMBaro Kak BbIXof NPOTONNAcToOB, Tak U MX XuU3HecnocobHocTb. Hanbonee 6naronpu-
ATHBIMK YCNOBUSIMU ANSA pa3geNieHuss NpoTonNacToB Obiu onpefeneHbl NpeaBapUTeNnbHas
obpa6oTka 0,5 M copbuTom B Te4eHMe OJHOrO Yaca B coYeTaHUU co cMecbio 1% uenntonasbl,
0,1% nekTWHa3bl 1 6-4acoBbIM NEPUOAOM UHKyGaLMK.

KNOYEBBIE CJIOBA:

Daucus carota, npotonnact, chepmeHTaTUBHass 06paboTka, npennasmonus, BbRKMBAeMOCTh;
BbIXOZ, MPOTONNacToB
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Introduction:

arrot, scientifically classified as Daucus carota, is one of

the most widely grown and economically significant root
vegetables globally. Carrots frequently serve as a prototypical
plant in biotechnological research applications, and in vitro tech-
niques have introduced novel strategies for advancing agricul-
tural development. Researchers have developed a variety of
new approaches to further elevate the commercial value of crop
species to augment productivity. Consequently, the genetic
diversity and domestication history of carrots have been widely
investigated, with studies characterizing regions of the genome
that have undergone selection during the transition from wild to
cultivated forms [1, 2].

The investigation of plant protoplasts has origins dating back
to the 1960s, when the British botanist Cocking utilized enzymat-
ic deconstruction of the cell wall to extract protoplasts from the
apical portion of tomato plants [3]. Since then, protoplast
research has undergone a period of rapid advancement. For
example, in 1970, Nagata and Takeble reported the successful
isolation, cultivation, and regeneration of plants originating from
the palisade tissue of tobacco mesophyll protoplasts [4]. In 1972,
Carlson utilized the protoplast fusion technique to generate the
initial interspecific hybrids derived from tobacco. This enabled
Carlson to obtain somatic hybrids, circumvent the incompatibili-
ty associated with sexual hybridization to a certain degree, and
uncover a novel method for producing and breeding varieties
exhibiting innovative characteristics [5] in the following decades,
protoplast isolation, culture, and plant regeneration has been
broadly examined and applied for various plant species, and
they have turned into an imperative device in plant biotechnolo-
gy and plant molecular science. Protoplasts, which lack the cell
wall and encompass the cellular contents and plasma mem-
brane, represent the fundamental living components of a plant or
bacterial cel, the cytoplasm of these cells is typically a complex,
viscous, and dense liquid that houses various organelles and
inclusions. Plant protoplasts provide an exceptional unicellular
system that facilitates diverse facets of modern biotechnology.
The lack of cellular wall of protoplasts allows for their frequent
utilization in somatic mutation techniques, cell fusion, and genet-
ic transformation to produce novel plant varieties, this necessi-
tates the procurement of substantial quantities of highly active
protoplasts [6]. However, the regeneration of intact plants from
protoplasts remains difficult and highly variable across plant
species.

Protoplast technology has witnessed remarkable advance-
ments and has garnered substantial interest within the academ-

—

Fig. 1. (a) carrot seed under the microscope after 3 days of cultivation, (b) 5-week-old seedlings,

ic and researchable community. For the techniques of somatic
hybridization, cybridization, or even direct gene transfer by pro-
toplast fusion, the establishment of a reliable and effective plant
regeneration system is necessary to facilitate plant develop-
ment, the profitable application of in vitro methods requires the
maintenance of high regeneration rates, but this can be limited
by the decline of the genetic instability, especially in callus cul-
tures [7].

In the present paper, the main factors that affect the isolation
and purification of mesophyll protoplasts from carrot were deter-
mined, which include the optimal sorbitol concentration through
preplasmolysis and incubation time in the enzymatic mixture to
explored their influence on the integrity and output of carrot pro-
toplasts. The developed system exhibits reliability, yields consis-
tent outcomes, and serves as an experimental platform for
investigations involving carrot protoplast cells, which can guide
the development of genetic programs and the production of
novel hybrids.

Materials and Methods

The in vitro plantlets of Vil-1 carrot line (originating from the
germplasm collection of the N.N. Timofeev Breeding Station)
were used as the protoplast donor. Plant material was aseptical-
ly obtained by implementing sterilization process for the seeds
after being incubated in water bath for 10 min at 50°C. The
seeds were germinated using hormone-free solid Murashige and
Skoog MS medium [8], containing 30 g/l of sucrose and 6.5 g/l
of plant-derived agar, Petri dishes were then removed to
incubation chamber at 24 + 1°C in the dark for one week, permit-
ting the seeds to germinate and develop under these regulated
parameters (Fig. 1, a). The seedlings were transferred to the
same MS medium supplemented with 0.1 mg/L pyridoxine
hydrochloride, 0.1 mg/L thiamine hydrochloride, 0.5 mg/L nico-
tinic acid, 3.0 mg/L glycine, 100 mg/L myo-inositol, 20 g/L
sucrose, and 2.5 g/L phytagel, then maintained in a temperature-
controlled environment at 24 + 1°C.

Isolation and Purification of Protoplasts:

5-week-old carrot plantlets (leaves and petioles) (Fig. 1, b)
were employed for protoplast isolation, this process was per-
formed as described by Baranski et al. [9] with few modifications.
Briefly, plant tissues were gently chopped into fine pieces, for
preplasmolysis the sample was subsequently combined with 8
ml of sorbitol solution with different concentrations (0.3, 0.5 and
1 M sorbitol 0 M as control + 0.05 M CaCl,.2H;0), replicated in
triplicate, and incubated for 1 hour in the dark at a temperature

A R e - ‘ ’
(c) and (d) the plant tissues after plas-
molysis showing the contraction of intracellular plasma as a result of losing water (Scale bar =50 um, with 40% objective)

Puc. 1. (a) cemeHa Mopkogu nod Mukpockornom nocsie 3 Hell KynbmueupoeaHusi, (b) 5-HedenbHble npopocmku, (c) u (d) pacmumernbHbie
mKaHu nocJie rnia3Mosiu3a, rnokasblearoujue CokpaujeHue e HympukiemoyHol nna3mbl 8 pedysbmame nomepu eo0bl (MacwmabHasi
nuHetika =50 MKM, ¢ o6bekmueom 40x)
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of 24 + 1°C. Plasmolysis is a typical physiological response of
plant cells to hyperosmotic environmental stressors. The loss of
internal hydrostatic pressure, known as turgor, prompts the liv-
ing protoplast to retract forcefully from the cell wall (Fig. 1, c and
d). The vacuole plays a central role in facilitating this process.
Notably, plasmolysis is a reversible phenomenon that occurs in
living plant cells [10].

To investigate the optimal duration for enzymolysis, the tissue
samples were incubated at 24+1°C in the dark for 2, 4, and 6
hours (replicated three times respectively) with gentle agitation
using enzyme solution composed of 1% (w/v) cellulase Serva,
0.1% (w/v) pectinase Rohament p5, 20 mM 2-(N Morpholino)
ethanesulfonic acid (MES, Panreac), 5 mM CaCl,.2H,0, and 0.6
M mannitol the solution pH was adjusted to 5.6 and cold filter-
sterilized (0.22 pm, Millipore).

After enzymatic cell wall digestion, the solutions were filtered
through 100 ym and then 40 ym nylon mesh into new Falcon
tubes, 3 ml of 0.5 M mannitol-D solution was added too. The
resulted solution was then centrifugated at 150 RCF for 10 min-
utes, with the resulting supernatant being discarded. The sedi-
mented material at the base of the centrifuge tube comprised the
protoplasts, which were then subjected to two consecutive
washes in 2 ml of MMG solution (4 mM MES buffer at pH 5.7,
0.6 M mannitol, and 15 mM MgCl,) with centrifugation for 5 min
after each wash using the same relative centrifugal force.

Quantification of obtained protoplasts yield

The isolated protoplasts were diluted to an appropriate con-
centration and enumerated using a light microscope and a
hemacytometer to evaluate the statistical properties of the pro-
toplast yield. Each sample was assessed through no fewer than
three cell enumeration processes. The protoplast production
yield was calculated as a ratio using the following equation:
Protoplast yield (protoplasts/g FW) = Quantity of protoplasts
generated during enzymolysis /fresh weight of the material
employed in enzymolysis (g FW).

Assessment of protoplast survivability
The viability of the protoplasts was determined using the flu-
orescein diacetate FDA staining method. The protoplast viability
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was calculated as a percentage of the total protoplasts observed
as following. Protoplast viability (%) = (the observed fluorescent
protoplast count / the total number of protoplasts observed in the
microscopic field of view) x100%.

Statistical Analysis and quantitative examination

The experimental data were statistically analysed employing
Microsoft Office Excel 2021 and PAST version 2.17c. The signif-
icance of the experimental variants was evaluated using the
least significant difference LSD test at a threshold of p<0.05.

Results

The effects of sorbitol pre-treatment concentration on proto-
plasts yield and viability

In this study, sorbitol served as the sole osmotic agent.
During the pre-treatment phase, the yield of free protoplasts var-
ied significantly under different sorbitol concentrations of 0.3,
0.5, and 1 M, with 0 M as a control where pre-treatment was not
applied. The protoplast yield increased considerably as the sor-
bitol concentration rose, achieving the maximum yield of 3.41 x
1075 protoplasts per gram of fresh weight at 1 M sorbitol
concentration (P < 0.05) after 4 hours of enzymatic treatment
(Fig. 2). The viability of the protoplasts demonstrated a compa-
rable trend, yet exhibited a marked reduction when the concen-
tration surpassed 0.5 M. The vitality attained 95% at 0.5 M (P <
0.05) with a digestion time of 6 h. As the sorbitol concentration
and enzymolysis duration increased, the protoplast activity
decreased. At 0.3 M, the yield and activity of the protoplasts
were at their lowest. These results indicate that the optimal sor-
bitol concentration for pre-treatment was 0.5 M, which achieved
the highest protoplast yield and activity.

According to the results of statistical analysis (Table 1), there
is no significant difference in protoplast vitality at 0.5 M of sor-
bitol concentration followed by 4 and 6 h of digestion, or even at
0.3 M with 6 hours of digestion.

The influence of enzymolysis time on protoplast isolation
The study examined the influence of the duration of enzymat-
ic cell wall digestion (enzymolysis) on the yield and viability of
protoplasts. The protoplast production and viability were

Table 1. The influence of sorbitol pretreatment concentration and digestion time on the protoplast yield and vitality as a result of the statistical analy-
sis of PAST 2.17c¢ the least significant differences between the experimental variants LCD at a level of p<0.05
Tabnuya 1. BnusiHue KOHUeHmpauuu npedeapumesibHoli 06pabomku copbumom u epemeHu copaxueaHusi Ha 8bIX00 MPOMONIacmoe U ux
Ju3HecnocobHocmb. B pesynsmame cmamucmuyeckoz2o aHanu3a PAST 2.17¢c HauMeHbWwue 3Ha4yuMble pa3nuqusi Mexoy aKkcrnepuMeHmanbHbIMU
eapuaHmamu XK npu ypoeHe p<0,05

Prg’tgcregltr:::?nt Enzgz?;oelysis Prg:c:p{agsftrseg:‘eld of frl‘luuonr‘::éent Prvoiigﬁ:;St

concentration weight protoplasts
0.3 M 13800+1818e 9993.33+1350f 72.46+2¢
0.5M 2h 35133.33+5402de 30272.33+5218ef 85.68+2bcd
1™ 38666.67+1832de 31807.33+1262ef 82.35+2bcd
0.3 M 47166.67+3226de 37703.67+2874ef 79.86+1de
0.5M 4h 76366.67+3634cd 68762.33+4314de 89.91+1ab
1M 340600+22010a 277512+13607a 81.66+2cd
0.3 M 119700+13369bc 105986+12184cd 88.48+1abc
0.5M 6h 151000+4513b 143483.67+4908¢c 95a
1M 286733.33+18751a 228593.33+13946b 79.77+1de
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Fig. 2. Depicts the influence of sorbitol concentration on the yield
and viability of carrot protoplasts (P<0.05), as assessed by the
LSD test. The values shown represent the mean * SD (n = 3)
standard deviation
Puc. 2. loka3aHo enusiHue KOHYeHmpayuu copbumorsa Ha 8bixod
U Xu3HecrnocobHocmb npomonmniacmoe mopkoeu (P<0,05), kak
6b110 oyeHeHOo ¢ nomowbto mecma LSD. [TpueedeHHble 3Ha4YeHuUsI
npedcmaensitom coboli cpedHee * SD (n=3) cmaHGapmHoe
OMmkKJIOHeHuUe

assessed at 2, 4, and 6 hours of enzymolysis. A brief 2-hour
enzymolysis period resulted in the release of only a small nhum-
ber of protoplasts. As the enzymolysis time was extended, the
protoplast yields gradually increased. Notably, a 4-hour enzy-
molysis period led to a dramatic rise in protoplast output, with
viability reaching approximately 90% (Fig. 3). An enzymatic incu-
bation period of 6 hours produced the highest protoplast yield

400000 ’_‘4’“\\ 100
300000 f 80
60
200000
40
100000 -
0 0

2h 4h 6h

= Protoplast yield Protoplast vitality

Fig. 3. The influence of enzymolysis duration on protoplast yield
and protoplast vitality of carrot. (P<0.05) per the LSD test. The val-
ues presented denote the mean * SD (n=3) standard deviation
Puc. 3. BnusiHue npodomkumenbHocmu ¢hepMmeHmHol o6pabom-
KU Ha e8bIX00 MPOMOoIIacmoe U Uu3HecrnocobHocme
npomonnacmoe mopkoeu. (P<0,05) coenacHo mecmy LSD.
lpedcmaeneHHble 3Ha4YeHUs1 o603Haqarom cpedHee * SD (n = 3)
cmaHOapmHoe OMK/IOHeHue

(3.41 x 10° protoplasts/g FW), yet this was accompanied by
decreased viability and the accumulation of enzyme solution
fragments, suggesting that a substantial number of protoplasts
had been disrupted.

Protoplasts displaying a large, spherical morphology were
observed under optimal microscopic conditions. Viable proto-
plasts demonstrated green fluorescence when examined using
fluorescence microscopy. The micrographs in Figure 4 depict
the protoplasts, they displayed a sturdy and well-delineated
spherical morphology (Fig. 4, a and b), which is indicative of
physiologically sound and viable protoplasts. Fluorescence
microscopy revealed a green fluorescent signal, which further
validated the viability and structural soundness of the protoplas-
ts (Fig. 4, c).

Discussion

The seminal work of Cocking, outlining a technique for the
isolation of plant protoplasts, was first published over six
decades ago [11]. Protoplasts, which lack cell walls and are
therefore osmotically sensitive, serve as a versatile experimen-
tal system for investigating the mechanisms underlying mem-
brane permeability and osmoregulation in plant cells [12]. High-
quality protoplasts are often essential for efficient expression
systems. While numerous investigations of isolated protoplasts
have been carried out in model plant species, fewer studies
have focused on carrot protoplasts. To achieve high-yielding,
high-quality carrot protoplasts, the researchers in this work
examined the most influential factors, with a particular focus on
the impacts of sorbitol concentration and enzymatic hydrolysis
duration. The average protoplast isolation resulted in a yield of
1.14 x 105, exhibiting a viability of up to 92%.

Protoplasts can be extracted from a variety of plant tissues,
including leaves, shoot apices, roots, coleoptiles, hypocotyls,
petioles, embryos, pollen grains, and calli. Leaves are often the
preferred source for protoplast isolation due to their diverse ori-
gin and the free arrangement of mesophyll cells [13]. However,
the presence of rigid cell walls presents a significant challenge,
as the walls must be enzymatically degraded to facilitate proto-
plast extraction [16]. Existing research indicates that the duration
of carrot culture influences the yield of protoplasts. If the culture
period is less than 1-2 weeks, the material is too immature to
effectively control the enzymatic digestion time, leading to a sub-
stantial number of dissociated fragments that can complicate
subsequent genetic transformation efforts [12]. The impact is not

Fig. 4. The Isolated carrot protoplasts. (a) using 0.5 M sorbitol and enzymolysis time for 4 h; (b) 0.5 M sorbitol and 6 h; (c) Green fluores-
cence of viable protoplasts after FDA staining
Puc. 4. U3onupoeaHHble npomonniacmbsl MOPKoeu. (a) ucrossb3oeaHue 0,5 M copbuma u ¢ghepmeHmHoli obpabomku e meyeHue 4 4; (b)
0,5 M copbuma u 6 4; (c) 3eneHasi ¢hriyopecyeHyusi XUu3HecrnocobHbIX npomorniacmos rnocse okpawusaHuss FDA
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readily discernible, even when monitoring the concentration of
the enzyme solution. If the culture duration surpasses 5 weeks,
the enzymatic digestion time should be extended; nonetheless,
the temporal variations are attributable to inconsistencies in leaf
maturity, which may result in the rupture and disintegration of
recently isolated protoplasts, potentially compromising down-
stream experiments [12]. The research has concluded that the
optimal incubation period is between 4 and 5 weeks, with 5
weeks being the most effective duration. In order to attain the
optimal yield and quality of protoplasts within this research
study, leaf material from 5-week-old carrot plantlets was utilized.
The researchers found that the 5-week incubation period result-
ed in the most robust and productive protoplast cultures,
enabling them to obtain high yields of these essential plant cells
for further study and experimentation.

An osmotic stabilizer is required to provide osmotic support to
the protoplasts. The type and concentration of the osmotic agent
impacts the plasmolysis process during protoplast isolation,
which aids in preserving the turgor pressure of the resulting pro-
toplasts [14] Hyperosmotic stress leads to the rapid efflux of
water from the cell, causing the protoplast to detach from the cell
wall. Since no protoplast could be separated without plasmoly-
sis, as demonstrated in the control sample, the osmolarity of the
isolation solution had a significant impact on the protoplast yield
and this could be achieved using sorbitol or mannitol. Thus, the
leaves of Daucus carota were immersed in a sorbitol solution for
one hour prior to protoplast isolation. The results demonstrated
that the stability and metabolic activity of the protoplasts were
substantially enhanced following this pretreatment with 0.5 M
sorbitol.
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all viability decreased. Therefore, the optimal enzymolysis time
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The current research only covers the primary elements that
impact protoplast separation. The enzymatic conditions, including
the pH of the digestion medium, the purity of the enzymes used,
the temperature, and the growth parameters of the plant material,
warrant further consideration. More comprehensive investigations
are required to optimize the yield of protoplast isolation.
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[lock reHOTUMNOB nepLa
C BbICOKOW aJanTUBHOM
CMOCOOHOCTBIO K HOYHbLIM
HU3KUM TemnepaTtypam
Ha OCHOBE M3y4YeHUS
comamonormyecknx 0CobeHHOCTEN

PE3IOME

AkTyanbHocTb. [nobanbHble N3MEeHeHUs KnMmarta, XxapakTepuaytowuecs konebaHusamu Temne-
paTyp, yBenMYeHMEM YacTOThbl IKCTPEeMalbHbIX TEMNepaTypHbIX AIBNEHUNA, TaKUX Kak TENJI0BOM
1 XOIOA0BOMN CTPECC, CTAHOBATCSA CEPLE3HOM Yrpo30W ANs YPOXKaNHOCTU CENbCKOXO3ANCTBEH-
HbIX KynbTyp. B paHHOW cTaTbe npeacTaBneHbl pe3ynbTaTbl UCCNEAOBaHUA afanTUBHbIX
CBOMCTB Pa3NUYHbIX FTEHOTUMNOB NepLa K HU3KUM HOYHbLIM TeMNepaTypam Ha OCHOBe UX ¢hn3mno-
NOTMYECKMX XapaKTepUCTUK, YTO SIBISIeTCA akTyanbHON paboToi B 06nacTi cenekumu pacre-
HUIA.

Matepnan n meTtoabl. dkcnepuMeHTanbHbIA AW3aliH 3TOro MccnefoBaHUs Obin NONHOCTbLIO
PaHAOMU3NPOBaHHLIM U UCMONb30Banack CTporas MeToAuKa M3MEpPeHWi penpomyKTUBHBIX
napameTpoB y 39 reoHTMNOB nepua. CaxeHUbl Nnepua BbICaXWBaNM B 0AUHAKOBON CXeMe B Ten-
nuuax ¢ pasHbiMu TemnepaTypHbiMu pexumamu (10°C n 15°C), n ans kaxgon U3 Tpex He3aBU-
CUMbIX GMOMNOrNYecKkUx NOBTOPHOCTU CryyaliHbIM 06pa3oM BbIGMpanu No Tpu pacTeHus u3
[ecsiTH, YToObI U3MepUTL NapaMeTpbl penpodyKTUBHbLIX opraHoB. COOp AaHHbIX M cTaTUCTMYe-
CKMIA aHanm3 NpoBoAuUIcA ¢ obLiee NPUHATLIMM METOAAMM.

PesynbTarthl. YCTaHOBMEHO, YTO HM3KMWE HOYHbIE TeMNepaTypbl CYLLECTBEHHO BIUSKOT pasBu-
TUA PenpoayKTUBHbLIX OPraHOB M CHUXAKT YPOXKANHOCTb GONbLIMHCTBA reHOTUNOB, OJHAKO
“NW Bigarim” u “Desi” nposiBunu ycTtoM4mBoCTb K XONOAOBOMY cTpeccy. [eHoTUnuyeckas
3aBMCMMOCTb peakLun pacTeHUin NoATBepkAaeTcs MeHbLUEN YyBCTBUTENbLHOCTLIO FEHOTUNOB
“Nikar” n “Dar Tashkenta”. TemnepaTypHbIii CTpecc yMeHbLUan pasmep NioAoB U cnoco6cTBo-
Ban (hopMMpPOBaHMIO GeCCEMSIHHbIX 3K3eMMNApoB, HO y reHotuna “Monori tf.”, HanpoTuB,
KONMYECTBO CEMSH YBennunnoch. MonyyeHHble AaHHbIE NOJYEPKUBAIOT 3HAYUMOCTL OTOOpa
YCTONYMBbLIX FeHOTUNOB AN CeNIeKLMU M YCNELWHOro BbipalyBaHUsa nepua B YCIOBUSIX MOHU-
XEeHHbIX Temneparyp.

KNOYEBBIE CIIOBA:

nepew, reHOTUN, TemMnepaTypa, LBeTbl, NNoAbl, ypOoXXalHOCTb

Q08

BY NC

Search for pepper genotypes with
high adaptive ability to low night
temperatures based on the study
of physiological characteristics

ABSTRACT

Relevance.

Methodology.

Results.

This article presents the results of a study on the adaptive properties of various pepper genotypes to
low nighttime temperatures (LT) based on their physiological characteristics. It was found that LT
slow down growth and reduce yield in most varieties; however, C22 and P08 exhibited resistance to
cold stress. The genotypic dependence of plant response is confirmed by the lower sensitivity of vari-
eties C17 and P06. Temperature stress reduced fruit size and contributed to the formation of seed-
less fruits, whereas in variety C12, the number of seeds increased. The obtained data highlight the
importance of selecting resistant genotypes for breeding and successful pepper cultivation under
low-temperature conditions.

KEYWORDS:

pepper, genotype, temperature, flower, fruit, yield
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BeepeHue
I—Iepubl ABMSIOTCA TENMOnoOMBEIMUA KyIbTypamu, YyBCTBUATENb-
HbIMW K HU3KUM TemrepaTtypam, KOTopble MOryT OKasblBaTb

3HauMTEnNbHOE BIMSIHWE Ha WX POCT U pa3suTUe. Huskas Temnepartypa
ABMSAETCA BOXHENLLMM (haKTOPOM, BMMSIOLLIMM Ha pocTa 1 passuTus. B
YCINOBUSX U3MEHEHUS KIMMaTa BEPOSTHOCTb BO3HWUKHOBEHUS 3KCTpe-
MarnbHbIX TeMnepaTypHbIX KorebaHuii Bo3pacTaeT, YTo [enaeTt 3ToT
dhakTop eLué bonee akTyanbHbIM A1 CEMbCKOro Xo3sancTaa [1-3].

HouHble HU3KMe TemnepaTypbl OKasblBalOT 3aMETHOE BrMsSHUE Ha
npopactaHue CemsiH, pocT paccafbl, MOponornio NUCTLEB, BereTa-
TUBHbIX U reHepaTVBHBLIX OPraHoB MepLa B pasHblX CTagusx pasBuTUS
[4-11].

ApanTauus pacTeHui nepLes K TemnepaTypHbIM CTpeccam 3aBUCUT
OT Liernoro psiga hakTopoB, Cpeamn KOTOPbIX MOXHO BbIAENUTL 0COOEH-
HOCTU MeTabonmama, aHTUTENECHbIX U aHTUOKCUAAHTHBIX CUCTEM, a
TakKe Posib OCMOSUTOB Y TEPMOLLIOK-NPOTENHOB [12-14]. 3T Groxmmm-
Yeckne KOMMOHEHTLI MOMOratoT pacTeHNAM NOAAEPXKUBATL KIETOUHbIE
CTPYKTYpbl 1 0OMEH BeLLECTB B yCroBusix cTpecca. OgHako Anst co3na-
HUS1 YCTOWYMBBLIX COPTOB HEOOXOAMMO HE TOMNBKO MOHNMAaTh MEXaHN3MbI
afanTaumm, Ho 1 3 dEKTUBHO NPUMEHSTb 3TU 3HaHUS B CENEKLMOHHBIX
nporpaMmax, MHTerpupys ouavonormyeckme 1 GroxXMMmnYeckme JaHHbIe
C arpOHOMUYECKVMU XapaKTepUCTUKaMUN PaCcTEHWN.

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

Takum 00pas3oM, CyLlecTByeT HeoOXOAMMOCTb B AarnbHeulleM
U3YYEHWM (PU3MOMOTMYECKIX acTIEKTOB peaKLMn Ha HU3K/e Temnepaty-
pbl Y FEHOTMMOB MepLa ¢ pasnyHbIMM TUNamu NIofoB. MoaToMy cenek-
LMOHHas nporpaMmMa Asisi Co3[aHust COPTOB MepLia C YCTOMYMBOCTBIO K
HU3KVM TeMepaTypam [OoSKHa COCPEA0TOUUTLCSA Ha HOYHOM TeMnepa-

Type.

Matepuanbl U MeTogbl UCCNIE0Q0BaHUIA

B aTom nccnepoBaHny oueHMBanach peakuyst 39 reHoTUnoB nepua
BKIKOYas Kak ocTpble, Tak 1 nepew, 6onrapckoro (Tabnumua 1) Muposoro
reHodoHZa HaumoHanbHOro Hay4HO-VCCrefoBaTENbLCKOTO MHCTUTYTA
NroJOOBOLLEBOACTBA W NEKAPCTBEHHBIX pacTeHnin Pecnybnukm Kopes
Ha HOYHble HM3KME TemnepaTypbl. BblMn OueHeHbl penpoayKTVBHbIE
napameTpbl: Tak1e Kak KOnM4yecTBO LiBETOB, KOIMYECTBO MIOA0B, Ypo-
XalHOCTb, AnameTp nrofa, AnvHa nrofa, Bec nnopa, KonmMyecTBO
ceMsiH B nnogax Ha 120-1 aeHb nocne Nocaaku.

CemeHa Obinm nocesiHbl B 10Tk 28 ceHTsopst 2020 roga. [Ans npo-
paLLmMBaHUs UCMONb30BaSIUCh NIacTUKOBbIE NTOTKY pa3mepoM 52x26 cm
C siyelikammn 6x6 cM. 3T NOTKM ObinNn NoMeLLeHbl B TeNuLy, rae noa-
JepxvBanach ontumarnsHas Temneparypa (26/18°C gHeM 1 Houbto) U
OTHOCMTENbHAsA BNaxHOCTb (65-70%). PacTeHnam exxenHeBHO npeno-
craBnsancs nuTp Bogbl. Mocne neproaa pocra u pa3suTtus paccasl, 13

Tabnuya 1. Cnucok 2eHomunoe nepya Capsicum annuum L. ocmpozo u nepey, 6os12apcko2o
Table 1. List of genotypes of Capsicum annuum L. hot pepper and bell pepper

®dopma nnoaa ID Homep Homep Ha3BaHue copra
20LTO1 C01 Kobra
20LTO02 C02 Bekesi tf.
20LTO03 C03 16HT9
20LTO04 C04 16HT7
20LTO5 C05 Local ladozhskiy
20LTO7 C06 16HT1
20LTO08 co7 AVPP1248
20LT09 Co8 AVPP1249
20LT10 C09 Yeongyang haneulcho
20LT11 C10 Jeonbuksunchang-1985-gochu102827
20LT12 C11 Jeonbukimsil-1985-gochu105233
20LT13 C12 Monori tf.
20LT14 C13 BGH 1806

Mepey ocTpbin 20LT16 C14 Ardei Lung Plovdiv
20LT19 C15 Mie-Midori
20LT27 C16 Bandung Jaelaejong
20LT28 C17 NIKAR
20LT29 C18 256
20LT30 C19 N2
20LT31 C20 N32
20LT32 C21 Kukon
20LT36 C22 NW Bigarim
20LT37 C23 Bigstar
20LT38 C24 Noggwang
20LT39 C25 Cheongyang
20LT40 C26 Kalcho
20LT41 C27 Samcheok Jaelae
20LTO06 PO1 Vanity
20LT15 P02 Sredneaziatskiy sladkiy
20LT17 P03 Beliy krugliy
20LT20 P04 Sweet chocolate
20LT21 P05 Urias Dulce

TG (T 20LT23 P06 Dar Tashken.ta . ‘ ‘

20LT24 P07 Krupnoplodniy udlinennokonicheskiy
20LT25 P08 Desi
20LT33 P09 Bogatyr
20LT34 P10 Macho
20LT35 P11 Gourmet F4
20LT42 P12 Zheltiy
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Hos6ps1 2020 rofja pacTeHust Obiny nepecaxeHbl B ABE TeMNuUbl 13
NONUSTUNEHOBOW MINEHKN ANs AanbHENLIEro NCCNenoBaHms.

[Onsa co3gaHnsa onTMMarnbHbIX YCIIOBUIA B MIIEHOYHBLIX Tennuuax, B
KOTOPbIX NMPOBOAMICS 3KCIEPUMEHT, CaXkeHLbl NepLia BbiCaXuBanu Mo
10 pacreHuin Ha obpasel Ha paccTosHum 1,5 M x 35 cm Mexay pacre-
HuamMM. C Lenbio afanTauum pacTeHUn K HOBbIM YCIOBWSIM, MEPBYHO
HEOento HovHas TemnepaTtypa nofdepxviBanack Ha yposHe 15°C B
obeunx Tennuuax, nocrie Yero oHa oObina cHkeHa ao 10°C B Tennumue ¢
Hu3Kol Temnepatypoli (LT) n octaeneHa Ha ypoHe 15°C B KOHTPOIb-
Hom Tennuue (CT). B pucyHke 1 npefcTaBneH AaHHbIE AHEBHOTO U HOY-
HOro TEeMMepaTypPHOro pexviMa 3a NEPUOL, Beretaumm pacTeHuii nepua.

MogroToBKka MOYBbI B TEMNMLAX, hepTUraLmsi, KOHTPOrb 3a pacrpo-
CTpaHeHVeM BpeauTenen 1 bonesHen 1 TemMnepaTypHbIi PeXUM ocy-
LLIeCTBIIEHA COrfiacHO paHHee onMcaHHbIM MeTogam [16].

[Ona aHanu3a penpoayKTUBHBLIX MapameTpoB Mepua WCronb3oBa-
nack cTporasi MeToauka naMepeHuin. CopT nepua BbiCaxkuBanu B 0au-
HaKOBOW CXeme B Tennuuax ¢ pasHbIMi TeMMepaTypHbIMU PeXrMamMy,
1 ANS KaXXOo0M 13 TpexX He3aBUCUMbIX GMOMNOrMYeCK1X NOBTOPHOCTM CIiy-
YaliHbIM 06pa3oM BbIOMPanK Mo TPU pacTeHnst U3 AecsTH, YToObl n3Me-
pUTb NapameTpbl.

PenpoaykTviBHbIe Moka3aTenu BKIYanu: KOrIMYECTBO LIBETOB, KOTO-
poe onpeaensinn Ha pacTeHUsIX C 2-ro No 5-e Mexaoy3nus, KonM4ecTBo
NIoAOB, YPOXKaNHOCTb, KOTOPbIE U3MEPSANUCH CyYaliHbIM 06pa3oM Ha
TPEX pasHbIX PaCTEHWSIX.

[Nt OLLeHKM XapaKTepUCTUK NogoB cobmpany NsaTe TUMNYHBIX Nio-
[OB C kaxgoro obpasua. Bknoyanu Takue M3MEpPeHusl, Kak: cbipast
macca nnogos, AnNvHa Nnoaa, AaMeTp Mioda, KOnMYecTBO CEMSH B
nnoge. ViamMepeHusi NpoBOAMIIMCH C MOMOLLIbHO LIMADPOBBIX 3MEKTPOHHBIX
BECOB, TMHENKMN 1 LUTAHTEHLWMPKYNS ANS TOYHOCTW JaHHbIX.

MeToamka CTaTUCTUYECKOTO aHanmaa, NPMMEHEHHAs B 3TOM MCCle-
[0BaHuK, Bbina TLAaTensLHO NpodyMaHa Ans OLEHKU pasivymnin Mexay
BEreTaTvBHbIMU M PENPOAYKTVBHBIMI NapamMeTpaMun pacTeHuii nepua,
BbIpaLLMBaeMbIX NMPU pasnYHbIX TEMMNEPATYPHbIX PEXUMAX.

Tect CtyneHTa (Student's t-test) ¢ ncnons3oBaHmem nporpaMmMHoro
obecneveHns EXCEL 2016 6bin ncnonb3oBaH Ars OLEHKM cTaTucTnye-
CKV 3HAYVMbIX PasNUYUin MEXIy 3HaYEHWSIMU PENPOLYKTUBHBLIX Napa-
METPOB, TaKVX Kak: KONMMYeCTBO LIBETOB M MIOAO0B, YPOXaNHOCTb, Ana-
METP 1 A5MHa No4a, BeCb nroda 1 KoNMYecTBO CEMSH B NIoAax.

PesynbTathbl 1 06CcyxaeHus

BrnsiHue HU3Kux TemnepaTyp Ha hopMMpOBaHNE LIBETOB BapbUpO-
BasioCb B 3aBUCKMMOCTW OT TEHOTUMWUYECKUX XapaKTEPUCTVK KaOoro
reHoTuna nepua. Hekotopble reHOTUMbI COXpaHanu cTabunbHoe Wiu

15°C Minimal
10°C Minimal
15°C Maximal
10°C Maximal

o

Temnepatypa (°C)
- mN
[T

o

L=<

1 2 3 4 5 6 7 8 9 101112 13 1415

Hezenmn nocne nocajki

Puc. 1. TemnepamypHbIl pexxum 8030yxa usmepsinu
8 mersIuYHbIX ycri08usiX 8 nepuod ebipaujusaHusi nepya
e 10 u 15°C, coomeemcmeeHHo. [JaHHble omcrexusanucb
U 3anucsbleanuck ¢ HedeslbHbIM UHMepPa8asiom
¢ 10 dekabps 2020 2oda no 9 mapma 2021 2oda

Fig. 1. Air temperature was measured in greenhouse conditions
during the pepper growing period at 10 and 15°C, respectively.

Data was monitored and recorded at weekly intervals

from December 10, 2020 to March 9, 2021

CEJIEKUMA, CEMEHOBOACTBO M BMOTEXHONOIMMA PACTEHUA

Jaxe NnyuyLiee pasBuTUeE LBETKOB NP MOHKEHHBLIX HOYHBIX TEMNepaTy-
pax, B TO BPEMS KaK Yy ApYyrMx COPTOB Habmodanoch CyLleCTBEHHOE
CHVDKEHME KONMYECTBO LIBETOB B YCMOBUSIX HU3KUX Temnepatyp. JT1o
NMoAYEPKMBAET, UTO He BCe 0bpasLbl NepLa 0aANMHAKoBO BOCTIPUMMYMBHI
K HU3KUM TeMnepaTypam, 1 reHETUHECKE OCODEHHOCTU MMEHOT Krltove-
BOE 3Ha4eHne Ans TOoro, Kak pacTteHus ByayT pearMpoBaTb Ha XOnog.

MoHKeHHbIE TEMMEPATYpPbI TaKKe OKa3blBanM BIUSHUE Ha Komnnye-
CTBO MI0A0B W YPOXKaNHOCTb. B 6OMbLUMHCTBE CryyaeB HU3Kve Temne-
paTypbl CHKanu 3T1 nokasateny. OgHako, Kak v B Criyyae ¢ Komnmye-
CTBOM L|BETOB, peaKkLuui pasHbIX FEHOTWUMOB Ha HU3KWE TemnepaTtypsbl
pasnuyanuce.

370 yKa3bIBaeT Ha TO, YTO HeKOTopble 06pa3Lbl MoryT BbiTe Bonee
YCTOAYMBBLIMU K TEMMNEPATYPHLIM CTPECCaM W COXpaHsTb 6onee BbICo-
Kyt0 NPOZYKTMBHOCTb aXe NPV CHUKEHHbIX TemrnepaTtypax.

3T faHHble MOryT BbITb NONE3HbIMK ANs AaNbHENLLMX CENEKLMOH-
HbIX MPOrpaMM, HampaBMEHHbIX Ha yry4LleHe YCTOWYMBOCTM Mepua K
HU3KMM TeMnepaTtypam, YTO MOXET ObITb 0OCODEHHO BaXKHO Ans Bbipa-
LUVBAHMS B 3VIMHVMX TeMnmuax.

[Inst onpeaeneHyst peakumy pasfMyHbIX FreHOTUMOB NepLa Ha H3KWe
TemnepaTypbl Obiny MCCNENOoBaHb! PENPOAYKTVBHbIE NapaMeTpbl KO-
4YeCTBO LIBETOB, KOSIMYECTBO MIOAO0B U YpoxaHOCTb Ha 120 AeHb nocre
nocagki B TeNnMuUax C HU3KOWM U HOpMaribHOW HOYHOW TemnepaTypbl.
BrvsiHre Hu3Kol TemnepaTypbl Ha hopMMpOBaHKE LiBETOB ObINo pas-
NNYHLIM B 3aBMCMMOCTM OT FEHOTUMMYECKMX CBOWCTB Kaxkaoro obpasua
nepua (puc. 2A).

B ycrnoBusix HU3KuX TemnepaTtyp, Tak ¥ B YCIOBUSX HOPMaribHbIX
TemnepaTtyp opraHbl LUBeTka Yy reHotunos “16HT1”, “BGH 1806" un
“Bandung Jaelaejong” He passuBanuce, ay “16HTY”, “Nikar’ n “Gourmet
F1” oHM pa3BuBanMcb B yCNOBUSIX HOPMarbHbIX TeMMepaTyp, HO He B
YCMOBUSAX HOYHBIX HA3KMX TeMnepaTyp. Hukakvx CyLLeCTBEHHbIX pa3nii-
YMIA B KONMYECTBO LIBETOB He Habntoaanoch, 3a UCKIYEHNEM reHOTU-
noB “Dar Tshkenta” n “Macho” mexay AByms ycrnoBvsiMu BbipalLmBa-
Husi. Kpome Toro, Bnocneactaum, Ha 120 geHb nocne nocagku, 6bino
OLIEHEHO BIUSIHME HU3KNX TEMMNEPATYp Ha KOMMYECTBO MNIOAO0B Ha OfHO
pacTeHue, rae Habnaanoch 3Ha4YNTENBHOE CHKEHME Y BONbLUMHCTBA
reHOTUMOB MepLia NpU HU3KNX TemnepaTypax (puc. 2B).

MprvmeyaTenbHO, YTO reHOTMMbI nepua ocTporo  “16HT7”,
“AVPP1249”, “BGH 1806” n “Bandung Jaelaejong” He nnogoHocunm Hu
B YCMOBMSIX HOYHbIX HU3KMX TEMMNEpaTyp, H B HOPMarbHOM pexvme
BblpaLLMBaH/e, TOrAa Kak nokasaTesin KonmM4yecTBO NIOA0B Y reHOTHMNOB
“NW Bigarim”, “Desi” n “Bogatyr’ He pasnuyanvcb Mexagy ABYMS yCro-
BUAMM BO3[ENbIBaHMS. [MOCKOMbKY BbICOKasi YpOXaWHOCTb SBMSIETCS
OOHUM 13 Hanbornee BaXHbIX NapaMeTPOB B CENEKLMOHHbIX Mporpam-
Max [ns onpeaeneHns yCTONYMBLIX FeHOTUMOB nepLia K HU3KUM Temne-
paTtypam, 6bina npoBeaeHa OLEHKa YpoXaHOCTb, U OHa PE3KO CHU3M-
nacb y 60nbLUMHCTBa 06Pa3LIOB MPU HU3KMX TEMMepaTypax no cpaBHe-
HUIO C PacTEHMSIMA B HOPMaribHbIX YCIOBMSIX, 3@ UCKIMOYEHNEM reHOTH-
noB nepua Gonrapckoro “Desi” n “Bogatyr” (puc. 2C).

VIHTEpecHO, YTO caMbIf BbICOKUI NOKasaTeslb YPOXaiHOCTH, CBbILLe
500 r, 6bIn BbISIBNEH Y reHOTUMNOB nepua octporo “Kobra”, “Bekesi tf.”,
“Local ladozhskiy”, “256”, “N2”, “Bigstar” n “Noggwang”, a Takke y nepua
6onrapckoro “Vanity”, “Sredeaziatskiy sladkiy”, “Beliy krugliy” n ‘Sweet
chocolat” B ycrnoBusix KOHTPONS, TOrAa Kak B YCIOBUAX HU3KMX Temnepa-
TYp CaMblii BbICOKUIA NOKa3aTerb Oblfl OTMEYEH Y reHoTMMa nepLa ocT-
poro “NW Bigarim” (226,7 r) n nepua 6onrapckoro “Sweet chocolate”
(215,0r).

MokasaTenb AnameTp NIoAa Pe3sko CHU3UMCA Y BOMbLUMHCTBA reHo-
TVUMNOB MepLia B YCIOBUSIX HU3KMX HOYHBLIX TEMMNEPATYP MO CPAaBHEHWIO C
pacTeHusMK B KOHTpone (puc. 3A).

OpHako He 6bI10 0BHapPYXKEHO CyLLIECTBEHHON pa3HULibl B NOKa3aTe-
ne gyameTp nnoga y reHotunos “Bigstar”, “Vanity” n “Sweet chocolate”
mexay ABYMSl YCMOBMSMU BbipalvBaHue. [nodbl reHoTMnoB nepua
octporo “Bekesi tf.”, “Local ladozhskiy”, “Ardei Lung Plovdiv’, “Mie-
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BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

8 TWMOB nepua ocTporo “256”, “N2”, “NW Bigarim” n “Bigstar” n nepua 6on-
-1} . . . By U ] ]
@ 2 e==u rapckoro “Sredneaziatskiy sladkiy”, “Sweet chocolate’ n “Bogatyr
g 20 ] i Habnoaanmncb camble ArMHHblE nogbl — 6onee 10 oM 1 5 cm cooTBeT-
g . CTBEHHO B YCMOBUSIX HU3KWUX TEMMepaTyp.
15 ]
g ] Takke ObINO UCCNENOBaHO BMSIHUE TEMMEPATYPHOTO pPexumMa Ha
= 103 nokasaTenb CbIpoii Macchl mroga, rae y 6orbLUMHCTBA FeHOTMMNOB
5 345 . npSpR Lo N 15, 215 nepua B YCMOBUSIX HU3KUX TEMMEPATYP OH CHU3WIICS MO CPABHEHUIO C
<] . 1+ =S I oB A g 44 I
3 4 A B A ﬁ nm ¥ pacTeHVsIMI B KOHTPOTTE, 3@ UCKIOYEHNEM reHoTUMa nepLia Gonrapcko-
x = |ou e 10 1= f oo | S| = f o] e W oy e | oo f ol (] et e LAt e ] faed e red [ ] =t e ] [ i [ y A
g s|a|3|é|§|3la[a|s|a|a|a|a[E,|aL—,|a|a|a|§Ts|sE|§|a|s]s]ﬁ'|a|g|§|a]&']ﬂg|§|a|;|a ro “Desi” 1 “Bogatyr”, y KOTOPbIX HE BbISIBNEHO CYLLECTBEHHbIX Pa3nnynii
a8 ehtl poppor B4l popper B MHAEKcaX Macchl Nrofa Mexzy ABYMsi YCIOBUSIMU BblpallmBaHUs
m
o 1007 v (puc. 3C).
A [ cT
é‘ 8o {7 B ogHOM uccnenoBaHumM BbIno onpeaeneHo BIUSHE HOYHBIX HU3-
- | ] ] KUX TeMrepaTyp Ha pasBuTME CeMsH B Mnogax nepua, YTo BbI3Basio
£ pocT BecceMsiHHbIX NMOLOB (Tak HasblBaeMasi MapTeHOKapnusl) U CHU-
@ 40 o e P
E I 1 H 1 )KeHune ToBapHOCTH nrogos [14].
= H i L kY 3 ~
S 21 LAY ALY 3 A [nsi fanbHenLwero NoATBEPXKAEHUS BIUSHUS HU3KVX TEMMepaTyp Ha
FSI A | LA gl Zafl Daflsanlla sisi. pasBUTUE CEMSIH MOACUUTLIBANM PasBUTbLIX KONMYECTBO CEMSIH B MII0-
Lo (] Dl 0 |40 1= | | (=1 R ] D] b =21 B=1 B D] foct s o ] faed e g [ el Engd D] Kol e
e e e e i e A e e S e e B A R A A A A

pax. PesynbTaTbl nokasanu, YTo KOMMYECTBO CEMsiH B Mriofax Cylle-

CTBEHHO COKPALLIAETCS Y Pa3NnyHbIX FeHOTUMOB MepLia OCTPOoro, Toraa

18007 o oer kak BO BCex nriogax nepua Gonrapckoro He passyBanvCh CEMeHa B
YCIOBWSIX HU3KUX HOYHBIX TemriepaTyp (puc. 3D).
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Puc. 2. OyeHka pernpodyKmuegHbIX MPU3HaKo8 o Kosuvyecmeay
uysemkoe (A), konu4ecmsy rodos (B) u ypoxatiHocmu (C)

y eeHomunoe nepya e meruiuyax LT u CT. CywjecmeeHHbIe
pasnuyusi oyeHusanu c nomowbro Student’s t-test npu p<0,05,
p<0,01 u p<0,001 u o603Ha4anu * ** u *** coomeemcmeeHHo.

NS o3Hayaem He3HayumesibHOe 3HaYeHUe,

a cmonbusl o6o3Havyarom * cmaHGapmHoe omksioHeHue (n=3)
Fig. 2. Evaluation of reproductive traits for flower number (A),
fruit number (B) and yield (C) in pepper genotypes in LT and CT
greenhouses. Significant differences were assessed using Student’s

[OnuHa nnogoe (cm)
a8 ks

=
=]

o v

t-test at p<0.05, p<0.01 and p<0.001 and were marked & Betl pepper
as * **and ***, respectively. NS means not significant g 250 -
and bars represent * standard deviation (n=3) gm ALY mor
Midori”, “Kukon” n “NW Bigarim”, a Tawke nepua Gonrapckoro gtwo
“Sredneaziatskiy sladkiy”, “Beliy krugliy”, ‘Urias Dulce” n “Macho” umenn S =
cambli 6onbLuon anameTp nnogos — Gonee 25 mm 1 60 MM cooTBET- E*m ]
CTBEHHO B YCIOBUSIX KOHTPOMS. 8-
B TO Bpems Kak B yCroOBUsIX HU3KOWM TemnepaTypbl reHOTUMbI nepLa a 0]
octporo “Bekesi tf.”, “Local ladozhskiy”, “Ardei lung Plovdiv’, “NW §: Chit papper Bl pepper
Bigarim® n “Bigstar”, a Tawkke nepua 6onrapckoro “Vanity”, §1sn T Wi aer
Sredneaziatskiy sladkiy”, “Urias Dulce”, “Desi” n “Bogatyr” umenu Hau- g ]
GonbLUM auameTp nnoaos — 6onee 15 MM 1 50 MM COOTBETCTBEHHO g1
(puc. 3A). §| -
B npenplaywmx nccnenoBaHmsix coobLuanock, YTo AMameTp nnoaa 2
TECHO CBSA3aHO C MHAEKCOM AnvHbl nnoaa [13, 14]. Ytobbl noaTeepanTs % 0]
xi

BINMSIHUE HU3KUX TEMMEPATyp Ha ANvHY NNoaa, BMeCcTe C AYaMeTpoM
nnoga Obin n3mMepeH AnvHa nnoga cpeaun 39 reHoTMNoB nepua, 1 obino
BbISIBIIEHO, YTO AnMHa nrioda y 60MbLUMHCTBA FEHOTUMOB NepLia B yCro-

Puc. 3. OuyeHka penpodyKmueHbIx NMpu3Hakoe rno ouamempy rioda
(A), dnune nnooda (B), eecb nnoda (C) u konuyecmeo ceMsiH 8 Mso-

BUAX HU3KUX TeMnepaTyp 3aMeTHO CHMXaeTCA No CpaBHEHMIO C pacTe- dax (D) y 2eHomurioe rnepuya e menauyax LT uCT. CyluecmeeHHble
HUsIMU B KOHTpone (puc. 3B). pasnuYusi oueHuesasnu ¢ nomouibto Student’s t-test npu p<0,05,
- < < * k% *kk
OpHako y reHoTunos P06 1 P08 cylLecTBEHHbIX Pasnuunii B napa- P=0,01 u ps0,001 u 0GosHayanu *, ** u *** coomeemcmeeHHo. NS
0O3Hayaem He3HayumeJsibHOe 3Ha4YeHue, a cmosibybl 0603Hayarom *
MeTpax AnnHbl Nnoga He Habnoganocs B 060mx YyCrnoBusAX Bblpallyea- cmaHOapmHoe omkrioHeHue (n=3)
Hue. Tak, B yCroBMsIX KOHTPOISA y reHOTUMNOoB nepLia ocTtporo “Bekesi ff.”, Fig. 3. Evaluation of reproductive traits for fruit diameter (A), fruit

“Local ladozhskiy”, “16HT1”, “Ardei Lung Plovdiv’, “256", “N2”, “NW length (B), wpole fruit (C) and number of s.eeqs per fr_uit (D) in pepper
N o ) o genotypes in LT and CT greenhouses. Significant differences were
Bigarim”, “Bigstar” n “Noggwang”, a Takxe y nepua 6onrapckoro “Vanity assessed using Student’s t-test at p<0.05, p<0.01 and p<0.001 and

u “Sredneaziatskiy sladkiy” Habrnioganocs hopmvpoBaHWe NogoB ¢ Were marked as ¥, ** and **, respectively. NS means not significant
Ny . il
AnvHoit Gonee 15 cM 1 10 CM COOTBETCTBEHHO. B TO Bpemst Kak y reHo- and bars represent £ standard deviation (n=3)
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CEJIEKUMA, CEMEHOBOACTBO M BMOTEXHONOIMMA PACTEHUA

WHTepecHO, 4To KONM4YeCTBO CeMsiH B Nnogax y reHotuna “Monori tf.”
YBEMNWYMICA NMPU YCOBUS HU3KMX TEMMEPATYP MO CPABHEHMIO C pacTe-
HUSIMW B KOHTPOTE, 1 He Bblno 06HapyXeHO 3aMETHOMN pasHULibI B KOMU-
YECTBO CeMsiH B nnogax y reHotunos “Cheongyang” u “Urias Dulce”
mMexay AByms ycriosusMu. Kpome Toro, cambii BbICOKWIA MHOEKC ¢hop-
MupoBaHue cemsiH — Bonee 80, 70 1 40 cemsiH B nnogax — Obin oTMe-
YeH y reHoTunos octporo nepua “N32”, “Kukon” n “Noggwang”, a Takke
y nepua Gonrapckoro “Vanity”, “Sredneaziatskiy sladkiy” n “Bogatyr” B
HOpMarsibHbIX YCIOBUSIX BbIpaALLIMBAHUS, @ B YCIOBUSIX HU3KOW TeMnepa-
Typbl CaMblIiA BbICOKMIA NokasaTterib — 6onee 40 cemsH — Habnogancs
y “Monori tf.”, “Noggwang” n “Cheongyang”.

O6006LLas nonyveHHbIX JaHHbIX B pesynbTaTe WCCNenoBaHus 1
NUTEPaTYpHbIX MCTOYHUKOB PacTeHUs nepLia ecTecTBeHHbIM 00pa3oM
noABepratoTCcst pe3KOMY XOSNIOA0BOMY CTPECCY B 3VMHUIA NEpUOL, B CENb-
CKOM XO3SIMCTBE 1 0611afatoT KIETOHHLIMM 1 MOFEKYNSIPHBIMU MEXaHN3-
MaMW Ans akknMMaTu3auuu M NpeoforneHnst HU3KoTEMMNEepPaTypHOro
cTpecca [16-18].

MNpeablayLme nccrneaoBaHUs NPOAEMOHCTPUPOBANW PeaKLMI0 reHo-
TWMOB NepLia Ha YCroBUs HU3KMX TEMNEPATYpP C OrpaHUYEHHbIMM Habo-
pamy 06pa3LoB, B OCHOBHOM MO PEMPOAYKTUBHLIM MPU3HaKaMm, BKITHO-
Yas Mmopdponoruto LBETKOB, hopMy MriodoB v ypoxanHocTs [14, 19, 20].
Kpome Toro, BnusiH1E HU3KMX TEMMepaTyp Ha arpOHOMMYECKUE Mokasa-
Tenm onpeaensiny NpeMMyLLECTBEHHO Y NnepLia CraaKoro.

B naHHOM 1ccnenoBaHvy Mbl oLeHUnM 39 reHOTUMOB nepLia, BKI-
yasi nepua octporo (n = 27) n nepua 6onrapckoro (n = 12), a Takke oue-
HUNW PENPOAYKTUBHbIE MPU3HAKV B TEYEHWE BCEro Mepuofa pocta u
pasBuUTYS NEpLA@ B YCIOBUSIX HU3KMX TEMMEPATYP, YTO MO0 Obl 3KOHO-
MWYECKU CHW3UTb NOTPEBHOCTL B SHEPTW MpY BbIpalLMBaHWM nepua B
3VMHUIA NEPUOL, B TENMNKLIE.

B cooTBETCTBUM C HALLMMW NPEQbIAYLLYMM UCCNIEAOBAHNSIMM, TEKY-
LLve pesynbTaThl TaloKe Nokasanu, YTo KONM4YeCcTBO LiBETOB Y GOMbLUINH-
CTBa rEeHOTUMOB NepLia He BbISIBIINO 3aMETHbIX Pa3fnyuii B pacTeHnsIX B
060VX YCrOBWSIX BbIPALLMBAHWS, XOTS KONIMYECTBO LIBETOB OblT CHBKEH
Y HECKOMbKVIX COPTOB MepLia OCTPOro U nepua 6onrapckoro.

HecMmoTpsi Ha 370, HAM He SICHO, NOYEMY BIIMSIHAE HOYHbIE HU3KUE
TemnepaTtypbl Ha KONMYECTBO LIBETOB B GOSMbLUMHCTBE FEHOTUMOB He
u3MeHunoch. [lansHelume nccnenoBaHnst AOMKHbI ObiTb HanpaBIieHb
Ha BbISICHEHWE MEXaHV3MOB BO3ENCTBUS HA3KUX TEMMEpaTYp Ha Komnu-
YECTBO LIBETOB Y PACTEHUI NepLia C Y4eTOM HI3KON TeMnepaTypbl BO3-
[yxa 1 B 061acTu KOpHeN.

Mpeablaylime vccnenoBaHus nokasanu, YTO KOMUYECTBO NIOJO0B
TECHO CBSA3aH C YPOXaHOCTbIO NP HU3KUX Temneparypax [8, 19] n yto
KOMNMYeCTBO NIOJO0B M CTENEHb 3aBsi3blBaHWE MII0A0B Obinn KMtoyveBb-
MUK onpefenstowmmMm aktopamn Anst Bbibopa YCTOAYMBBIX K HU3KM
TemnepatypaMm TOMatoB U MepLia C BbICOKOW YPOXaMHOCTbIO MIof0B
[20].

B cootBeTCTBMM C NpeablayLLyMM UCCNIEAOBAHUSMM, BISIHAE HU3-
KX TEMMEpaTyp Ha KONMYeCTBO NIOAO0B M YPOXaMHOCTL MPUBENO K pes-
KOMY CHVDKEHMIO MO CPaBHEHWIO C KOHTPOMEM, YTO MO3BOSISET Npeano-
NOXMTb, YTO KOMMYECTBO MIIOAO0B U YPOXaWHOCTL TECHO KOPPENUpYOT
npu HU3KMX TemnepaTypax. KpoMe Toro, Hi3kas Temnepatypa nosnus-
O Ha CHVKEHWE MnoKasaTernel anameTpa v AnvHbel nnoga u hopmMmpo-
BaHUS CEeMsiH B Mriofax, YTO MPUBEMO K PasBUTMIO HenpaBWIIbHON
chopMbI NNOAOB. AT AaHHbIE COMNAcyTCS C NPEabIAYLLUMMM UCCIENOo-
BaHUSIMM, KOTOPbIE BbISBUIM 3OEKTbI HA3KVX TEMMepaTyp Ha Mopdo-
FI0MU0 LIBETKOB M pa3suTre nnogos [14].

B uvccnenoBaHvsix GbINO YCTAHOBMEHO, YTO BO3OEWCTBUE HU3KUX
Temnepatyp Ha bOpMy MbITBHVKOB U 3aBA3€el BbI3bIBAET aHOMarbHOe
pa3BUTVE OpPraHoB LIBETKA, BKITHOYas 3aepXKKy pocTa ThIYMHOK, YMEHb-
LLIEHVE KOJTMYECTBA W CHIDKEHWE aKTMBHOCTM MblIfbLbl, YTO NPENATCTBY-
€T ONbIIEHNIO 1 OMNOA0TBOPeHUto [14, 22]. B ganbHenwwem 31o npyeo-
T K 06pa3oBaHmio aHOMarbHbIX NI0A0B U NapTEHOKapMUYECKMX MI1o-
[0B C HAKMM KONMYECTBOM cemsiH [14, 23].

Takke, npegblayLiye NCCNeAOBaHNS NoKasanu, YTo noj Bo3aen-
CTBMEM HU3KNX TeMMepaTyp HapyLleHue hopMbl MII0A0B Y pacTeHNUn
pvca, MaHro 1 nepua Bbi3BaHO HabyXLUel 3aBS3bI0 Y YKOPOYEHHbBIM
cton6bukom [20, 24, 25], 4To yka3bIBaeT Ha TO, YTO pasBUTME OPraHoB
LBEeTKa C ThIYMHKOW 1 3aBSI3bl0 O4EHb YYBCTBUTENBHO K HA3KUM TEM-
nepaTtypam Bo3ayxa.

Kpome Toro, napteHokapnuyeckue nrofdbl U CHYDKEHWE Komnude-
CTBO CEMsiH B nrogax Obinn cBsidaHbl ¢ 6anaHCoM pacTUTENbHbIX
FOPMOHOB, BKIHOYasi ayKCWH, rmb6epennMH 1 LUTOKMHWH, K3-3a
OTCYTCTBUSI ONSIOLOTBOPEHUS!, HO 3TO, BO3MOXHO, HE MOXET ObITb
CBsi3aHO C gedektamu onbineHus [26, 27].

Kpome TOro, HekoTopble WCCneaoBaHWs MPeanosiokumn, Y4To
MexaHu3M hakTopOoB pa3BUTKSA NMOAOB, BKIOYasA AUaMeTp U AMHa
nnoga, U macca nnofa, ckopee Bcero, oowmi [12, 13].

YunTbiBas, 4TO B OAHOM UCCIe0BaHWM yNoMUMHamNoCh, YTo AfMHa
nnoaa perynupyetcst ot 3 fo 10 nap reHoB u, ckopee BCETo, 3aBUCUT
OT YCINOBUI OKpyXatoLlen cpedbl [28], AanbHenwwme nccnegoBaHns
JOJTKHBI U3YYNTb MEXaHW3M TOro, Kak hakTopbl pas3BuTUSi NMOLOB
perynupytoTcs KnactepaMmu reHoB.

Kak ynomvHanoch B npeabigyLumx nydonukaumsx [29-31], cHuke-
HWe KONMYECTBO MII0A0B Y CNajKoro nepua npu HU3KKMX Temnepary-
pax ObINo CBSI3aHO C MoKa3aTensMy YpOXaiHOCTU, YTO CBUAETENb-
CTBYET O TECHOW KOPPENALMN MEXIY MPU3HaKamu.

B COOTBETCTBMM C HALLMMU TEKyLLMMMW pe3ynbTaTamu, npeabiay-
wwun PCA-aHanua pacTeHuin Tomara Takke rnokasarn CUnbHyH Koppe-
NAUMIO C YPOXKANHOCTBIO M KONWYECTBOM MIOA0B MOA BO3AENCTBUEM
HU3KMX HOYHBIX TemnepaTyp [15], 4To No3BoNsEeT NPeanonoXuTb, YTO
KONMYECTBO MI0A0B UrPaeT BaXkHYH posib B ONpeeNieHn napameT-
pOB, CBSI3aHHbIX C YPOXaMHOCTbLIO, TAKMX KaK CTEMNeHb 3aBs3blBaHNE
NMOAOB M YPOXKAMHOCTb pacTeHUi nepua Ans CEeMNeKUMOHHbIX Mpo-
rpamm npu BbIGOpEe copTa nepua, YCTOMYMBOTO K HOYHBIM HU3KMM
TemnepaTtypam.

B Hawem paHee npegctaBneHHOM pesynbTaTax WUCCNefoBaHUM
npv BblbOpe KpuTepueB oTOOpa TOMEPaAHTHLIX TOMATOB K HOYHLIM
HU3KMM TemnepaTypam Oblfio YCTaHOBIIEHO, YTO pacTeHWs TomaTta
NoKasbIBaloT pa3Hble BEreTaTMBHbIE U PENPOAYKTVBHbLIE MOKasaTenm
B 3aBMCKMMOCTM OT Tuna nnogos [19].

Ha ocHoBe knactepmsauum 39 reHOTMNOB nepua Mbl Bolibpanu
reHoTunbl nepua octporo u Gonrapckoro (“Bigstar” u “NW Bigarim”;
“Desi” 1 “Bogatyr”) ycTOMYMBbIX K HU3KUM TemrepaTypam, KoTopble
NPEeNMYLLECTBEHHO [EMOHCTPUPOBANM BbLICOKME 3HAYeHUsi penpo-
OYKTVBHBIX MHOEKCOB, TaKMX Kak ypoXawHOCTb, Macca W auameTp
nnoga.

WHTepecHo, 4To hOpMbl MNOJOB YYBCTBUTEMBHBIX TEHOTUMOB
nepLa ocTporo 1 6onrapckoro K HU3KUM Temnepatypam Obinv 3Hauu-
TENbHO MEHbLLUE MO CPaBHEHWIO C MoKasaTensiMu B KOHTpOre, B TO
Bpemsi kak (pOpMbl MOA0B TONEPAHTHbIX FeHOTUMNOB Obin NMbo aHa-
NOTMYHbI, MMBO HECKONMBbKO MEHbLUE MO CPaBHEHUIO C TaKOBbIMMW Y
pacTeHuwii B KOHTpore. Hawwwm pesynbtaThl nokasanu, 4To AnuHa U
AMameTp nrnoja Chirpany peLuatolLyto posib B BbIGOpe reHOTWMNoB,
YCTOWYMBBIX K HOYHBIM HU3KUM TemnepaTypam.

BbiBoabI

HouHble HM3KMe TemnepaTypbl NPUBENM K CHIBKEHUID (hOPMMPO-
BaHWE KONMYECTBO LIBETOB, MIOAO0B U YPOXaNHOCTM y BOMbLUMHCTBA
reHoTunoB, Ho “NW Bigarim” n “Desi” He nokasanu CyLLeCTBEHHbIX
pasnuuuin Mexay AByMsi TeMNepaTypHbIMU peXMMamMm, YTo NoaTBep-
KOAET UX YCTOWYMBOCTL. TemnepaTypHbI CTPECC TakKe CHU3WUM pas-
Mepbl NMoAoB y BOMbLUMHCTBA rEHOTUMOB, XOTS HEKOTOpbIE (Hanpw-
mep, “Desi” n “Bogatyr’) He nameHunucb. HouHble HU3KME Temnepa-
Typbl TAKKe MOBIMSANM Ha KONIMYECTBO CEMSIH, NpUBOAS K 0bpa3oBa-
HUO GecceMsiHHbIX NNoZoB, Ho reHoTun “Monori tf.” nokasan yse-
NNYEHNEe CeMsiH.

[ 14 ]
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Physalis peruviana L.
production in conditions
of the Crimean southern
sea shore

ABSTRACT

Intensive climate changes entail the possibility of effective introduction of some tropical plants in
the northern hemisphere. Introduction of Physalis peruviana, Indian selection, along the Crimean
southern sea shore in 2022-2024 revealed the perennial growth character of plants, fully flowering
since the first decade of June, starting fruiting in late June, full fruit ripening in the second decade
of July, and the possibility of partial ovaries shedding during the period of high temperatures (27-
30°C) from mid-July to August. In the mentioned conditions, fruits, leaves and calyx showed high
antioxidant status. The efficiency of different extraction methods in polyphenol determination gen-
erated high prospects of dry fruit, leaves and calyx extraction with 70% ethanol at 80 oC compared
to the application of water, 50% methanol and 98% ethanol extraction at room temperature. The
fruits demonstrated similar values of the ascorbic acid (48.5 mg/100 g f.w.), mono- and di-saccha-
ride (35 and 51% per d.w.) content, and higher levels of dry matter (20.2%), phenolics (21.2 mg
GAE/g d.w.) and carotenoids (4.51 mg/100 g f.w.), compared to the Colombian fruit randomly sam-
pled at the local supermarket, but had significantly lower values of fruit titratable acidity (49.0 com-
pared to 86.2 mg-eq citric acid/g d.w.). Mineral composition of plants revealed typical Fe, Zn, Cu,
Mn and Co distribution between fruit, leaves and calyx with calyx being the richest source of Fe
(288.7 mg/kg d.w.). The results indicate high prospects of P. peruviana cultivation in Crimea.
KEYWORDS:

Physalis; territory product innovation; nutritional value, antioxidants; microelements
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[1poM3BOACTBO
Physalis peruviana L.

B YCMOBUAX KYNbTYpbl
tOxHoro bepera Kpbima

PE3IOME

WHTeHCMBHOE M3MEHeHWe KnMMaTa 6naronpusiTcTBYeT MHTPOOYKLMU HOXKHBIX PacTeHun B Gonee
ceBepHble permoHbl. UHTpoaykums nepyaHckoro dusanuca Physalis peruviana, UHOUCKoW cenek-
LK Ha toxxHoM nobepexbe Kpbima B 2022-2024 BbisiBUNa, YTO pacTeHus BeayT cebs kak MHoronet-
HUe, C Ha4anoM MaccoBOro LiBETEHMSA C NepBON JAeKafbl MIOHSA, Hayane NioAOHOLIEHUS C KOHLA
MIOHS, MOJTHOTO CO3peBaHUs NIOAOB CO BTOPOM AeKadbl MIONS, a Takke YCTaHOBNIEHa BO3MOX-
HOCTb YaCTUYHOIO Onaja COLBETUI B Nepnop BbICOKUX Temnepatyp (27-30°C) co cepeamnHbl nions
no aBrycra. [nogbl, MMCTbA 1 YEXITUKW NNOAOB PACTEHMI, BbipalLeHHbIX B ycnoBuax Kpsima npo-
SIBNANN BbICOKYH aHTMOKCUAAHTHYI0 akTMBHOCTb. [poBeaeHa oueHka 3¢pdheKTMBHOCTM pa3nuny-
HbIX YCNOBWW 3KCTpaKUuMM Ha copepxaHue NOnuceHOrNoB B MNogax, NIMCTbAX M YexnuKax.
HauGonee Bbicokue nokasatenu copepkaHusi NonudeHonoB Gbiny NonyyeHbI NPU UCMONb30Ba-
HUM NpefBapUTENILHO BbICYLLEHHBLIX 06pa3LoB 1 aKcTpakumn 70% aTunosbiM cnuptom npu 80°C B
TeYeHue Yaca No CPaBHEHMIO C NMPUMEHEHMEM AUCTUNNUPOBaHHOM Boabl, 50% MeTaHona u 98%
3TaHona npu KOMHaTHOM Temnepartype. CoaepxaHue aCKopOMHOBOW KUCIOThI B NNTOAAX KPLIMCKO-
ro comsanuca u Konymouickoro U3 cynepmapketa 6b1nm cxopaHsb! (48.5 Mr/100 r cbipoii M.), Tak xe,
KaK U copepxaHue MOHO- U Au-caxapoB (35 u 51% cyxoi M.), ogHako, KpbIMCKUIA husanuc xapak-
Tepu3oBancs 6onee BbICOKUM copepiaHuem cyxoro Belectsa (20.2%), nonnderonos (21.2 mr-
3kB K/ cyxom m.) n kapoTuHouzoB (4.51 mMr/100 r cbipoi Macchbl), B TO BpeMsi KaK ypoBeHb TUTpye-
mon kucnotHoctu B Kpbimckom domsanuce coctaBun 49.0 Mr-3kB. NMUMOHHOW KUCTOTHIT CyxoM
Maccbl Mo CpPaBHEHUIO C 86.2 Mr-3KB JIMMOHHOW KMCNOTLIr cyxon Macchbl ana Konymbuickoro
¢usanuca. AHanu3 MUHepanbHOro coctaBa NNoAoB, NMMCTLEB M Yexnuka ¢usanuca (Fe, Zn, Cu,
Mn u Co) BbISiIBUNO aHOManbHO BLICOKOE COAEpXKaHMe Xeresa B Yexmmkax nnopoB (288.7 mr/kr
cyxoi Macchbl). lMonyyeHHble pe3ynbTaTbl CBUAETENILCTBYHOT O NEPCMNEKTUBHOCTYU BbipalLUBaHUs
P. peruviana B OTKPbITOM IPyHTE Ha KXHOM nobdepexbe Kpbima.

KNKOYEBBIE CJIOBA:

Physalis; HHOBaLMOHHLIN NPOAYKT, aHTUOKCUAAHTbI; MUKPOINEMEHTbI
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1. Introduction

ysalis peruviana L. belongs to the Solanaceae family and

is highly valued for the unique biochemical composition,
high antioxidant activity and high levels of carotenoids, vitamin C,
polyphenols, protein, and dietary fiber [1-3]. Colombia, Kenia,
Zimbabwe, Australia, New Zealand, India, and Ecuador are the
most important Physalis producers in the world, though high level
of adaptability of these plants allows to effectively grow them in
other countries, such as Peru, Portugal, USA, Brazil, Venezuela,
Countries of the Central America, Egypt, Indonesia, Israel, and
Great Britain. P. peruviana is actively cultivated in Turkey [4,5].

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

Agriculture, India, in 2022-2024 from May to October at the
experimental open field of Nikitsky Botanic Garden, situated at
the shore of the Black Sea (44°31' N., 34°15' E, 200 m above
sea level), characterized by a Mediterranean-type dry subtrop-
ical climate, with a mean year temperature of 13.5+1.5°C and
average daily temperature above 5°C from the beginning of
March to the end of October (Table 1). The experiment was
carried out in an agro-brown, slightly carbonate, light clay soil
with 3.0% humus, 5.4% carbonates and pH of 7.8. The annual
precipitation reached 560-619 mm with a typical predominance
in winter-spring period.

Table 1. Mean temperature and total rainfall during the experiment
Tabnuya 1. CpedHeMecsiyHbIe meMnepamypbl U Kosluyecmeo ocadkoe 8 meveHue IKcnepuMeHma

2022 2023 2024
Month Mean Rainfall Mean Rainfall Mean Rainfall

temperature (°C) (mm) temperature (°C) (mm) temperature (°C) (mm)

May 14.9 245 15.7 92.3 14.4 5.9
June 22.9 83.5 20.9 73.0 23.6 40.4
July 243 223 24.2 20.6 28.5 17.7

August 26.0 20.4 27.2 4.0 25.8 3.1
September 19.6 12.1 22.0 0.4 25.8 64.7

In tropical areas, Physalis is a perennial plant, contrary to the
continental climate where it is an annual plant. P. peruviana was
successfully grown in greenhouse conditions in Czech Republic
[6,7] with the ascorbic acid reaching 66-102 mg/100 g f.w. and
flavonoids 405-526 mg/100 g.

Due to high antioxidant activity, Physalis peruviana L. pro-
vides high human antioxidant status due to the consumption of
polyphenols, flavonoids, tannins, alkaloids, vitamins C, B3, B6,
phytosterols, vitanolids, and physalins. P. peruviana fruit
record significant antimicrobial activity against gram-positive
and gram-negative bacteria, anti-fungal activity against
Aspergillus niger and Candida albicans [8], and anti-carcino-
genic activity against lung cancer cells A549, and Caco-2 cells
of colon adenocarcinoma [9]. Powerful anti-carcinogenic
activity is demonstrated for B-carotene, vitamins C and P,
vitanolids and physalins, the latter recording also anti-inflam-
matory, anti-microbial, immunomodulatory, and anti-parasitic
properties. Leaves, stems and all plant showed cytotoxic and
anti-proliferative effect on different cancer cell lines, such as
colon, lung, breast and liver [10-14]. P. peruviana L. fruit calyx
is successfully used in traditional medicine due to its anti-car-
cinogenic, antimicrobial, antipyretic, diuretic, anti-inflammatory,
and immunomodulatory properties [15]. Fruits are rich in Fe,
Ca, Cu, Mn, P, and Zn [16,17].

Physalis biometrical and biochemical characteristics are gov-
erned by genetic factors, growth conditions, sowing data, and
greatly depend on growth stimulators supply [18-21]. Climate
change is another important factor affecting cultivation efficiency
especially in temperate conditions.

The present investigation was aimed at evaluating the effi-
ciency of P. peruviana cultivation in conditions of the Crimean
southern sea shore using Physalis seeds produced by the Indian
breeders.

2. Materials and Methods

2.1. Growing Conditions and Experimental Protocol

The research was conducted on Physalis peruviana acces-
sion, provided by the Veer Kunwar Singh College of

Sowing was practiced on 11 May. The results were
expressed as means of the three-year data. The morphological
determinations were performed on 10 plants per replicate.

At the level of the productive moisture >40 mm, watering was
achieved once a week from May to June. In July-August water-
ing was practiced twice a week according to the production
moisture level of 20 mm. Fertilizers were not supplied during the
vegetation period, while in Autumn organic mineral fertilizer
‘Cherny Zhemchuk’ was applied at a dose of 15 g/m?. The chem-
ical composition of the Fertilizer is presented in Table 2.

Table 2. Chemical composition of ‘Cherny Zhemchug’ Fertilizer
Tabnuya 2. Xumuyeckuli cocmae ydobpeHusi YepHblil Xemuye

Parameter Concentration
(MapameTp) (KoHueHTpaums), %
Organic matter >70
(OpraHuyeckoe BeLecTBO)
SiO, 7.48-12.98
Fe,03 4.36-5.23
CaO 3.65-4.45
MgO 1.29-2.12
K,0 2.85-3.5
Nay0 0.23-0.59
P205 0.06-0.12
SO, 0.14-0.30
Total N 0.35-0.77
ey
(Bo.qvt\),:taexrc:gl)upbv!;:ﬁ B) 0.30-0.50
pH 8.0
Water content <7-10

(copepxaHue Bnarm)
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This investigation was carried out in accordance with the
introduction and selection testing methodology of aromatic and
medicinal plants [22]. Morphometric determinations of leaves
and fruit were performed using light microscope MSP-1. PC
ImageTool v. 2.03 UTHSCSA was used for the metric parame-
ters testing.

2.2. Sample Preparation

After harvesting leaves and fruit were separated and individ-
ually weighed. The samples were homogenized, and fresh
homogenates were used for the determination of the ascorbic
acid. Sample aliquots of leaves and fruit were dried at 70°C to
constant weight and used for the determination of total polyphe-
nol content (TP), and mineral composition.

2.3. Biochemical and Elemental Composition Analyses

2.3.1. Ascorbic acid (AA)

The ascorbic acid content was assessed using the manual
titration method based on the interaction of the ascorbic acid
with sodium 2,6-dichlorophenol indophenolate (Tillman’s
reagent) [23].

2.3.2. Total Polyphenols (TP)

Total polyphenols were determined in 70% ethanol extract
using the Folin—Ciocalteu colorimetric method as previously
described [24]. Half a gram of dry physalis homogenates of
leaves and fruit were extracted with 20 mL of 70% ethanol at
80°C for 1 h. The mixture was cooled down and quantitative-
ly transferred to a volumetric flask, and the volume was
adjusted to 25 mL. The mixture was filtered through a filter
paper, and 1 mL of the resulting solution was transferred to a
25 mL volumetric flask, to which 2.5 mL of saturated Na,CO3
solution and 0.25 mL of diluted (1 : 1) Folin—Ciocalteu reagent
were added. The volume was brought to 25 mL with distilled
water. One hour later the solutions were analyzed through a
spectrophotometer (Unico 2804 UV, Suite E Dayton, NJ,
USA), and the concentration of polyphenols was calculated
according to the reaction mixture absorption at 730 nm. As an
external standard, 0.02% gallic acid was used. The results
were expressed as mg of gallic acid equivalent per g of dry
weight (mg GAE g-1 d.w).

2.3.3. Carotenoids

Determination of carotenoid content in physalis fruit was
achieved spectrophotometrically after chromatographic separa-
tion of carotenoids [24]. Half a g of homogenized fruit was
extracted with small portions of acetone until color disappear-
ance. The combined extract was diluted with 9 mL of hexane
and washed 4-5 times with distilled water to remove traces of
acetone. The residual extract was quantitatively transferred to a
volumetric flask, and the volume was adjusted to 10 mL with
hexane. The resulting extract was mixed, filtered through a small
portion of anhydrous Na,SO, and subjected to the analysis. The
separation of carotenoids was achieved using quantitative thin-
layer chromatography on Whatman 3A chromatographic paper
in hexane—acetone, 10 : 0.5. Appropriate zones of carotenoid
compounds were cut out and extracted with 3 mL of hexane. The
determination of carotenoid content in physalis fruit was per-
formed using appropriate specific absorption E'¢ ¢n for (-
carotene (2580 at A = 450 nm), and lutein (2560; A = 447 nm)
through a spectrophotometer (Unico 2804 UV, Suite E Dayton,
NJ, USA). The internal standards were B-carotene and lutein
from Sigma Inc. (Japan).

2.3.4. Sugars

Monosaccharides were determined using the ferri-
cyanide colorimetric method, based on the reaction of
monosaccharides with potassium ferricyanide [25]. Total
sugars were analogically determined after acidic hydrolysis
of water extracts with 20% hydrochloric acid. Fructose was
used as an external standard. The results were expressed
in % per dry weight.

2.3.5. Titratable acidity (TA)

Titratable acidity was determined by titration of a water
extract with a 0.1 M NaOH solution using a ionomer Expert-
001 (Econix corp., Russia) and phenolphthalein as an indi-
cator. The results were expressed as percentage of citric
acid [26].

2.3.6. Nitrates

Nitrates were assessed using an ion-selective electrode
on ionomer Expert-001 (Econix Inc., Russia). One gram of
fresh physalis leaves was homogenized with 50 ml of dis-
tilled water. Forty-five ml of the resulting extract were
mixed with 5 ml of 0.5 M potassium sulfate background
solution (necessary to adjust the ionic strength) and ana-
lyzed through an ionomer for nitrate determination.

2.3.7. Total Dissolved Solids (TDS)

TDS was determined in water extracts using TDS-3 con-
ductometer (HM Digital, Inc., Seoul, Korea) and expressed
in mg kg-1 d.w.

2.3.8. Mineral composition

The determination of element contents (Co, Cu, Fe, Mn,
Zn) in plants was conducted in triplicate on the dried,
homogenized, mixed samples using atomic absorption
spectrometry on Shimadzu GFA-7000 spectrophotometer
(Shimadzu, Kioto, Japan) after sample digestion under the
temperature increase from 20 up to 425°C and appropriate
solution of the residue in 3% HNO3; [27].

2.4. Statistical Analysis

All determinations were done in triplicate. The data were
processed by the analysis of variance and mean separa-
tions were performed through Duncan’s multiple range test,
with reference to 0.05 probability level, using the SPSS
software version 29 (Armonk, NY, USA). Data expressed
as percentages were subjected to angular transformation
before processing.

3. Results and Discussion

3.1. Temperature trends

Significant warming has been typical for the last years.
Indeed, comparison of the sum of effective temperatures dur-
ing the experiment with the long-term average values indicated
dramatic changes of the values especially significant in spring
and the beginning of summer (Table 3, Fig. 1).

In these conditions the first Physalis shouts appeared on
26 May, most of shoots on 30 May, full fruiting phase since
30 August. Plant height at this stage of development
reached 82-89 cm accompanied by a full plant flowering.
Plant generative development lasted up to the middle of
October. In 2024, the phenophase of general regrowth of
perennial plants began on 15 May.
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Table 3. The sum of effective temperatures >10°C during the P. peruviana vegetation period of 2023-2024
Ta6nuya 3. Cymma agppekmuenbix memnepamyp >10°C e nepuod eezemayuu P. peruviana e 2023-2024)

Long-term average value The sum of effective temperatures

Month Decade YcpeaHeHHble (cymma adpheKTUBHbIX TeMnepaTyp)
mecsay HNekapa LOJNITOBpEeMEeHHbIe
nokasarenm) 2023 2024
April SE 30 80 216
1 74 110 266
May 2 134 165 308
SE 220 234 410
1 314 371 540
June 2 428 509 677
3¢ 551 619 817
1+ 684 765 1002
July 2 825 900 1213
3¢ 992 1062 1386
1% 1147 1229 1538
August 2 1291 1377 1701
S 1435 1559 1877
1 1541 1672 2009
September 2" 1636 1779 2135
3¢ 1712 1850 2252
S 1 1771 1924 2337
2" 1811 1966 2379

in field conditions P. peruviana maintains a perennial type of
development. Plants of the 3rd year form annual shoots which
become semi-woody in its lower tier. Plant height reached 82 cm
at the third year of vegetation with the value 77.2 cm correspon-
ding to the mean value of the three-year experiment. The length
of the renewal shoots reached 68-73 cm (Table 4). During
growth and development P. peruviana stem branched and up to
7 well- developed generative shoots were formed on the bush
(mean value is 5.3).

In conditions of the Crimean southern sea shore the
phenophase of mass flowering begins in the first decade of
June, the beginning of fruiting — from the end of June; mass fruit
ripening — in the second decade of July. Temperature greatly
affects the growth and development of plants. Biological peculi-
arities of P. peruviana indicate that it belongs to the short day
plants. At the Crimean southern sea shore in the middle of July-
August in conditions of high temperature (27-30°C) the physalis
vegetation period and the period of fruiting expand. The lower
fruit located in the places of initial stem branching ripen first fol-
lowed by fruit on the periphery of the bush. Signs of fruit ripen-
ing are the lightening and drying of the calyx as well as the fruit

— 2023 - g 2024

Mean Temperature (% to long-term value)

-
-
el T .

""ﬁd—o-p—p-t--v—-o - C . . .
L—*I ettt acquiring the color characteristic of the variety. Ripe fruit mostly
6 7 8 9 10 11 12 13 14 15 16 17 18 fall off and in dry weather may remain fresh for up to 10 days. As
a result, the period of generative development and fruit ripening
Decade/month

continued in the Mediterranean climate of the Crimea until the
end of October.
P. peruviana, due to its sweet fruit and its economically valu-

Fig. 1. Dynamics of the sum of effective temperatures
at the Southern shore of the Crimea in 2023, 2024
Puc. 1. JuHamuka uameHeHus1 nokasamersisi 3¢hgheKmueHbIX

memnepamyp Ha I)XKHOM nobepexse Kpbiva e 2023, 2024)

3.2. Morphological parameters

The levels of resistance and plasticity of plants to specific
growth conditions are governed by plant vitality, morphological
parameters of the main reproductive organs, and yield in the
annual cycle of growth and development.

In conditions of dry subtropical climate of the southern
Crimean sea shore morpho-biological parameters revealed that

able characteristics, belongs to the group of berry Physalis. At
the stage of ripening, fruit is juicy yellow round, 16.5-24.7 mm
diameter (mean value 20.03 mm), and 3.05-6.26 g weight (mean
value 4.36 g), with the number of seeds from 133 in small fruits
to 145-213 in the large ones (Table 4). The latter parameters of
the Crimean P. peruviana were 1.8-2.2 times lower than those
recorded in Kenia, Colombia and South Africa which may be
attributed to different ecotypes and environmental conditions
[28].
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Table 4. Morphological parameters of the Physalis peruviana L. in conditions of the Crimean southern sea shore
Tabnuya 4. Mopghoniozuyeckue nokazamesnu pacmeHull gpusasnuca nepyaHckoz2o 8 ycriosusix KoxHozo 6epeza Kpbima

Parameter

(napameTp) MtSD CV (%) Minimum Maximum
(MZéigtp";i::;lﬁ,)’ ) 628.8+128.0 203 4382 805.4
(Bbf(!ﬁ?g r:)zig'rhetu(::,l )cm) 772431 4.0 73 82
(Konu:z:geszorfegz;:;;t;‘r’iilih::éseros) 5.3¢13 245 3 7
S O A ] 326¢50 153 2 a2
(Mlz;gg; ﬁi?rite(g, ?fpra'zléme) 319.2£54.8 17.2 236.6 395.0
(Ypom:ﬁb:::rir?ll;:genr]l:isﬁynilzlgcg:? {(r:;ggi)'reuue) 1.98:0.23 17.9 1.72 240
(% ogg,‘,‘:g:eﬁ’{:{m) 51.142.3 45 478 54.3
(Hlﬁﬁ‘m ﬁﬁ’yc) 135:0.9a 6.7 125 152
Leaf length (cm) - -
Anuna nucta (cm) (B:'p'gﬂﬁﬁ tsluiryc) 107416 15.0 6 127
Leaf width (cm) (HIVI’::'V:‘;' 2‘:’;6) 13411 82 g e
Linpuna nucta (cm) (B:Iplg:ﬁ:l t;ilt;ryc) 9.2+16 174 7.3 11.1
Leaf surface area (cm?) (HI‘;’?(‘*"V:‘I’" 2;;0) 160.8£34.5 28 1130 2402
(MoBepxHocTL nucTa, cM?) (BerigL\:a t;:)ry 0 82.1£26.4 32.2 54.2 120.3
Petiole length (cm) (Hlﬁ)?(:'v:';'l t’ig;c) 6908 Ui 8.5 8.0
(Onuna yepewka, cm) (B:Ipig:::a t;i::)fyc) 3.5¢1.4 40.0 2.1 5.8
5;‘:;3;7,";;‘3;;"13& 20.03+2.68 13.4 165 247
(nnomgpl’tti;g:loesps;ﬁgtrig 'lilqaeile:ﬂ(ﬁw;).qa cm?) 3.02:0.61 20.2 2.44 4.16
(Hacen o), 4.36+0.88 202 347 6.26
(S:c'ié Y.”:x‘%';‘KS?’r) 0.2920.04 13.8 0.20 0.36
L S AT e 1221436.9 30.24 % 213
"(Macea 1000 counn, o 1192002 168 117 121
(;;::aliggntgﬂsnmmn) 2082017 8.2 18 24
R =t el 1642014 85 15 20
Seed cross-sectional area (mm?) 2 78+0.45 16.2 22 a6

Mnowaab NONepeyHoro CeYeHUs CeMeHn, MM?

Lack of significant differences in leaf size and fruit weight was
indicated between the Crimean and Indian Physalis plants [18-
20]. On the other hand, literature data indicate the possibility of
a significant fruit size and yield improvement due to the growth
stimulator utilization [18].

P. peruviana leaves are cordate-shaped, developed on
renewal branches and shoots differing 1.6-2 times by their size
between the lower and higher tiers. The largest leaf surface was
recorded at the lower tire of the renewal shoots reaching 240
cm2 compared to 120 cm? surface of leaves from the branching
shoots of the lower tire (Table 4). Leaf shrinkage coefficient

reached 4.85-5.10. According to literature data P. peruviana
leaves and stems record cytotoxic and anti-prolipherative effects
on different cell lines, such as colon cancer cells, chronic
myeloid leucosis, lung, breast and liver [10-13].

Physalis calyx is also highly valued both in human health
maintenance and plant development. These fused sepals pro-
tect fruit from unfavorable climatic conditions from the moment
of fruit formation to fruit development and ripening. Its weight
composes only 6.65% of fruit weight at a mass ripening stage
(less than 0.3 g). During the first 20 days of fruit development
calyx supplies fruit with carbohydrates [29].

[ 20 ]
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GAE/g d.w.) [38], Peru (4.15 mg GAE/g d.w.) [33], and Northern
Chili, Atacama desert (4.43 mg GAE/g d.w.) [8].

Samples of the Crimean physalis and physalis fruit obtained
from the local supermarket (Colombia origin) recorded signifi-
cantly higher levels of the polyphenol content (Table 5). Such an
inconsistancy may be connected with the fact that polyphenol

3.3. Biochemical characteristics

3.3.1. Fruit quality

The most important physalis fruit characteristics are antioxi-
dant parameters, mono- and disaccharide, and carotenoid con-
tent (Table 5).

Table 5. Physalis fruit quality parameters (means of the 2023-2024)
Tabnuya 5. [Mokazamenu ka4ecmea nnodoe ¢huszanuca, cpedHee 3a 2023-2024)

Nikitsky Botanic Garden

Hukutckui 6oTaHMyeckun cag
Parameter

(Mapametp)

Columbia (imported fruit)
Konymbus, nmnopt

MSD Concentration range

?c'}’x?:ﬁgﬂl(;{;)m ) 2024192 18.3 - 22.1 17.75¢10
mvmﬁgﬂfu ((.!-I'?),(:l‘l?-aiﬁ'llglrd é“;;zov'l macchbl) 2zt IRk Izl
Fg;:::riig;;mgn:lﬁ:? I?t:aeet:)rll.:chv‘l:va{l)r CyXo0i Macchl) =l Uk Uit

;I'géau::: ?gzggiggumggggguﬁwma, mr/100 r cbipoi Macchl) 4511031 4.20-4.81 3.0410.30b
é:lt;)%?i;aactﬂgl)(mgﬂoo g f.w.) (AckopbuHoBas kucnota, mr/100 r 485435 a 45.0-52.0 47.0437 a
A A L D e el 49320 458-522 821662
Monosaccharides (% per d.w.) (MoHocaxapa, % Ha cyxoii Bec) 3513.0 a 33.0-38.0 30.4£29a
Total sugar (% per d.w.) (O6wui caxap, % Ha cyxoi Bec) 51x39a 47.2-55.0 45.614.1a
e e
Nitrates (mg/g d.w.) (Hutpatbl, Mrir cyxoit Macchbl) 2810.1a 27-29 1.240.1b

Values in lines with similar letters do not differ statistically according to Duncan test at p<0.05 3HaueHus 8 psidax ¢ 00uUHaKo8bIMU UHOEKCaMu

cmamucmuyecKu He pa3rnuyaromes coenacHo mecmy [yHkaHa ripu p<0.05.

Values presented in Table 5 indicate high content of the
ascorbic acid, polyphenol, carbohydrates, and high total antioxi-
dant activity of Physalis fruit which is in accordance with the lit-
erature data [14]. Thus, vitamin C concentrations were close to
the values described for physalis fruit of India [30,31], Argentina
[32], and Peru [33], though according to the Kumar data [19] the
ascorbic acid biosynthesis may be enhanced at least by 17% in
Physalis fruit under growth stimulator supply.

Contrary, total sugar content in the Crimean Physalis was
more than 1.5 times lower than the values described for the Peru
physalis fruit (75-85% d.w.) [33]. The latter phenomenon may
relate to significantly higher altitude of plant growth in Peru
(>3000 m above the sea level) compared to the Nikitsky Botanic
Garden (200 m above the sea level) as well as significant differ-
ences in plant ecotypes.

3.3.2. Polyphenol content

P. peruviana provides a wide spectrum of polyphenols,
including gallic, p-cumaric, hydroxybenzoic acids, and kaem-
pherol. These compounds increase glucose tolerance and
antioxidant status of diabetic rats, decreasing the level of oxida-
tive stress in brain [34,35]. According to literature data, mean
levels of polyphenols in P. peruviana fruit vary from 0.3 mg
GAE/g d.w. in Poland [36] to 7.3 mg GAE/g d.w. in Turkey [37]
and with intermediate values typical for Portugal (0.4-0.6 mg

levels in plants may be greatly affected by environmental factors,
genetics, and the chosen method of the extraction conditions
[39]. Thus, to explain the obtained phenomenon of great dis-
crepancy between the present results and physalis polyphenol
levels published earlier special investigation has been achieved
based on a comparison between different extraction methods
both on dried and fresh physalis fruit.

3.3.3. Effect of extraction conditions

on the results of the polyphenol (TP) levels

Optimization of polyphenol analysis for different plant
species and organs solicits the necessity of the develop-
ment of individual extraction conditions for the provision of
maximum extraction efficiency. The complexity of the prob-
lem, intensively discussed by numerous authors [40,41],
includes the possibility of polyphenol degradation both
under elevated temperature and as a result of significant
duration of the extraction process at moderate tempera-
tures due to enzymatic degradation, enhancement of the
determined polyphenol levels by virtue of polyphenol com-
plexes decay, and deactivation of the enzymes during heat-
ing. Besides, solvent polarity greatly affects the efficiency
of polyphenol extraction depending on the chemical struc-
ture of the target compounds, while small sampling size
arises the problem of probe representativity confirming

[ 21]
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great advantages of dry fruit power utilization compared to
fresh samples. Most of the published physalis data was
obtained on fresh fruit homogenates with the determined
concentration range of 0.3-7.3 mg GAE/g d.w.
[2,33,36,37,42,43]. Guine et al. [38] demonstrated signifi-
cant variations in the results of polyphenol determination in
physalis fruit under water, acetone, and methanol supply
for the extraction. Taking into account the high toxicity of
methanol and acetone, diluted ethanol at 80°C was used in
the present investigation as the main modification of the
extraction process. The efficiency of 50% methanol, water,
and 98% ethanol extract utilization at room temperature
was also evaluated for a comparison. And all the analyses
were achieved on dry and fresh physalis fruit.

The data presented on Fig. 2 indicate several peculiari-
ties of polyphenol analysis.

H20

50% MeOH

70% Et0H,20°C

%EtOH 80°C
a
| €
o _'—»h
L T T T
0 5 10 15
Bdry Ofresh

Polyphenol content (mg/g)

Fig. 2. Fruit polyphenol levels before and after sample drying at 70°C.
For each target (dry-fresh) values with similar letters do not differ sta-
tistically according to Duncan test at p<0.05
Puc. 2. YpoeHu nonugpeHosos, nostyyeHHble 6e3 u rnocse ebicyuwiu-
eaHus1 obpa3uyoe npu 70°C. 3Ha4yeHuUs1 ¢ 0OUHaKO8bIMU UHOeKcaMu
On1s cyxXux u ceexux obpa3yoe cmamucmuyecku He pa3siuyaromcs
coasiacHo mecmy [yHkaHa npu p<0.05

Thus, except 98% ethanol, all solvents used for the
extraction provided significantly higher levels of polyphe-
nols for dry fruit powder compared to fresh fruit with the
highest levels typical for 70 % ethanol both at 80°C and
room temperature. High polarity of water and 50%
methanol extracts recorded lower values of polyphenol
content in dried fruit compared to 70% ethanol, while fresh
homogenates were characterized by relatively close values
of phenols. Supposedly, the beneficial effect of the prelim-
inary fruit drying is connected with the deactivation of the
enzymes participating in polyphenol degradation. Contrary,
98% ethanol application provided higher polyphenol levels
in fresh fruit compared to preliminary dried ones.

Comparison of the results for the physalis fruit with
those obtained for dry leaves and calyx revealed even
higher differences in the results of polyphenol determina-
tion depending on the chosen solvent (Fig. 3). The data
presented on Figure 3 indicate that application of 70%
ethanol for polyphenol extraction of physalis leaves under
elevated temperature provided the best results with the
polyphenol concentrations decreasing according to: 70%
ethanol, 80°C > 70% ethanol, 20°C > 50% methanol > water
> 98% ethanol.

H,0 E i

50% MeOH

70% EtOH 20°C
a
T0%E+OH 50 °C *
i a
L e
98%EtOH
c

0 5 10 15 20 25 30

Polyphenol content (mg/g.)

[ calyx [ leaves [ fruit

Fig. 3. Effect of extraction conditions on polyphenol levels
in fruit, leaves, and calyx of Physalis peruviana.
For each organ values with similar letters do not differ statistical-
ly according to Duncan test at p<0.05

Puc. 3. BnusiHue ycnioeuli akcmpakyuu Ha codepxaHue
nonugpeHonoe 8 niodax, nucmesix u Yexnukax Physalis

peruviana. [insi kaxdo20 op2aHa 3Ha4eHuUsi ¢ 0OUHaKo8bIMU

UHOeKcaMu cmamucmu4ecku He pa3/iuyaromcsi co2s1acHo
mecmy [AyHkaHa npu p<0.05

As far as calyx is concerned, phenolic levels in this organ
were only slightly lower than the appropriate concentrations in
fruit preserving the same tendency of the concentration
decrease from the highest in case of 70% ethanol (80°C) to the
lowest for 98% ethanol application. These results confirm that
the utilization of elevated temperature during the extraction with
70% ethanol on dry physalis fruit, leaf and calyx homogenates
suits the demands of obtaining high yield of polyphenols and is
in accordance with the known relative stability of polyphenols in
these conditions for certain objects [40].

3.3.4 Carotenoid profile

The total carotenoid content in physalis fruit was usually char-
acterized by the predominance of beta-carotene [33] with the
rather wide range of concentrations 1.12-4.00 mg/100 g f.w.
[2,33, 36,42, 43]. In general, according to literature data, the
number of carotenoids in physalis fruit reaches 45 [42] including
lutein, B -cryptoxantine, (- and a-carotene [36]. The ripening

3 2 1 1]

(<2
/ Rf 0.9

o

B- carotene

Rf0.1

lutein

Fig. 4. Carotenoid composition
of Physalis peruviana fruit. TLC: Chromatographic paper
Watman 3A; hexane : acetone, 10:0.5
Puc. 4. KapomuHouOdHbIl cocmae nnodoe Physalis
peruviana.TCX: xpomamozpaguyeckasi 6ymaza
BammaH 3A, 2ekcaH: ayuemoH,10:0.5
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process is characterized by the conversion of lutein to beta-
carotene [33].

Carotenoid content and carotenoid profile in the physalis fruit
is governed to a large extent by fruit maturity and carotenoid dis-
tribution between peel, pulp, and calyx [2,43]. Thus, according to
literature data, the main physalis carotenoids are beta-carotene
and lutein with the highest content of beta-carotene for mature
fruit and thrice higher concentrations in peel, where lutein pre-
vails. The highest level of lutein was recorded in salyx [2].

The present results indicate the predominance of only two
carotenoids: B-carotene and lutein in the Crimean physalis fruit
(Fig. 4) with the total carotenoid level 1.51 times higher com-
pared to the data of the Colombian imported product (Table 5)
with the predominance of beta-carotene reaching 65.6% and
57.9% from the total content respectively. Taking into account
that the dietary intake of beta-carotene may reduce the risk of
developing chronic and age-related diseases [44], while lutein is
highly effective in treatment of age-related macular degeneration
[45] the obtained results confirm high medicinal value of physalis
fruit.

3.4. Mineral composition
P. peruviana is known to be rich in potassium, magnesium
and copper [8,32]. In this respect, the results obtained for fruit

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

OFruit @Leaves 0O Calyx

a

Micro- elementratio between plant organs

Fe

B

Fig. 5. Mineral distribution between fruit, leaves and calyx of
P. peruviana. Within each element values with similar letters
do not differ statistically according to Duncan test at p<0.05
Puc. 5. PacnpedeneHue anemenumoe (Fe, Zn, Cu, Mn, Co)
mexdy nnodamu, JUCMbSAMU U YexJsiuKkamu niodoe
P. peruviana. [Jns kaxdo20 ajieMeHma 3Ha4yeHusl
¢ oduHakoebIMU UHOeKcCaMu cmamucmuYyecKku
He pa3nu4aromcsi coeslacHo mecmy [lyHkaHa npu p<0.05

Table 6. Micro-element accumulation in the fruit Physalis peruviana in conditions of the Crimean southern sea shore (mg/kg d.w.)
Tabuya 6. CodepxxaHue mukpoanemeHmoe 8 nnodax Physalis peruviana e kynbmype FOxHoe2o 6epeza Kpbima, me/ke.c.s.

Organ Fe i
Fruit
nnoabl 67.846.0 c 11.59+0.81 b
Leaves
NueTbs 113.0£10.1 b 18.03+1.20 a
Calyx
Yexnuku 288.7+25.2 a 5.21+0.49 ¢
M£SD 156.5+116.7 11.6146.41
CV (%) 74.6 55.2
Chili fruit (*) 257 713

Yununckue nnoasbl

Cu Mn Co
7.77x0.73 b 5.360.50 b 2.11+0.19 a
10.69+0.98 a 9.17£0.82 a 2.32£0.21 a
3.63+0.31 ¢ 6.05+0.55 b 1.73£0.11b

7.3613.66 6.862.03 2.05+0.30

48.2 29.6 14.6

4.28 8.08 -

(*) literature data for Atacama P. peruviana fruit [8]. Values in columns with similar letters do not differ statistically according to
Duncan test at p<0.05 JlumepamypHbie daHHbIe Onsi modos P. peruviana fruit mycmeiHu Amakama [8]. 3HayeHusi 8 cmonbyax ¢
00uHaKo8bIMU UHOEKCaMU CmamucmuyecKku He pasnuyaromcsi coenacHo mecma [yHkaHa rnpu p<0.05

harvested at the southern Crimean shore indicated higher levels
of these elements compared to the appropriate data for the
Chilean product [8] (Table 6) recording valuable differences in
the mineral availability between these regions.

The mineral distribution between fruit, leaves and calyx of the
Crimean physalis revealed significantly higher levels of Zn, Cu,
Mn and Co in leaves, while Fe concentrations in calyx happened
to exceed the appropriate values in leaves and fruit by 2.6 and
4.2 times respectively (Fig. 5).

The phenomenon of Fe predominance in physalis calyx may
record both physiological and medicinal importance since this
organ is valuable for fruit ripening and is highly valued due to its
antioxidant, anti-inflammatory, and anti-carcinogenic properties
[46,47].

4. Conclusions

The results of the present investigation revealed high nutri-
tional properties of P. peruviana fruit grown at the southern
Crimean Sea shore and showed peculiarities of Fe, Zn, Cu, Mn,
and Co distribution between fruit, leaves and calyx with the pre-
dominance of Fe in the latter plant part. The Crimean climate
promotes the development of P. peruviana as a perennial plant
with high carotenoid content in fruit and high polyphenol concen-
trations in leaves, fruit and calyx. Comparison of different
polyphenol extraction methods allowed to indicate high benefits
of 70% ethanol application at 80°C using dried fruit powder. The
phenomenon of global warming makes it suppose a good suit-
ability of P. peruviana production at the southern Crimean Sea
shore.
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OLeHka B3aMOCBSA3en Mexay
OCHOBHbIMX MOPXO-
OMONIOrMYECKMIA MPU3HaKaMK
VMHTPOZYLIPOBaHHbIX

COPTOB [aMKoHa

PE3IOME

AxtyansHocTb. MHTPOAYKUMA HOBBIX NEPCNEKTUBHLIX OBOLUHLIX KYNbLTYP NPUOOPETAET BaXHOE 3HaYeHNe
[NSA pacluMpeHUst acCOPTMMEHTA W MOMOMHEHNS MULLEBOTO PaLMOHA HAcereHNs IKONOrNYecku YMCTON
npoaykuuen. Cpeav OBOLHBIX KyNbLTYp 0C060e MeCTo 3aHUMaeT JalikoH. [lo HacTosLLero BpeMeH! BOnpo-
Cbl MHTPOAYKUMW O6pa3LioB AailkoHa W3y4eHbl HepocTaTouHo. oatomy u3yyenne B3auMoCBf3eN MO
OCHOBHbIM MOpP)0-6MONOrMYeCKMM NpHU3HaKkaM y MHTPOAYLIMPOBAHHLIX COPTOB AalKoHa B CEBEPO-BOC-
TOYHOM YacTi Benapycy 1 x ncnonb3oBaHKe B CeneKUMOHHO paboTe ABNAETCA aKTyanbHbLIM.

Llenb uccneposanus. Usyyenne B3auMOCBfi3e# WHTPOAYLMPOBAHHLIX COPTOB AailkoHa MO OCHOBHLIM
Mopcho-6ronornyeckum npusHakam B CeBEePO-BOCTOYHOI YacTh Benapycu.

Matepuan u metoguka. MccnepoBaHus NpoBOAWIM Ha ONLITHOM Mone Kadeapbl NNOJO0BOLEBOACTBA
Benopycckas rocyaapcTBeHHas CenbCckoxo3aiicTBeHHas akapemusi B 20222024 ronax Ha AepHOBO-M0A30-
NNCTOU CpeAHeCYMUHUCTON NoyBe. ONbITbI GbINKM 3an0XeHbI ¢ COONIOAEHNEM arpoTEXHMYECKUX TpeboBa-
HWIA MO yX0Ay 3a pacTEHNSIMM B TeYEHMe BCEro nepuopa HabnoaeHui.

PesyneTathl nccneposanuit. Mpu cozpaHum HOBLIX COPTOB 0C000E BHUMAHWUE yAEnsioT B3aUMOCBSA3N
NPU3HaKOB, AN BbIBNEHMA KOTOPbIX NPUMEHSIOT CTAaTUCTUYECKNE METOABI, B YaCTHOCTH METOA koppens-
LMOHHOrO aHanu3a. AHanu3 M WCMoMnb30BaHWe B3aUMOCBSAI3eN CMOCOOCTBYHOT BbISBIEHUIO LIEHHOMO
MCXOAHOTO MaTepuana Ha pasHbIX aTanax OHTOreHe3a v NPoBeAeHHIO ero NpeaBapuUTenLHoro otéopa Ans
aApeCcHON CeneKLMM Ha OCHOBE OLIEHKU COMPSKEHHBIX CENEKLMOHHO-3HaYMMbIX NPU3HaKoB. B pesynbTate
“ccnesoBaHuiA NpY U3Y4YeHUM UTPOAYLIMPOBaHHbIX COPTOB AaiikoHa B 2022-2024 ropax AaHa CpaBHUTENb-
Has OLieHKa N0 OCHOBHBIM MOP(h0-GHONOTMYECKUM NPU3HAKaM: KOTMYECTBO IUCTLEB, ANNHA NUCTa U KOp-
Henmnopa, AMamMeTp M Macca KOpHennoaa, ypoxaiHoCTb. BbisiBNeHbI KOppensiuMoHHbIe CBA3N Mexay
HWUMM, YTO MO3BOMNMIIO BbIAENUTL NEPCMEKTUBHLIE COPTa, CNOCOBCTBYHOLME YCKOPEHUIO CENEKLIMOHHOM
npouecca B NoMCcKe MCXOAHOro MaTepuana.

3akntoyenmne. B pesynbTate KoppensiMOHHOrO aHanusa B cpeaHem 3a 2022-2024 ropbl ycTaHOBNEHa
cunbHasi NOMNOXMUTENbHAA CBA3b MEXAy NpU3HaKaMu «Macca KopHenmnoAa» U «ypoxaiHocTby (r=0,974),
cnabas B3aMMOCBA3bL MEXAY KONMYECTBOM NUCTLEB U ANnHOW KopHennopa (r=0,458), cpepHss — Mexay
LNuHOI KopHennoga u ero maccoi (r=0,584) u ypoxaitHocTbio (r=0,641). OCHOBHbLIMU XO3SINCTBEHHO LiEH-
HbIMM NPU3HaKaMK, OKa3bIBaIOLLMMI BNUSIHUE Ha YPOXAIHOCTB Y pacTeHU! AaNKoHa, ABNIAETCA Macca
[NYHa KopHennopa.

KIMOYEBLIE CIOBA:
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Evaluation of the relationships between
the main morpho-biological characteristics
of introduced daikon varieties

ABSTRACT

Relevance. The introduction of new promising vegetable crops is of great importance for expanding
the range and replenishing the population's diet with ecologically clean products. Daikon occupies a
special place among vegetable crops. To date, the issues of introducing daikon samples have not
been sufficiently studied. Therefore, the study of the relationships between the main morpho-biolog-
ical characteristics of introduced varieties of daikon in the north-eastern part of Belarus and their use
in breeding work is relevant.

The aim of the study. To study the relationships between introduced varieties of daikon according to
the main morpho-biological characteristics in the north-eastern part of Belarus).

Methodology. The research was conducted on the experimental field of the Department of Fruit and
Vegetable Growing of the Belarusian State Agricultural Academy in 2022-2024 on sod-podzolic medi-
um loamy soil. The experiments were laid out in compliance with agrotechnical requirements for plant
care throughout the entire observation period).

Results. When creating new varieties, special attention is paid to the relationship of characters, for
the identification of which statistical methods are used, in particular, the method of correlation analy-
sis. The analysis and use of relationships contribute to the identification of valuable source material
at different stages of ontogenesis and its preliminary selection for targeted selection based on the
assessment of associated selection-significant traits. As a result of research into introduced daikon
varieties in 2022-2024, a comparative assessment was made of the main morpho-biological charac-
teristics: number of leaves, length of leaf and root crop, diameter and weight of root crop, yield.
Correlations between them were identified, which made it possible to identify promising varieties that
contribute to accelerating the selection process in the search for source material).

Conclusion. As a result of the correlation analysis, on average for 2022-2024, a strong positive rela-
tionship was established between the characteristics “root crop weight” and “yield” (r=0,974), weak
relationship between leaf number and root length (r=0,458), average - between the length of the root
crop and its weight (r=0,584) and productivity (r=0,641). The main economically valuable traits that
influence the yield of daikon plants are the weight and length of the root crop.

KEYWORDS:

daikon, introduction, characteristics, correlation, relationship.
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BeepgeHue
BamHoe 3Ha4eHve B NMTaHNM YernoBeka, CrocobCTBYOLLEM
COXpPaHEHMO 300POBbS M MPOASIEHUIO KU3HW, UMET
oBowm. OHM GoraTbl HEOOXOAMMbBIMY AOfsi OpraHnu3Ma YernoBeka
MUHeparnbHbIMU COMsIMW, YrneBogamMu, MUKPO3NIEMEHTaMU,
duTOHUMAAMN, BUTAMUHAMMU, NO3BONSAIOLLMMY fy4dLLIE nepeBapu-
BaTb M ycBamBaTb nuwly. OOHUM U3 TakMX pacTeHU SBNseTcH
[avikoH, UIn SINoHckas pefbka. Buonormyeckne ocobeHHOCTU
[alikoHa, Takne Kak HeTpeboBaTenbHOCTb K YCIOBUSM Npomnspac-
TaHWs, CKOPOCMENOCTb, BbICOKAs U YCTOWYMBAs YPOXaWMHOCTb,
CNoco6CTBYIOT LUMPOKOMY €ro pacrnpoOCTPaHEHUD BO MHOTMUX

cTpaHax [1, 2].

Cpean MMpoBOro pasHoobpasns KynbTYpHbIX pacTEHWIA OCO-
00e MecTo 3aHMMaeT AalkoH. BbipalumBaHne gakoHa CBA3aHo ¢
abuoTtmyecknmm haktopamm cpenpbl, KOTOpble NPEeACTaBnstoT
cobo Heobxoaumble ANst KU3HEAEeATEeNbHOCTM pacTeHUn usm-
KO-XMMWYECKMEe YCINOBKS U NOAPAa3AensaTCs Ha KnnMaTuyeckme
(cBeT, TemMnepatypa, BNaxHOCTb BO3[yxa M MOYBbI) 1 apadmye-
ckve (MexaHU4yeckuii cocTtaB MoyBbl, 06ECNEYEHHOCTb Makpo- U
MUKPO3SIEMEHTAMW, 3aCOSIEHHOCTb, COAEpPXXaHUe TsHKEenbIX
MeTannoB 1 guokcuaa yrnepoga) [3].

[ns NononHeHnst KOnneKkUMn HOBbIM MCXOAHbLIM MaTepuanom
0COO6bI MHTEPEC NPEACTaBNSIOT CTPaHbl C PA3BUTON Cenekumen,
roe MHOroneTHSAS U LeneHanpaeneHHast paboTa no BbIBEAEHUIO
COpPTOB MpuBena K CO3[4aHui Havbornee LEHHOro COpPTOBOrO
MaTepuana.

B npouecce usyyenus konnekuun B ®enepanbHoOM uccneno-
BaTeNbCKOM LeHTpe "BCepoCCUNCKUA UHCTUTYT FeHeTUYeCcKuX
pecypcoB pacteHuin uMm. H. V. BaBunosa" paspabatbiBaeTtcs psag
TEOPETUYECKMX U METOAMYECKNX BOMPOCOB NMPOUNCXOXOEHWS, 3BO-
TOUMK, 3KOMOTMKN, CUCTEMATUKN N Knaccudukauum KynbTypHbIX
pacTeHu, X MexBUAOBOW U BHYTPMBMAOBOW AnddepeHuma-
Lnn; 3aKOHOMEPHOCTEN reorpadyeckon M3MEHUMBOCTM N peak-
UMM Ha pasnuyHble (akTopbl BHELUHEN cpenbl; reHeTUYeCcKoro
noTeHuMana BuaoB; METOAMKN Cenekumm (B YaCcTHOCTM, CO3AaHNA
reTepo3nCHbIX TMOPYAO0B); MPaBUIBHOTO Pa3MeLLEHNS KynbTyp Ha
TEppUTOPUN CTpaHbl C y4eTOM OMonorndyeckmx ocobeHHOCTel
pacTeHu 1 arpoknMMaTnyecknx ycrnosum [4, 5].

Mo MHeHuo psiga mnccnegoBaTenei, MHTPOOYKUMS pacTeHWUin
sIBNsieTCA CBOe0bpasHbIM CUHTE30M BOTaHMYECKOM M CeNTbCKOXO-
39ACTBEHHON HayK, U OonpeferieHHoe yyactue MeTodoB U npue-
MOB CeneKUUn pacTeHUI BMOSIHE OOBACHMMO W [OMYyCTUMO.
[anee oTMe4yeHO, cama Cenekums pacTeHWn, ecrnv oHa Nomnb3y-
eTcs pesynbTaTaMu MHTPOOYKLUUM PacTEHUIN HE3aBUCUMBIX MyHK-
TOB VHTPOAYKLMU, NOMy4aeT MMMYMbC AN CBOErO pa3BUTUS, OCO-
O€eHHO B 06M1acTn cenekummn HoBbIX BUOOB M cOpTOB. [Mpn aTOM B
CEeNbCKOX03ANCTBEHHOM NPOM3BOACTBE NOSIBMAITCS HOBbIE BUAbI
pacTeHui, B 4aCTHOCTM 4aunKoH [6, 7, 8].

Kak otmeuaeTt B./. Hekpacos (1980), Hanbonee nepcrnekTus-
HbIM cnocobom obecrneyeHnss pacTyLero HaceneHus nnaHeTbl
[0CTaTOYHbIM KONMYECTBOM MOMHOLEHHBIX MPOAYKTOB MUTaHUA
MOXET CTaTb WHTPOAYKUUS BbICOKOMPOAYKTUBHbBIX PaCcTEHWN.
[MpuHATO cunTaThb, YTO rMaBHbIE LENN MHTPOOYKLMUN KaK Hay4YHO-
ro HanpaBneHus — 3To pa3paboTka NpuemoB Nogbdopa pacTeHui
O nepeHoca B WHble MNPUPOAHO-KNMMATUYECKNE YCIOBUS,
MEeTOAO0B M3y4YeHUs1 peakumm pacTeHnn Ha n3MeHsioLwmecs dak-
TOpbl BHELUHEW cpedbl M aHanmM3a pes3yfbTaTOB WCMbITaHUS
WHTPOAYLIEHTOB B HECBOMCTBEHHbIX A4S HUX YCIOBUIA BblpaLu-
BaHus [9].

Cpepnm 0BOLLHBIX KyNbTYp 0C060€e MeCTO 3aHUMaEeT KynbTy-
pa gavikoHa. X03IMCTBEHHO BMonornyeckne nokasaTtenu gam-
KOHa MO3BOJIAIOT KyfbType 3aHMMaTb MPOMEXYTOYHOE MOoJslo-
XeHue mexay peaucom M peabkoin. KopHennogbl garkoHa
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UMEKT COYHYIO, HEXHYI MAKOTb. OTCYTCTBME B MSAKOTM crne-
UMUYECKON peaeyHon ropeyvn genaeTt BO3MOXHOW €€ yno-
TpebrneHne feTam 1 NOXWNbIM NOAAM, He onacasicb BpegHo-
ro BO34eWCTBMSA Ha cepaLe U NevyeHb.

B Bbenapycu Hay4Hble MCCRefoBaHWsA MO CO34aHUK0 HOBbIX
COpPTOB [JalikoHa npoBoAsiTcs B PecnybnukaHcKOM yHUTapHOM
npegnpuaTun  «HayyHo-npakTudecknin LeHTp HaumoHanbHon
akagemumn Hayk bernapycu no kaptodeneBoAcTBY M MIOL00BO-
wesoAcTBy». [1poBOASTCS MCCreaoBaHWs MO U3YYEHUI0 UCXOA-
HOro maTtepuaria no KOMMIEKCY XO35IMCTBEHHO NOMEe3HbIX NPU3Ha-
kos [10, 11].

[o HacTosLlero BpeMeHn BOMPOChI UHTPOAYKLUuM 06pasuoB
[anKkoHa He 13yyanuchb.

B cBA3M C 3TUM Lenbio UCCNefoBaHWA ABMANach U3ydeHve
B3aMMOCBSA3EN MHTPOOYLIMPOBaHHbLIX COPTOB [alikoHa Mo OCHOB-
HbIM MOPM0-OMONOrMYEeCKMM MNpU3HakaMm B CEBEPO-BOCTOYHOMN
yactn benapycu.

Martepuan n meToauka npoBeaeHUs UccriefoBaHUN.

O6bekTaMmn nccnefoBaHUA SBAANUCHL WHTPOOYLIMPOBaHHbIE
copTa fanKoHa.

ViccnepoBaHust NnpoBOAUIM Ha OMbITHOM More kadeapbl nio-
pooBoleBoacTBa bernopycckas rocygapcTBeHHasi CenbCKOXO-
3ancTBeHHasa akagemuns B 2022—-2024 rogax Ha AepHOBO-MOA30-
NMCTON cpefHecyrnuHucTon nodse. O6bekTamy nccnenoBaHui
ABMANMCb COpTOOOpa3ubl AankoHa (29 WT.), UHTPOOYLMPOBaH-
Hble u3 Kutas, a Takke copta 6ernopycckoin 1 pOCCUNCKON Cenek-
unn. OnbITbl ObINK 3anN0XeHbI ¢ COBNIOAEHNEM arpOTEXHNYECKNX
TpeboBaHuUii NO yxoay 3a pacTEHUsIMU B TEYEHWe BCEro nepmoaa
HabnoaeHnn. B peaynbTaTe npoBedeHns uccrnenoBaHuii NpoBo-
annu cpeHonornyeckme HabnwaeHs, Mopdornornyeckoe onuca-
HMe pacTeHuid. MoBTOPHOCTL OMbLITOB TPEXKPATHas!, pasMeLLeHne
OensHoK paHgomusvpoBaHHoe [12, 13].

Broxmmuyecknii aHanns pacteHui NPoBOANIN B XMMUKO-3KO-
norvyeckon nabopatopuun bernopycckas rocygapcteeHHas cerb-
CKOXO3AMCTBEHHAs! akagemMusi No OOLEenpUHATEIM MeTOAMKaM
cornacHo NOCTam.

Cratuctuyeckass obpaboTtka pesynbTaToB MCCNeaoBaHWN
BbinonHeHa no b. A. JocnexoBy [12] Ha M3BM IBM PC/AT ¢
ncnonb3oBaHMEM MakeTa MpuKnagHbiX nporpamm bBuocrar,
Microsoft Excel 7.0.

[Moces copToB gankoHa B 2022 roagy nposoaunun 16.07, B 2023
rogy — 19.07 n 2024 rogy — 22.07. Ha4ano y6opku B 3aBUCUMO-
CTM OoT roga wu copta nposogunu c¢ 27.09 no 09.10.
MeTeoponoruyeckue ycnoBus B rogbl NPOBEAEHUsSI MCCreaoBa-
HWN OTNMYanucb MO TemnepaTypHbIM MokasaTensM BO3AyXa,
KOnmM4ecTBy aTMOCepHbIX 0CafKoB, YTO criocobcTBOBano 06b-
E€KTUBHOWN OLEHKE M3y4YaeMmblX cOpToobpasLoB MO M3yyYaembim
npu3Hakam.

OT60p M3yyaeMoro MCXoOHOro martepuana no eHoTUMnmYe-
CKUM Mpu3HaKam MpeacTaBnsieT GONbLION MHTEpec ONns cenek-
LMOHHOM paboTbl. [nst nony4yeHns nonoXuTernbHbIX pe3dynbTaToB
HeoOXoOoMMbl 3HaHUSI B3aVMOCBSA3EW 3TUX MPU3HAKOB Mexay
cobol.

Kak oTmeuvaroT uccrnegoBaTtenu, 3HaHWe XapakTepa 1 CTeNeHu
KOPPENSILMOHHOM 3aBUCMOCTU MeXAy OTAENbHLIMU NPU3HaKamu
Yy pacTeHVin MO3BOMSIOT NPOBOAWTH NpeaBapuTErbHbIN OTOOP
ncxogHoro matepuana [13,14,15,16]. B Toxe Bpemsi, Npu3HaKku
MOTyT U3MEHATLCS U B ONpefeneHHOW CTENEHU U 3aBUCAT OT
yCNoBUi BblpalimMBaHns pacTteHui. osTomy B CeneKkuMOHHOWN
paboTe BaXHO BbISIBNIEHNE TEX B3aUMOCBSI3eN, KOTOpble Hambo-
nee 4YeTKO BblpaXKeHbl M CTabUIbHO MPOSBMSATCA B pasHble
rogsbi.
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CEJIEKUMA, CEMEHOBOACTBO M BMOTEXHONOIMMA PACTEHUA

KayectBeHHyl0 Mepy CBSA3M OLEeHMBalOT Mo abcomTHOMY
3HaveHuo koadpcuumerTta (ot 0 go 1). TecHOTy B3aMMOCBSA3U
MPUHATO CYUTaTb MO HECKOMbKUM YPOBHAM. Tak, ecnv koaddu-
LmeHT koppensaumm paseH 0,99 0,7, To 3TO cunbHas ctaTucTude-
ckasi B3ammocBssib; 0,5 0,69 — cpeaHss; 0,2 0,49 — cnabas; 0,09
0,19 — oyeHb cnabas. Mpu koachdULMeHTe Koppenauum, paBHOM
HYII0, KOPPENALUS: OTCYTCTBYET (AaHHble hakTopbl Mexay coboi
HenTparnbHbl).

Mpy ycTaHOBREHUM 3aBUCMMOCTM Mexay Mopdo-bronornye-
CKMMU Npu3Hakamu (Tabn.) y MHTPOAYyLMPOBaHHbIX COPTOB AalkKo-
Ha B cpegHem 3a 2022-2024 rr. oTMeYeHa JOCTOBEPHO CUibHas
MONOXMTENbHAs CBA3b MEXAY: MaccoW KOpHensoga u ypoxaw-
HocTbto (r=0,974), crnabas B3aMMOCBSA3b MeXOy KONMYECTBOM
NMCTBEB 1 AnuHoW kopHennoza (r=0,458), cpeaHss — mexay aAnu-
HoM kopHernnoga u ero maccon (r=0,584) u ypoxanlHOCTbIO
(r=0,641).

B cpepnHem 3a Tpu roga oveHb cnabasi CBA3b OTMEYEHa Mexay
KONMMYeCTBOM NUCTBLEB U AvameTpoM kopHennoga (r=0,174), cna-
6as — Mexay npu3Hakamu «KONMMYECTBO FUCTBEBY», «AJMHA
nmcTa», «AMaMeTp KOpHenmnoga» M UsyvyaembliMy NpusHakamu,
KpoMe Mnpu3Haka «anameTp KopHenmoga.

OCHOBHbIMM XO3SIMCTBEHHO LIEHHBIMY NPU3HaKaMu, BIMSIOLLM-
MW Ha YypOXaWHOCTb, Yy PacTeHW OankoHa SABNSieTCs macca u
AnvHa kopHennoga. CTaTuCTUYeckn OOCTOBEPHO YCTaHOBMEHA
(Tabrmua) B 2022 rogy cunbHas B3aMMOCBS3b MexXay ypoxau-
HOCTBIO M Maccow kopHennopa (r=0,998). BbisieneHna criabas
CBSI3b MexXAy NMpu3Hakamy «4rnvHa KOpHenmnoaa» n «Macca Kop-
Hennopga» (r=0,457), «ypoxanHocTtb» (r=0,460).

B 2023 rogy mexgy maccor KopHennoga W ypoXanHOCTbHO
Habnoganack cunbHasa ceasb (r=0,942), cpeaHsAs mexay ANUHOW
n maccon kopHennoga (r=0,599) n ypoxariHocTblo (r=0,696).
Takke OTMevyanacb CpefHsisi B3aUMOCBS3b MeEXAy MNPU3HAKOM
«KOJTMYECTBO JIUCTLEB» W MPU3HAKaMU «Macca KOpHenmnoda» u
«YPOXaANHOCTbY.

Ob6paTHas koppensunoHHas cBssb B 2023 n 2024 rogax ycra-
HOBIEHa MexXay OJIMHON KOpHennoaa 1 AMamMeTpoM KopHennoaa
(r=—0,211 n r=-0,179). Mexay Npu3HaKkoM «KOJIMYECTBO ITUCTb-
eB» B 2022 n 2024 rogax Habnioganacb crnabas cBA3b Mexay
MaccCoW KOPHENso4a U YPOXXaNHOCTbHO.

CnenyeTt OTMETUTb, YTO B rofbl UCCNEAOBaHUN, CUNbHAas
B3aMMOCBSA3b MeXZy MacCoW KOPHeMnoAa M ypoXalHOCTbIo
coxpaHsinacb. YCTaHOBMeHa, kKak B cpefHeM 3a Tpu roga
nccnenoBaHuin, Tak 1 No rogamM CpefHAs B3auMOCBSA3b MEXAy
ONTMHOW KOpHennoga W npu3HakaMm «Macca KopHennoga» u
«YPOXaMHOCTbY.

MonyyeHHble AaHHbIE CBUMOETENMbLCTBYIOT O TOM, YTO ypOXaw-
HOCTb [allkoHa He CBsi3aHa C KONMYECTBOM JINCTLEB, ANMHOM
nMcTa U AMameTpom KopHennoaa. B 6onbluen cteneHu cunbHas
B3aMMOCBA3b HabntogaeTca Mexay Maccow KopHennoga u ypo-
XKaMHOCTbIO, CPEeAHsst — MeXay AJIMHON U Maccol KopHennoaa 1
YPOXXaHOCTbHO.

Tawke Oblna ycTaHoBIEHa cunbHasi obpaTHas CBA3b OJIMHOWN
KOpHennoaa v ero auameTpom. Mexay anameTpoM KopHennoa
N KONMYeCTBOM NUCTLEB Habnoanack crabas B3aMMOCBSi3b.

YCTaHOBMNEHO, YTO Ha ONMHY U AMaMeTp KOpHennoda AnvHa
NCTa He oKasblBarna CyLLEeCTBEHHOMO BIIUSHUSI.

Tabnuya. KoppensiyuoHHble cesizu Mexdy Mopgho-6uono2uyecKuMu npu3Hakamu OalikoHa
Table. Correlation links between morphological and biological characteristics of daikon

MpusHaku 1 2 3 4 5 6
2022 .
1 1
2 0,479 1
3 0,202 -0,073 1
4 0,174 -0,057 0,132 1
5 0,292 0,333 0,457 0,156 1
6 0,306 0,339 0,460 0,144 0,998 1
2023 r.
MpusHaku 1 2 3 4 5 6
1 1
2 0,238 1
8 0,602 0,013 1
4 0,121 0,507 cp -0,211 1
5 0,527 0,242 0,599 0,283 1
6 0,564 0,279 0,696 0,234 0,942 1
2024 r.
MpusHakn 1 2 3 4 5 6
1 1
2 0,294 1
3 0,620 0,125 1
4 0,185 0,103 -0,179 1
) 0,433 0,216 0,623 0,290 1
6 0,477 0,234 0,689 0,268 0,981 1
2022 - 2024 rr.
Mpu3Hakun 1 2 3 4 5 6
1 1
2 0,320 1
3 0,458 0,037 1
4 0,174 0,260 -0,035 1
5 0,413 0,253 0,584 0,263 1
6 0,445 0,275 0,641 0,240 0,974 1

lNpusHaku: 1 — «konu4ecmeo nucmees, Wmy, 2 — «dnuHa nucma, cm», 3 — «dnuHa KopHennooda, cMy», 4 — «Quamemp KopHennoda, cM», 5 —

«Macca KopHernnooda, e», 6 — «ypoxaliHocme, m/2ay.
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3aknoyeHue

YCTaHOBNEHb! KOPPENSLUMOHHbIE CBSI3W MEXAY OCHOBHbLIMMU
MOpdO-61oNorMyYecK MmN NpU3HaKaMmn y COpTOB AalikoHa U BbisBrie-
Ha MexXay HUMKM 3aBMCUMOCTb. B cpegHem 3a Tpu roga vccrneposa-
HUI OTMEeYeHa [OCTOBEPHO CUIbHAs! NMOMNOXMUTENbHASA CBSI3b MEXY:
Maccoln kopHennoga v ypoxarHocTeto (r=0,974), cnabasi B3avmo-
CBS3b MeXOy KOMMYECTBOM IUCTLEB W OJIMHOM KOPHENMoaa, cpea-
HASt — MEXIY ANMHON KOPHENOoAa M ero Maccov 1 YPOXaHOCTbHO.
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['eHeTnYeckne pecypcsl
HEeKOTOpbIX NpeacTaBuUTeneu

poaa Allium L.
PE3IOME

C opeBHMX BpeMeH BUAbLI poaa Allium vrpanu 3HauuMTenbHY posb B paLMoHe YenoBeka, B Tpa-
OVLMOHHOW MepuUMHe ANs NeYeHUs MHorux 3aboneBaHun M B oduuManbHON MeauLMHe B
Ka4yecTBe Cbipbf, a TaKXKe NeKapCTBeHHbIX U NpodunakTuyeckmx cpeacts. Putoxummuyeckue
BellecTBa, Takne Kak cepoopraHuyeckme coefuHeHusl, peHoNbHbIE COeAUHEHUSA, XUPHbIE KUC-
NOTbI U CanoOHWHbI, CBA3aHbl C AHTUOKCUAAHTHLIMU U NPOTUBOMUKPOOHLIMU CBOMCTBAMU ITUX
BMAOB, CPeAU MHOTMX APYrMX Guonormyecku akTUBHbIX BelecTB. Bce yacTu pactenus, Bknio-
Yyas nyKoBuLY, NUCT, nceBAoCcTe6eNb, KOpeHb, LUBETOK U CeMsl, NPOSABNAT aHTUOKCUAAHTHbIE
CBOWCTBAa B aHanu3ax, NpPoBeAEeHHbIX B YCNOBUAX in vitro. XapakTepHble puUTOCOEAUHEHMS,
KOTOpPbIe CNOCOGCTBYOT NPOTUBOMUKPOOHON aKTUBHOCTM NYKOBLIX KyNbTYP, BKIHOYAKOT annu-
LMH, afX0eH, annunoBbIi CIUPT U HeKoTopble Auannuncynbduabl. HaHoyacTUlbl, CUHTE3Mpo-
BaHHble ¢ Ucnonb3oBaHuem BuaoB Allium, Takke U3BeCTHbI CBOUMM 3aMETHbLIMU MPOTUBOMMUK-
po6HbIMK cBolicTBamMu. Bugbl poga Allium saBnsoTCA NPOAYKTOM C BbICOKOW MULEBOWN LieH-
HOCTbH0, a Gnarofaps BTOPUYHLIM MeTabonuTam ero Takke MCNONb3YT ANA 3aWUTbI paCTeHUN
C MOMOLLbH Pa3NUYHbIX MPOAYKTOB, CO3AAHHLIX HA OCHOBE ero GMONorMYeckn akKTUBHbLIX KOM-
noHeHToB. [peactaButenu popa Allium ueHATCA 3a WX YHUKaNbHbIA MaKpPO3NEeMEHTHbIN
cOCTaB M UCNONb3YKTCA B KayecTBe MNonynspHbix oBoweW M cneunit. B Poccuiickoin
®depepauuu cylecTByeT 3HauuTeNnbHoe Guonoruyeckoe m mMopdonoruyeckoe pasHoobpasme
KyNbTYpHbIX U ANKUX BUAOB Nyka. 3a nocneaHue Heckonbko net Bo BHUNO - cimnuan ®rEHY
®HLUO npoBepgeHa obwwupHas nporpamma cbopa M uMccnefoBaHMA NpeacTaBuTened popa
Allium. YctaHoBneHa Bbicokasi Mopdionoruyeckas U Gmoxummyeckass M3MEHYMBOCTbL M3y4ae-
MbIX BUAOB, YTO MOXET ObITb UCNONbL30BAHO B CENEKLMOHHbIX MPOrpamMMax v npu BblpawuBa-
HUK COPTOB.

KNOYEBBLIE CITOBA:

Allium, reHeTUYeCKue pecypcbl, UCCNeAoBaHMs, 06pasLibl, KNOHLI, CopTa

Genetic resources
of some representatives
of the genus Allium L.

ABSTRACT

Since ancient times, species of the genus Allium have played a significant role in the
human diet, in traditional medicine for the treatment of many diseases and in official med-
icine as raw materials, as well as medicinal and prophylactic agents. Phytochemicals
such as organosulfur compounds, phenolic compounds, fatty acids and saponins are
associated with the antioxidant and antimicrobial properties of these species, among
many other biologically active substances. All parts of the plant, including the bulb, leaf,
pseudostem, root, flower and seed, exhibit antioxidant properties in in vitro assays.
Characteristic phytocompounds that contribute to the antimicrobial activity of onion
crops include allicin, ajoene, allyl alcohol and some diallyl sulfides. Nanoparticles syn-
thesized using Allium species are also known for their notable antimicrobial properties.
Allium species are a product with high nutritional value, and due to secondary metabo-
lites, it is also used to protect plants with various products created on the basis of its bio-
logically active components. Allium species are valued for their unique macroelement
composition and are used as popular vegetables and spices. In the Russian Federation,
there is significant biological and morphological diversity of cultivated and wild onion
species. Over the past few years, an extensive program of collecting and studying Allium
species has been carried out at VNIIO - a branch of the FSBSI Federal Scientific
Vegetable Center. High morphological and biochemical variability of the studied species
has been established, which can be used in breeding programs and when growing vari-
eties.

KEYWORDS:

Allium, genetic resources, research, samples, clones, varieties.

[ 30 ]


https://crossmark.crossref.org/dialog/?doi=10.18619/2072-9146-2025-3-30-37&domain=pdf&date_stamp=2025-07-07

BeepeHune
I_Ipe,El,CTaBVITeJ'IM Bugos Allium cuyntatoTca ApeBHENLINMU
KyNbTYPHbIMW PacCTEHUSIMU, O YEM CBUOETENbCTBYIOT
unncTpaumm, kotopbiM 6onee 5000 neT, HangeHHble B ErvnTe.
B yacTHoCTM, Ha unniocTpaumax MnokasaHbl MOAENU FyKOBULY
fniyka penyaToro M YecHoKa, KoTopble, Kak npegnoraraeTcs,
ABNSATCA NepBbIMU OKYNbTYPEHHLIMU Buaamm atoro poga [1,2].
MHdopmaumsi 0 ToM, YTO UX UCMONb30BaHME B MUTAHUN YeroBe-
Ka COXpaHsieTcsl U Mo cel [AeHb, CBUAETENbCTBYHOT pa3mepbl
TEPPUTOPUN, Ha KOTOPbIX BbipalUMBalOT 3TU BUAbl, @ TaKke
KONMMYECTBO Hay4HbIX paboT, B KOTOPbIX 3TV PacTEHWs OnucaHbl
N UCCrneaoBaHbl.

Momumo opxugen, Allium L. (Amaryllidaceae J.St.-Hil.:
Allioideae Herb.) — ognH 13 KpynHenwmnx pogoB OO4HOLOJNBHbIX
pacTeHWI, HacuMTbIBaOLWMIA B HacTosiee Bpems Gonee 1000
NPW3HaHHbIX BMAOB [3-6], B OCHOBHOM pacnpoCTpaHeHHbIX MO
Bcemy CeepHomy nonywapuo [6]. Tonbko ogumH Bua (A.
dregeanum) 6bIn MOEHTUMULMPOBAH B HXHOM MOMyLLapWu
(FOxHasa Adpuka) [7]. KniouyeBble uLeHTpbl GropasHoobpasus
pacrnonoxeHbl B 3acylunuBbiX U cybapuaHbix pervoHax HOro-
3anagHon un LeHTpanbHon A3un, 3aHMMasi panoHbl
CpeanseMHoMOpbS, NpocTuparowmecs Ao 3anaga Manow Asuu.
[pyro 3HaYNTENbHO MEHbLUMA LEHTP HaxoAauTcs B 3anagHou
yacTtu CeBepHoli AMepukm [6-8]. PacTeHus gaHHoro poga npegn-
NOYTMTENbHO NPOU3PACTaloT B 3aCyLUIMBOM KNUMaTe 1 XOPOLLO
cebs 4YyBCTBYIOT Ha OTKPbITbIX, CyXMX WU COMHEYHbIX y4acTKax.
OHM peKo BCTPeYaTCH B ryCTOW pacTUTENbHOCTU U NMPU3HaHbI
cnabbiMM KOHKYpEeHTamMu CcopHsAkam. Tonbko B ropax TsHb-
LLlaHs, oTnnyaroLmxcst BICOKMM YPOBHEM 3HAEMMU3MA, B YMCIIO
16 kpynHenwwmnx pogos BkoyeH pog Allium ¢ 56 TAHb-LUaHbLCKU-
Mu aHgemukamm [10].

OrpomHble MopdonorMyeckme, LMTONOrMYeckne 1 reHeTnye-
Ckne BaprabenbHOCTN OTPaXKeHbl B CIIOXXHOW TaKCOHOMUYECKOW
CTPYKType popa, cocToswero u3 15 nogpogos n 72 cekuui
[1,11]. Mo oueHkam, okono 650 BMOOB UMEKT HECKOSbKO Ha3Ba-
HUA-cMHOHMMOB. 3a nocnegHue 10 net ObINo onucaHo Gonee
10 HoBbIX cekuui. Bce nocnepytowune dunoreHeTnyeckue
nccnegoBanna poga Allium noaTeepavnv Tpu 3BOSOLMNOHHbIE
NHWUK B poae, BKYass MOHOMUIETUYECKOE MPOUCXOXAEHME
BCEX MOAPOAOB B MEPBOM W BTOPOW 3BOSTHOLMOHHBLIX JIMHUAX
[6,8,9,12,11-15]. ®unoreHeTU4eckme OTHOLLUEHUS B TPETbEW
(camon momnopow) nNuHUKM MeHee fAcHbl. CormacHo nocnegHuM
nccreaoBaHMUsiM, MHOrMe nogpoAbl B TPETber fNMHUKM He
SABNAOTCS MOHOUNETUYeckMMU. B OCHOBHOM 3TO KacaeTcs
nogpogoB Allium, Cepa (Mill.) Radi¢, Reticulatobulbosa
(Kamelin) N. Friesen, Rhizirideum (G. Don ex Koch) Wendelbo
n Polyprason Radic¢ [6,8,12,13,16].

Bonee 50 Bupos Allium WMPOKO BbIpALMBAKOT MO BCEMY
MUPY UINN NOKanbHO B Ka4eCTBe KynbTypHbIX pacTteHui. Kpome
TOro, OYeHb MHOIVE AMKOopacTyliue Buabl cOOMPalT MeCTHbIe
XWUTEnu B Npupoae ANsi UCNOMb30BaHNs B Ka4eCTBe OBOLLEN, B
NEKapCTBEHHbIX LENsaxX UM B KayecTBe OeKOopaTMBHbIX pacTe-
Hul [17]. Mo paHHbiM FAOSTAT, KpynHenwmmMmn nponssoauTe-
nsamu Bugos Allium 6einn Kutan (23 659 708 T nyka penyartoro
n 20 712 087 T yecHoka) n NHama (26 738 000 T nyka penyaTto-
ro n 2 907 000 T yecHoka) [18].

Pon Allium wvmeeT Ba)XHOe€ 3KOHOMWYECKOE 3HaAYeHwue,
NMOCKOSbKY pacTeHus1 MHOTUX U3 ero BUAOB CbedobHbl U LEHAT-
Csl 3a MCMONb30BaHWE B KA4yeCTBE OBOLUHbLIX KyIbTyp, creuui
WU NEeKapCTBEHHbIX pacTeHuin. Cpean aTMX BUOOB NyK penya-
TbI (A. cepa) aBngeTca Hanbonee ynotpebnsembiM us-3a ero
LUMPOKOro UCMOSb30BaHUSA B KayeCTBE OCHOBHOWM MpunpaBbl K
pa3HoobpasHbiM 6ritogam. [pyrve BaxkHble BUAbI C TOYKM 3pe-
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HUSA MUTaHMSA U SKOHOMMKK BKMtoYatoT A. sativum, A. ampelopra-
sum, A. fistulosum, A. tuberosum w A. schoenoprasum.
CbepnobHble YacTn 3TUX BUOOB ABMSIOTCA O0ratbiMM NCTOYHMKA-
MU YrIeBOAOB, BKMoYas PpykTo3y U rnioko3y. BHelwHasa vewlys
NYKOBULIbI COOEPXKUT 3HAUMTENBHOE KONMMYECTBO apabuHO3bl U
ranaktosbl, HEKOTOPble He3aMeHMMble aMWHOKUCIIOThI, Takue
Kak rnyTamuMHOBasi KMCMOTa W aprvHUH, SBMSKOTCA BaXXHbIMU
pesepBaTopamu a3oTta. [pyrne croxHble GMONOrnMYeckn akTmB-
Hble COeAQVHEHMS BKITHOYAOT CanoHMWHbI, BUTaMuHbl (A, C, Bs 1
Bg) 1 HeszameHVMMble amemeHTbl, Takme kak docdop, Kanun,
KanbUWA, MarHum, LMHK, MapraHel, HaTpWuii, >xerneso, CerneH u
mMenpb [19,20]. XopoLLo U3BEeCTHO, YTO OMONMOrMYeckn akTUBHbIE
BELLECTBa, Takune Kak eHosbHble COeanHEHUs, PUTOCTEPOSbI U
KUPHbIE KUCIOTbI, SABMSOTCS HEOTHEMIIEMOW 4YacTbi MHOIMMX
pacTeHUN, 1 OHWN NPUBEKNN BonbLIOe BHMMaHUE nccnegoBaTe-
new ns-3a 1x nosnb3bl 418 340poBbs YernoBeka. MHorne uccne-
[OBaHUA Mokasanu dapmakoniormyeckme CBOWCTBA BUAOB
Allium, Bkmovas aHTMMUKPOOHYO, MPOTMBOBOCMANUTENBHYIO,
NPOTMBOOMYXOMNEBYO, NMPOTUBOBUPYCHYIO W aHTMOKCUMOAHTHYIO
aKTMBHOCTb, KOTOPblEe CBSA3aHbl C YMOMSAHYTbIMU (OUTOXMMUYE-
CKUMW coegmHeHuammu [21-26].

Mopdonornyeckme xapakrepuctuku sunaoB Allium

PacteHns atoro popa xapakTepusylTcs IykoBuULamu,
3aKk/tOYEeHHbIMU B MepenoHYaThble, BOMIOKHUCTbIE UMNN ceTyaTble
000504kKM, CBOOOAHBIMW UM CPOCLLMMUCS B OCHOBaHMM valle-
nvctukamu [11]. NlykoBuubl nyka obnagatT cneaylowmmMm Mop-
hONOrnYeckNMmM  XapakTepucTukamu: noa3emMHble  4acTu
(HacToswmn ctebenb, CTPyKTypa NyKoBuLbl, nceBaocTebens),
NACT, LLBETOHOXKA, LIBETOK, COLIBETUE, NIOA U ceMs. XOTS BUAbI
Allium NmMerT MHOTO CXOXMNX XapakTePUCTUK, KaXKAbIN BUS TaKKe
obnagaeT CBOUMW yHUKamnbHbIMW MOPEONOrM4eckMMm 0CcobeH-
HOCTAMW. OTO — ABYNETHUE UITN MHOTOMETHME pacTeHUs C Kop-
HeBWLaMu, NyKOBULLAMU UMK pasgyTbiIMU KOPHSIMU B KayecTBe
OpraHoB XpaHeHWsi NUTaTenNbHbIX BellecTB. JlykoBuua cocTouT
N3 HacTosiLLero ctebns, N3BECTHOIO Kak NPUKOpHeBasi MITacTUH-
Ka, CBEXWUX YTOILIEHHbIX JIMCTbEB, CyXUX NUCTbEB, MOKPbITbIX
000noyKoM, M Moyek, U3 KOTOpbIX pa3BMBaETCs LIBETOHOC.
JlykoBUUbI BbIMMAOAT OOMHOYHBIMU (HacToswasi nykoBuua —
NyK penyaTbivi Ny NceBaonykoBuL,a — NyK-nopen) unm cobpax-
HbIMW B rpynnbl (NTyKOBMLA COOEPXUT HECKONBbKO MIIOTHO Yro-
XKEHHbIX 3yOKOB, pPacronoXeHHbIX Ha NMPUKOPHEBOW MMAaCTUHKE
— YecHok). HekoTopble BUabl 06pa3syoT MarneHbKMe fyKOBUYKH,
M3BECTHbIE KaK [JOYepHME IyKOBWLbI, KOTOpble MOryT ObITb
MCMNOsb30BaHbl B KA4YeCTBE MaTepuana anst pasMHoXeHus, pac-
MOMOXEHHbIE BOKPYT CTapbIX NyKoBUL. JINCTbsi pas3Hoi opMbl
(TpybyaTble y nyka penyartoro / nnockue y YecHoka). OcHoBHas
yacTb nucTbeB obpasyeT ncespoctebens. CouBeTUs 30HTUKO-
BUHbIE UINK rofioBYaThle, PACMoNoXeHbl Ha BepXyLUKe 6e3nmcT-
HOro LuBeToHoca. Monogble CouBETUsI MOKPbITbI 0bepTkamu.
LiBeTkn copepxaTt LWeCTb CBOOGOAHLIX MM MOYTM CBOBOAHLIX
NIMCTOYKOB OKOJOLBETHMKA, PacnonoXeHHbIX B ABYX MYTOBKaXx;
TBIMMHOK LLIECTb, KOTOPbIE TAKKE PACMONOXEHHBIX B ABYX MyTOB-
Kax, MHorga coeauHeHHbIX GasarnbHO; 3aBsA3b TPEXrHesgHas,
BepxHsiA. HekoTopble Buabl MOryT 06pas3oBbiBaTb JyKOBUYKU
BMECTO BCEX UM YacCTu LIBETKOB B COLIBETUSIX, KOTOPbIE MOXHO
ucnonb3oBaTb B KayecTBe MaTepuana [Onsi pPasMHOXEHWUS.
Mnoppl npeacTaBnsAlT cobor Kancyrnbl; CEMeHa YepHble, poM-
6oBuaHoOM unu cdeponagansHon dopmbl [1].

CoxpaHeHue reHeTU4Yecknx pecypcos Buaos Allium
CoxpaHeH/e reHeTUYeCcKNX PecypcoB PacTeHWN, Kak AWKMX,
Tak U KynbTUBMPYEMbIX, SABMSAETCSA BaXKHOW 3ajadven Ana yde-
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HbIX, MOCKONbKY OHO NMPeACTaBnseT U obecnevmBaeT yCToONYM-
BOCTb OyayLiero npovn3BOACTBa NPOAOBONbLCTBUS, NPOLOBOSb-
CTBEHHOW 6€30MacHOCTN U SKOHOMUYECKONM CTabMITbHOCTM, OCO-
6€eHHO B YCMOBMAX TEKYLLMX UBMEHEHUI KNUMaTa 1 pocTa Hace-
neHus.

eHeTu4eckMe pecypcbl pacTeHUI paccMaTpuBalTCHa Kak
LEHHbIN WCTOYHUK PEenpoOAyKTMBHOrO MaTepuana pacTeHui
Ons Npou3BoACTBa MPOAYKTOB MUTAHWS, CENbCKOro XO3sii-
CTBa, Cenekunn pacTeHui, Hay4YHbIX NCCNEAOBaHUA N ApYrnx
Lenen, cBsA3aHHbIX C MULLEBON LENo4Ykon. B OCHOBHOM OHM
coxpaHsatTcs B 6GaHKkax CEMSIH UNu B BUAeE MONEBbLIX KONMek-
LM, HO NCNOMb3YTCA N Apyrue Metodbl. PacTeHus, koTopble
NpevMyLLEeCTBEHHO Pa3MHOXalTCHA KIMOHaNbHO WKW BereTa-
TMBHO, NMMOO He [alT CeMSAH (Y4ecHOK), NMbo cemeHa He npwu-
BOOAT K HacTodwemy Tuny (nyk penyaTbli, NyK-lIanoT).
CoxpaHeHure X 3apofbllLeBoW nNnas3Mbl HE06X0AMMO, HO TPy-
[0OEMKO M B OCHOBHOM OrpaHM4YMBaeTCs NOSIEBbIMU KOMJEeK-
umMamu ex situ wnu metogamum in Vvitro n KpUoKOHcepBauuu,
OOCTYMNHbIMW ANS HeKoTopblX BUAOB [27]. Monesble reHHble
6aHKn MexayHapoaHOro, HauWOHanbHOro, pPervoHanbHOro
WM MECTHOrO 3Ha4YeHWUs1 B HACTOsILLee BpPeMsi XpPaHAT OKOJSo
400 000 ob6pasuoB, a Gonblias YacTb KMOHANbHOrO pacTu-
TENbHOro Martepuana XpaHUTCsl B MOMEBbIX KOMMEKUUaxX ex
situ [28].

Konnekuun 3apoabllieBoir nna3mMbl ABASOTCA NCTOYHUKOM
pa3HooOpasunsi, BaXXHOro AN CENEKUMOHHbIX nporpaMm. Onsa
BereTaTMBHO pa3MHOXaeMbIX BUOOB, TaKUX KaK YECHOK, Nyk-
wanoT n gpyrve Buabl Allium, xapakTepuctuka Konnekuum
3apoAblleBoit Nna3mMbl HA OCHOBE X Mopdonorun n puToxu-
MMUYECKOro cocTaBa BaXkHa Anst maeHTudumkaumm n otbopa
KITOHOB C NPEBOCXOAHbIMU arpOHOMUYECKUMUN, BUOMOrNYECKN-
MW W NONe3HbiMM AnA 340poBbs npuaHakamu [29,30].
CuunTaeTcs, YTO BapvaLun Mexay BeretaTMBHO pas3MHOXae-
MbIMU KyNbTypaMu NpouCXoaaT 3a CYET CryvalHbIX MyTauui
M aganTtauum K pasfnMyHbiM MecTam npowussoactea [31].
MecTHbIN pacTUTEnbHbLIN MaTtepuan MoXeT MMeTb ocobble
CBOWCTBa B pe3ynbTate aganTtalum K MECTHbIM arpo3Kosnoru-
YeckuMm ycnosusam [32,33], a coxpaHeHne Takoro maTtepuana
MOXeT YyBenunuuTb OnopasHoobpasue konnekuun. MNoatomy
Ba)KHO cOOMpaThb, OLlEHMBATb U COXPaHATb TakMe YHUKanbHbIe
o6pasupl, YTOObLI He 4ONYCTUTb UX ObICTpON yTpaThl [32].

CoBpeMeHHOe CenbCKOe XO03AMCTBO MpeanovyMtaeT MOHO-
KynbTypbl 1 UCMOMNb3yeT NULlb HEOOMbLUYI YacTb JOCTYMHbIX
BMOOB N copToB. MHOrve nokanbHble MeCTHble copTa Obinn
3aMeHeHbl 6oree ypoxxaliHbiIMM COpTaMu 3a CYeT aganTUBHO-
CTM K OKpyxatollen cpefe u pasHoobpasusi 3apoabllleBon
nnasmbl. 1o oueHkam, NOTepss MECTHbIX COPTOB UM 3KOTUMOB
coctaBnseT 75% oT obuero reHeTnyeckoro pasHoobpasus
pacTeHWin, a WUc4ye3HoBeHMWe pasHoobpasus depMepcKknx
MecCTHbIX copToB gocturaet 90% [27].

B nocnegHue roabl npunaraTcsa yeunusa no naeHTuduka-
UMM 1 ONMUCaHMK MECTHbIX COPTOB /151 COXPAHEHUs reHeTu4e-
CKOW CTPYKTYpbl OT 3p0O3uUK, a Takke Onst 3aluTbl MECTHbIX
arpoOHOMMYECKMX MPOU3BOACTBEHHbBIX CUCTEM C MOMOLLbIO
MeXONCUMMNIIMHAPHOIO CENbCKOXO3SANCTBEHHOIO, Ouonornye-
CKOro 1 XxummMmuyeckoro noaxoga [34-36]. MHorme MecTHble
copTa OBOLLEN XOpPOLLO aganTUpoBaHbl K KNUMaty, yCTonyu-
Bbl M 6OraTbl NONIE3HbIMU BGUONMOrMYECKN aKTUBHBLIMU COEANHE-
HUAMMW, UCTOPUYECKM UCMONb3YIOTCA U OOCTYMNHbI hepmepam
1 NoTpebuTensam, a Takke ABNAKTCS NOMEe3HbIM TOBAPOM ANs
MECTHOrO pblHKA OpraHU4Yecknx MpPOAYKTOB MUTAHUS.
OKynbTypeHHbIE COpPTa, MECTHbIE CopTa, 3KOTUMbI UK Npesa-
CTaBUTENN AUKOW OIiopbl BbI3bIBAOT BCE OOMbLUNA MHTEPEC

Kak C 9KOHOMMWYECKOW, TaK U C TOYKU 3pEeHUSA NnTaHms. Takum
obpasom, OueHKa reHeTM4YecKkoro pasHoobpasus pacTeHun
SIBNSAETCA OCHOBOW CEMNbCKOXO3ANCTBEHHbLIX MCCNeaoBaHUN,
CENEKLMOHHbIX MPOrpaMM 1 ynyyleHUs CenbCKOXO3ANCTBEH-
HbIX KynbTyp [37,38].

Poccuiickass ®efepaums sBnsieTcs ogHoM M3 Goratennx
CTpaH C TOYKM 3peHns bropasHoobpasms: B obLLenn CroXHOo-
CTU HacumTbiBaeTca 2700 pasnnyHbIX SHOEMUYHbLIX BUAOB U
noasuaoB 13 20 TbiC. OOHaApPYXXeHHbIX BMAOB pacTeHun. o
OaHHbIM 6a3bl AaHHbIX TEHETUYECKMX PecypcoB pacTeHui
BWP, Ha Tekywuii MOMEHT B CEMEHHbIX TEeHHbIX GaHKkax u
noneBbIX KONMMeKUunsax ex situ xpaHutcs 6onee yem 320 ThbiC.
obpasuoB (6onee 2 TbiC. BUAOB) KYyNbTYPHbIX U AUKOPACTYy-
wux pacteHun [39]. Kak npaBuno, B WMHCTUTYLMOHANbHbIX
Konnekumsx nmeetcs 6onblee konuyectso obpasLoB; ogHa-
Ko 6asa paHHbIX OOHOBMSIETCS TOMBKO MOCne AeTanbHOro
Mopdoonornyeckoro onucaHust obpasuoB. 100-neTHAsS poc-
CuicKkas BCEMUpHas KOMNeKuus TreHeTUYEeCKUX pecypcoB
OBOLLHbIX M BaxyeBbIX KynbTyp, XxpaHsawascs B BUP, Bknoya-
eT bonee 52500 obpas3uoB 3apoAblleBON Mnasmbl pa3HOro
crtatyca n3 98 ctpaH, npuvHaanexawux k 31 6oTaHn4yeckomy
cemencTtry, 148 pogam, 610 Bngam. Hanbonee wmnpoko npea-
cTaBneHbl cemenctBa TbikBeHHble (26,4%), [MacneHoBbie
(20,4%), KpectouBeTHble (14,5%), 3oHTU4YHbIE (11,5%),
AmapaHToBble (7,2%), AcTtpoBble (5,7%). YHMKanbHOCTb Kon-
nekuunn BUP coctaBnsieT 30-80%. MNacnopTHas 6a3a gaHHbIX
BKINtovaeT Bce obpasubl konnekuun [40].

XopoLo n3BeCcTHO, 4To B Poccuiickon degepauum npucyT-
CTBYyeT 3HauuTenbHoe Guomnorumyeckoe n Mopdonornyeckoe
pasHoobpa3une KynbTypHbIX U aukux sugos Allium. Bo dpnope
Poccun HacumntbiBaeTca okorno 200 supo poga Allium L.,
ofHako Tonbko 15 BMAOB HaWMM LIMPOKOE MPUMEHEHUEe B
NpakTUKe CEMNbCKOro XO351IMCTBA W BKIIOYEHbI B CENEKLUMNOHHbIN
npouecc. K Hanbonee pacnpocTpaHeHHbIM B KynbType Braam
OTHOCATCS NMyKW penyaTbii U YECHOK, Mopen, wanot, 6aTyH,
WHWTT, CNX3YH, AyWUCTbIN [41]. B pe3ynbTaTe COBMECTHOM
paboTbl yyeHbix PIBHY ®HLIO n BUP B nepuoa ¢ 2010 no
2021 roabl 3anoxeHbl KOMNMEKUNOHHbIE MUTOMHUKU JTYKOBbIX
KynbTyp pasnMyHOro aKonoro-reorpadu4yeckoro npomcxoxage-
Hus: 500 KONneKUMOHHbIX 00pasLoB YecHoka o3nmoro, 350 —
NyKoB MHoroneTtHux, 125 — nopes, a Takke 110 copToobpas-
yoB wanota, 50 — yecHoka sipoBoro n 10 — nyka NpUYECHoOY-
Horo (pokambons), cTaBliMe OCHOBOW AN MPOBEAEHUS pas-
HOMMAHOBbLIX Hay4YHbIX UccrnegoBaHun [42].

Bo BHUNO - cunmnan ®rbHY SHLIO B nocnegHue
HecKonbKko neT ObINM NpoBedeHbl TwaTenbHble UccneaoBa-
HWS MO XapaKTepuCTMKe 3apOoAbllLeBOW MNna3mbl YeCHOKa u
npeactasutenen Allium. B HacTosiLLee BpeMs OH COCTOUT U3
221 poccuiicknx n 3apybexxHbix 00pasLoB YeCHOKa 03MMOro U
18 — 4yecHoka sipoBoro, 86 BMAOB Apyrvx npencraBuTenen
Allium. Co3fgaHbl 1 BKIOYeHbl B [ocygapcTBeHHbIM PeecTtp
CENEKLMOHHbIX JOCTMXEHUN, AOMYLLEHHbIX K UCMOMb30BaHUI0
Ha TeppuTtopun P®, copTta 4ecHoka osummoro [napguaTop,
MmnepaTop, YyecHoka sspoBoro copT 'vnnokpaT, nyka anTtbliH-
Konbckoro copT 3onoTow ctaHgapT, nyka OwaHuHa copT
Mepcen.

YecHok

3a nepuoa ¢ 2014 no 2024 rogbl Bo BHUNO — dunnane
®rbHY ®HLIO un3yuyeHo 221 obpasey 4yecHoka o3umoro n 18
06pasLoB YecHoKa APOBOro NPEUMYLLIECTBEHHO OTEYECTBEHHO-
ro MPOVICXOXOEHUSA MO KOMMIEKCY XO3AWCTBEHHO LIEHHBIX Mpu-
3HakoB (Tabn.1).
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Tabnuya 1. O6pa3ybi YecHOKa, Usy4yeHHbIe 8 Kosnekyuu eo BHUNO — ¢punuan ®rbHY ®HLO 3a nepuod 2014-2024 200bi
Table 1. Garlic samples studied in the collection at VNIIO — branch of the Federal State Budgetary Scientific Institution Federal Scientific Center of
Garlic for the period 2014-2024

®dopma yecHOKa MpoucxoxpaeHue Yucno o6bpasuyoB
Garlic shape Origin Number of samples
Poccuiickas ®egepauys 138
Kuraiickasi HapopHas Pecnybnuka 18
Benopyccus 12
KasaxctaH 11
Y36ekucTaH 10
lOxHas Kopes 6
Cepbus 5
YecHOK 03UMBbIN
Ervnet 4
AsepbaiimkaH 4
Typums 5
CoepuHeHHble LLTatsl Amepuku 3
M3pannb 5
Tannaxg )
Wranus 1
Poccuiickas ®egepauys 17
YecHok sspoBom
Mcnanws 1

BonbLuyto YacTb 3TOM KONNEKUMUM cocTaBnsoT obpasLbl, Npu-
0OpeTeHHbIe Y YaCTHUKOB, NpeacTaBnsolie cobon MecTHble
dopmbl U 06pasupl, NpMobpeTeHHbIE B PO3HUYHOW CeTU, Npea-
cTaBnsowmne coboi, B GONbLUMHCTBE Cry4YaeB, KOMMeEpPYECKMe
copTa.

OTMmeYeHo, YTO, Kak MpaBuo, 3aBe3eHHbIe U3 ApYrMX MecT
06pa3subl yCTynatoT Mo YpoXKaHOCTM COpTaM U KITOHaM YECHOKa,
BblpalLMBaeMbIX B [aHHbIX YCMOBUSX B TEYEHME HECKOIbKUX
net. B cBs3M ¢ 3TUM AN OGBLEKTUBHOM OLIEHKM 06pa3sLoB
Heo6Xxo4MMO NPOBOAUTL OTOOPLI MYYLLNX NYKOBUL, U U3yvaTb UX
B TeYeHUe He MeHee ABYX neT. OgHaKo CyLLEeCcTBYIOT U UCKIOYe-
Hus. Tak, obpasel 19 xxx n copT Jloballa NnposiBUNM BbICOKYHO
NNacTUYHOCTb U ObiNM CTabWnbHO MNPOAYKTUBHbLI, HA4YMHAsA C
NnepBOro roga uccneaoBaHus.

OTMe4yeHa NoBbLILWEHHAsi 3apa)KeHHOCTb 06pasLoB pasnuy-
HbIMY dUTONaToreHamu, nonyveHHblx 13 Kutanckon HapogHowm
Pecny6nuku 1 10XXHbIX PerMoHoB Hallew cTpaHbl. BelgeneHo 3
obpasua 4ecHoka 03VMMOrO C MOBLILIEHHOW YCTOMYMBOCTBIO K
dutTonaToreHHbIM rpubam.

Bce vccnepoBaHHble obpasubl, nonyyvyeHHble n3 Kutamnckon
HapogHon Pecny6nukn, KasaxctaHa, Y3bekucTtaHa, HOxHoW
Kopeun, Cepbun, Erunta, W3pauns, CoeanHeHHbix LUTaToB
Amepuku, Typunn, VicnaHnm xapakTepu3oBanmcb OCTPbIM BKy-
coMm. Bce obpasupl, nonyveHHble n3 Tannanaa, natb 06pasuoB
n3 Poccuickon depepauum 1 oguH obpasel, n3 benopyccun
XapaKTepun3oBanmcb MonyoCcTPbIM BKYCOM.

BonblWMHCTBO 00pa3sLOB XapakTepunsoBannchb NoXxenTeHnem
KOHYMKOB NUCTLEB B nepwuopg Beretaumu. Juwb y 5 obpasuos
370 sBMeHne He nposiBunock. Cpeam HMx 3 obpasua umenu poc-
cunckoe npoucxoxgeHme, 1 — un3 KasaxctaHa n 1 — u3s
AzepbangxaHa.

[ns nccnegoBaHMs cnocOBHOCTM YeCHOKa akKyMynupoBaThb
repMaHuin B eCTECTBEHHbIX YCIOBUSIX Mcnonb3oBany 24 obpas-
ua, BbIpaLlEeHHbIX B paBHUHHbLIX YycrnoBusx BopoHexckon (1

obpasel), Mockosckor (9 obpasuos), Teepckon obnactax (9
06pasLoB) 1 B ropHbix ycroBusax npoBuHumn WanbayH, KHP (1
obpaseu), KapavaeBo-Yepkeccum (2 obpasua), MopHoro AnTas
(2 obpasua). Cpean M3y4veHHbIX Obino 19 06pasuoB YecHoka
o3umoro 1 5 o6pasuoB YecHoka sipoBoro. Pe3ynbTaThl Halmx
nuccnefoBaHUi nokasanu, YTo Coaep)KaHne repMaHums B NIyKOBU-
uax 6onblUMHCTBA 00pa3LoB YECHOKA, BbIpaLLeHHbIX B pasnuy-
HbIX 3KOMOro-reorpadmyeckmnx yCrnoBusix, Obino 04eHb HUKUM U
cocTaBnsano meHee 4,2 Mkr/kr. Pasnuymna no cogepxaHuto rep-
MaHus Mexay ob6pasuamy YecHoka SpoBOro 1 03UMoro He obHa-
pyxeHbl. Tonbko B ogHOM M3 00pasLoB, BblpalleHHOM B
KapadaeBo-Yepkeccuu, cogepxaHue repmaHms coctasnsno 5,0
MKr/kr. IMpu 3TOM U3 NMTEpaTypHbIX UCTOYHMKOB M3BECTHO, YTO
cofepXaHne repmaHmns B YECHOKE MOXET cocTaBnsaTb 4o 2780
mKr/kr [43].

Konnekuuwn in vitro nnn KynbTypa TKaHewh pacTeHun cno-
cobecTByOT COXpPaHeHUo reHeTnYecKnx pecypcosB.
Hanbonblyto LEeHHOCTb MpeacTaBnsalnT aMOpMOKynbTypa U
KynbTypa anvkanbHbIX MepucTeMm noberos, a nNpu UCMNosnb3o-
BaHMM (POpPM YECHOKa CTPErKYHLLEerocs — KynbTypa BO34yLu-
HbIX JTYKOBMYEK, W30MMPOBAHHBLIX M3 COLBETUA B MOMEHT
BbIXOZla U3 Na3yxu BepxXHero nucra. IMeHHo aTu TexHonoruu,
npyu cobnogeHnn onpefeneHHbix npaeun, obecneuyvBatoT
reHeTMYeCcKyt CTabubHOCTb NoNyYyaemblX pacTeHWUA pereHe-
paHTOB, OTCYTCTBME WHMEKUUA U pasMHOXEHME MCXOOHOTrO
maTtepuana [27,44]. [ononHuTenbHble NpenmyLlecTBa KO-
NEeKLMIN YeCHOKa in vitro BKNOYaKT HE TOSIbKO KOMMaKTHOCTb
XpaHeHus1, MeHblUune TpeboBaHUA K NPOCTPaHCTBY, HO U BO3-
MOXHOCTb pa3MHOXeHWs B Mto6oe BpeMsi roaa, 6e3onacHocTb
obmeHa maTepmanom. Mcnonb3oBaHUE MOHWXKEHHBIX Temne-
patyp (0...+2°C), cpe C NOHWXEHHbIM COAEPXaHUEM MuTa-
TenbHbIX BELIECTB U, OCOOGEHHO, caxapo3bl MO3BONSAKT B
TeyeHue 6-12 mecsiueB 6e3 nepecagku NogaepxuBaTb pacTu-
TenbHbIN MaTtepuan [45].
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Jlyku MHoroneTHue

OBOIMOUMOHNMPOBAB B Pa3fMYHbIX 3KOMOTMYECKMX HULLAX, OVKUE
POLOCTBEHHMKM Jyka pernyaToro 4acto AeMOHCTPUPYHOT adanTaLmio K
KOHKPETHbIM YCMOBUSIM OKpY>KaloLLen cpeabl: YCTOMYMBOCTb K
6ornesHsM 1 TONepaHTHOCTb K CTpeccopaM OKpyXarollen cpefpl,
CBOWCTBa, KOTOpbIE MOTyT OTCYTCTBOBaTb Y KyIIbTUBMPYEMbIX COP-
TOB [46]. 3TM Npu3HaKM MoryT ObITb BKIMKOYEHbBI B NPOrpaMMbl CEeNnek-
LMK Anst NoBbILLEHVS afanTUBHOCTU U YCTOMYMBOCTM KynbTUBMPYE-
Moro nyka penyatoro [47]. Hanpumep, HekoTopble Aukve BUAbI
nyka, Takve kak A. asarense, A. roylei, A. galantum, A. oschaninii, A.
turkestanicum, A. pskemense, A. altaicum, A. farctum, A. praemix-
tum, A. rhabdotum, A. vavilovii BEMOHCTPUPYIOT YCTOMYMBOCTb K
CYPOBbIM YCMOBWSAM, TaKUM Kak 3acyxa, 9KCTpemaribHble TeMnepary-
pbl UM nnoxasi noyea [48]. dunoreHeTUYeCKNe UCCreOOBaHMSA
nokasanu, 4to A. vavilovii sBnsieTcst Hanbonee 6rM3kMM AMKUM poa-
CTBEHHUKOM nyka penyatoro [49,50]. N3yyas ckpelumBaeMoCTb U
WHTErpupys ajanTuBHbIE MPU3HAKM 3TMX OMKUX POOCTBEHHWKOB,
CenekuMOoHepbl MOryT CO3fjaBaTb COpTa fyka penyaroro, nydile
NpYCnocobneHHbIE K CTPECCOBLIM YCMOBUSAM BbipalLmBanus [51].
Hannuve reHeTndeckoro pasHoobpasusi y AMKUX POACTBEHHUKOB
crnocobCTByeT paclUmMpeHno reHodoHaa, AOCTYMHOro Afst Mpo-
rpamMm cenekuum nyka penyaroro [52]. BeegeHue reHoB aTuUX OUKUX
POLCTBEHHUKOB MOXET YIyYlUUTb TakMe XapaKTepUCTMKM, Kak
YCTOMYMBOCTb K 6ONE3HsIM, nuTaTenbHble KadyecTsa 1 Bkyc [53]. OTu
reHeTu4yeckne pecypcbl MOryT CroCOOCTBOBAaTb BbIBEAEHWIO YIy4-
LUEHHbIX COPTOB fyKa pen4yaToro, OTBEYaLMX KOHKPETHbLIM
noTpebHOCTAM NoTpebuTenel 1 pbiHKa, a Takke peLleHno BO3HU-
KaroLLMX Npobnem B BbipalLMBaHWK Jlyka pen4aroro.

MoneBble reHHble GaHKVM NpeacTaBnsAloT COOON BaXKHbIN METOZ
coxpaHeHusi BuaoB Allium, koTopble (hOpMUPYIOT TYropocrible ceme-
Ha UM pa3MHOXatkoTCsa BereTatvBHbIM MyTeM. CemeHa 3Tux KaTero-
pwvii BUOOB OObIMHO HE MoAnexaT COXpaHEHMIO; CKopee, OHU CoXpa-
HSAKOTCA KaK KMBbIE pacTeHVs B MOMEBbIX eHHbIX GaHkax. OToT
MeToq npeanornaraeT BbipallyBaHNE N COOEpXKaHme X1BbIX pacTe-
HUN Ha BbIOpaHHbIX TeppuTopusix [54]. MoneBble reHHble GaHKku
MOTyT cofepXaTb LUMPOKWIA CMeKTP 06pasLoB, BKIYas VKX pos-
CTBEHHVKOB 1 MECTHblE COpTa, COXpaHss 3apOoAbILLEBYHO Mria3vy B
€CTECTBEHHbIX YCIMOBUAX BbIpalLMBaHMA. OTO MO3BOMSAET coxpa-
HATb, XapaKTepn3oBaTb U OLEHMBATb MHTEPECHbBIE NMPU3HAKW B KOH-
KPETHBIX YCMOBKSAX OKpYKaloLlen cpefbl. Takue Konnekuum Tpe-
OyIOT NOCTOSHHOIO YMpaBfieHUsi 1 MOHUTOPUHIa Ansi obecneveHns
BbDKMBaHUSI U LIENOCTHOCTU pacTeHuid. Hanpumep, MeHHbIi GaHk
MHCTUTYTa reHeTrkM pacTeHVn W UCCNEefoBaHWN CenbCKOXO35M-
CTBEHHbIX pacTteHun um. Jlenbuuua (IPK) B Tatepcnebene,
epmaHns, KOTOPbIV XPaHUT OJHY M3 KPYMHEWLLUX B MVPe 3apofbl-
weBon nnasmbl Allium, nmeeTr 6onee 2000 o6pasLoB, KOTOpble
MOCTOSIHHO XPaHSITCA B UX MOJIEBOM reHHOM OaHke [44]. Takke B
noneBoM reHbaHke peroHanbHbIX CTaHLMA HaXOAATCs BereTaTve-
HO pa3mHoxaeMble Buabl Allium, B TOM Yncne Te, KoTopble OTHece-
Hbl K PEOKNM, MCHE3AOLLMM 1 HAXOASALLMMCS Mo, yrpo301 NCHE3HO-
BeHus [55]. XoTs1 coxpaHeHWe reHeTUYeCcKUX PecypcoB B YCIOBUSIX
MoneBoro reHHoro 6aHka TpebyeT agekBaTHbIX Mep 6e30MacHOCTU 1
YCTOMYMBOCTM, 3TOT METOZ, NMONE3€EH C TOYKW 3PEHUST XapaKTePUCTU-
KN 1 OLIEHKUN, KOTOPbIE MOXHO NErKo NMpPOBECTU Ha YKOPEHMBLLNXCA
pacTeHusX.

CoxpaHeHune, kaTtanormsaums 1 UCrnonb30BaHne 3apoabILLEeBON
nna3mbl Allium — 3To coBMecTHas paboTa psiga yupexxaeHuin, opra-
HM3aLMIN 1 YaCTHbIX 1L, Mo BceMy Mupy [56]. HesaBncmumo oT Toro,
OCYLLIECTBIISIOTCS X 3TW YCUIUSA HaLMOHAmbHBIMUA UM MeXayHa-
POAHBIMY XpPaHUMULLLAMW, OCHOBHAS LIEMb OCTAETCs TOM XKe: Coxpa-
HWUTb 1 Mcnonb3oBaTtb npucyllee Allium reHeTuyeckoe pasHoobpa-
3vie Ans TekyLmx 1 OyayLmx uccrnenoBaHuii, CenekLmnm 1 Bbipallm-
BaHus [57]. HaumoHanbHble xpaHunuwa obblMHO COCPedoTOuUEHbI

Ha COXpaHeHUM reHETUHECKMX PECYPCOB, OBHAPYKEHHBIX B UX CTpa-
Hax. OHM 4acto cogepxaT Oonbluoe pasHoobpasve o0bpasuoB
Allium, yHVKanbHbIX ANs CBOMX PErMOHOB, TEM CaMbIM COXPaHss
reHeTM4eckoe pasHoobpasune CopToB BHYTPY CTpaHbl [58]. 3Tu xpa-
HUNMLLLA CRyXKaT BaXKHENLLMM PECYPCOM [rs OTEYECTBEHHbIX CEeNnek-
LIMOHHbIX W 1CCrieoBaTenbCkux nporpamm. MexxayHapoaHble peno-
3UTOPUN ChbIrpani BaXkHylO POrib B COAENCTBMM OOMEHY 11 COBMECT-
HOMY WCMONb30BaHWIO Pa3HOOOPAa3HbIX TEHETUYECKNX PEeCypcoB
mexay ctpaHamu [59]. MNog ynpaBneHnem MexxayHapoaHbIX, pervio-
HarnbHbIX Y HaLUMOHAaIbHBIX CENbCKOXO3SMCTBEHHbIX YYPEXOEHUN,
Takux kak LeHTpbl CGIAR (KoHcynbTatuBHas rpynna no mexayHa-
POOHBIM  CEeNbCKOXO3ANCTBEHHLIM NCCIENOBaHUSM), pa3Hoobpas-
Hble 00pa3subl Allium Obinn NonyYeHbl U3 pasHbIX reorpadnyeckmx
pernoHos [59].

C uenbto aetanbHOWM OLEeHK cobpaHHbIX 06pa3LoB Ha Mopdo-
NOMMYECKOM 1 BNOXMMMYECKOM YPOBHSIX UCMONb3YHOTCS pasnnyHble
WHCTPYMEHTBI. STV MEpONpUATUS MOTYT UMETb peLuatoLliee 3Have-
HVe AN cUcTeEMaTU3aumn, XapakTepUCTUKA 1 AarnbHenwmx uccre-
[0BaHWn 06pa3LioB U3 KOMIEKLMU, YTO B KOHEYHOM MTOre NpuBeaeT
K CO3[j@HMI0 COPTOB C YMyYLUEHHBIMW arpOHOMUYECKMMM NMOKasaTe-
namu. MocKonbKy CoOXpaHeHMe reHeTUHECKoro pasHoobpasns MecT-
HbIX 3KOTMMOB Y TPAAULIMOHHBIX COPTOB CTaHOBUTCS BCe Oornee Bax-
HbiM B rnobanbHoMm MacwTabe, konnekuust Allium B WHCTUTyTE
MOCTOSIHHO pacLUMpPSIETCS.

Bce MHoroobpasvie aMkopacTyLLMX BUOOB JYKOB OCTAeTCs HEBO-
cTpeboBaHHbIM COBPEMEHHON MeOWLMHON, YTO, MO-BUAMMOMY,
obycrnoBneHo crnabomn M3y4EeHHOCTBI0 X XUMUYECKOro cocTasa. B
ycnosusix MockoBcKkov 06nactv B rpynne MccriefoBaHHbIX MyKOBbIX
KynbTyp codepxaHue Cyxux BelLLlecTB BapbupoBasnio oT 8,6 (A.
leucocephalum) po 19,3 (A. narcissiflorum), B cpegHem — 23,6+ 2,9%;
HuTpaToB — oT 110 (A. ramosum) o 256 (A. tuberosum), B cpegHeEM
— 175,3+37,5 mr/kr cblpo Macchl; MOHocaxapoB — OT 2,6 (A.
oschaninii, A. altyncolicum, A. ledebourianum) po 4,2 (A.
ascalonicum, A. ramosum, A. cyrilli), B cpeaHem — 3,3+0,6 % cbipoi
Macchl; ackopouHoBow kncrnotbl — ot 119,2 (A. pskemense) po 133,5
(A. suworowii), B cpegHeM — 126,0+4,1 Mr% CbIpOl Macchbl; XIopo-
dunna ot 138 (A. pskemense) po 289 (A. gultschense, A.
ascalonicum) mr/100 r cyxoii Macchbl, B cpeaHem — 219,1+46,8 mro%;
kapoTtuHa —oT 14,5 (A. pskemense) 0o 33,1 (A. barsczewskii), B cpen-
Hem — 24,2449 Mr/Kr CbIpOl Macchbl; TMOPOKCUKOPUYHBIX KACIOT — OT
169,8 x10-3 (A. oliganthum) po 185,0x10-3 (A. sewerzowii), B
cpegHeM — 174,4+3,9 x10-3% cyxoii Macchl; ¢oriaBOHOMAOB — OT
289,8x10-3 (A. oliganthum) po 311,3x10-3 (A. sewerzowii), B
cpeaHeM — 296,015,0%x10-3% cyxon maccel (Tabn. 2) [60].

OueHunBanm Groxmmmyeckre nokasaTeny CbeAoOHbIX LBETKOB 5
BuaoB Allium L. w3 3 nogpogoB u 5 cekuuii n3 Guokonnekumm
BHUMO — cdonnman ®reHY ®HLIO. B rpynne nccneaoBaHHbIX STyKo-
BbIX KyNbTyp COAEpXaHue Cyxux BelLecTB BapbupoBarno ot 11,67
(A. suaveolens) oo 13,22 (A. cernuum), B cpeaHeM — 12,23+0,60 %;
CyMMbl KapoTuHomagoB — oT 21,03 (A. globosum) po 27,01 (A.
rotundum), B cpepgHeM — 24,21+2,76 mr%; dnasoHomaos — ot 0,29
(A. globosum n A. suaveolens) oo 0,33 (A. rotundum v A. carinatum),
B cpegHem — 0,31+0,02 %. CbenobHble LpeTku Allium xopoLuo Boc-
MPYHMMaIOTCA NOTPEOUTENAMU, YTO MOXET OBNEMUTb MX UCTIOSL30-
BaHve A NpUroToBreHns yHKUMOHANbHbIX MULLEBLIX MPOOYKTOB
N MOXeT CrnocobCTBOBaTb 3KOHOMUYECKOMY Pa3BUTMIO CTpaHbl 3a
CYET onpefeneHnst HoBOM HULLM Ha pbiHke [61].

WccnepgoBaHHbIx npeactasutenen poga Allium L. MOXHO pac-
cMaTpuBaTh Kak MOTeHUMarbHble UCTOYHUKN BMOMOrMYecky akTuB-
HbIX coeavHeHn. ByayLime nccnegoBaHns [OMKHbI ObITe cocpeno-
TOYeHbl Ha OMOAKTUBHBIX CBOWCTBAX KOHKPETHBIX COEOVHEHWI,
cofiepXalLmxcs B CbeobHbIX LiBETAX, @ Takke Ha UX BMOAOCTYNHO-
CTV Mocrie AOMaLLHMX KyNMHApHbIX MPOLIECCOB.
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Tabnuuya 2. Buoxumuyeckue nokasamenu npedcmasumeneli poda Allium L. nuujeso2o HanpaeneHus
u3 6uokonnekyuu BHUNO - cpunuan ®r6HY ®HLIO (2016-2017 200k1) [60]
Table 2. Biochemical parameters of representatives of the genus Allium L. of food origin from the biocollection
of VNIIO - branch of the Federal State Budgetary Scientific Institution Federal Scientific Center of Oncology (2016-2017) [60]
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A. ascalonicum L. 15,3 194 42 129,1 289 30,1 170,0 290,4

A. barsczewskii Lipsky 11,9 245 4,1 129,7 236 33,1 173,6 294,2

A. leucocephalum Turcz. ex Vved. 8,6 234 35 129,5 212 19,2 177,7 300,8
A. lineare L. 9,01 190 2,9 127,5 212 29,5 177,3 298,7

A. suaveolens Jacq. 18,9 167 3,9 127,5 267 32,7 176,9 301,7

A. hymenorrhizum Ledeb. 14,4 220 3,1 127,9 235 28,3 178,8 300,4

A. obliquum L. 15,7 117 38 128,4 198 234 180,9 306,2

A. altaicum Pall. 11,6 111 3,8 122,6 139 19,9 172,5 293,6

A. fistulosum L. 17,3 111 2,8 127,9 197 244 172,4 293,2

A. galanthum Kar. & Kir. 12,8 215 3,4 124,8 283 29,1 172,3 2941

A. oschaninii O. Fedtsch. 13,9 178 2,6 122,9 146 16,8 172,6 302,5
A. pskemense B. Fedtsch. 11,7 170 2,7 119,2 138 14,5 172,2 292,9
A. altyncolicum N. Friesen 17,9 169 2,6 128,8 252 23,7 174,0 295,2
A. ledebourianum Schult. & chult. 9,3 237 2,6 1211 233 21,2 170,6 293,8
A. oliganthum Kar. & Kir. 11,9 187 2,7 122,4 218 19,6 169,8 289,8

A. schoenoprasum L. 13,6 200 2,8 123,6 204 18,4 173,0 294,6

A. ramosum L. 14,5 110 42 119,4 157 18,6 180,1 304,5

A. tuberosum Rottler ex Spreng 12,4 256 2,9 133,4 254 31,7 176,7 2942
A. narcissiflorum Vill. 19,3 139 2,9 128,7 167 19,4 171,8 292,9

A. chyatophorum Bureau & Franch 17,8 227 3,2 125,5 250 26,5 171,4 291,2
A. gultschense O. Fedtsch. 10,1 158 2,9 130,4 289 19,4 172,2 293,8
A. sewerzowii Regel 14,1 170 39 122,8 213 23,8 185,0 3113

A. aflatunense B. Fedtsch. 12,9 187 3,1 130,8 287 24,2 181,6 298,5
A. libani Boiss. 8,6 145 2,7 119,4 159 20,1 170,8 291,2

A. cyrilli Ten. 10,9 189 4,2 127,9 147 24,5 172,8 294,1

A. altissimum Regel 12,6 162 28 126,5 248 27,6 174,9 296,9

A. komarowii Lipsky 12,9 175 2,9 129,8 256 25,8 171,4 291,2

A. suworowii Regel 13,7 151 38 133,5 261 28,9 181,3 298,6

A. chamaemoly L. 12,8 146 38 123,7 258 22,4 173,3 294,6

A. angulosum L. 12,0 158 37 122,4 187 23,1 172,2 2935

A. montanum F.W. Schmidt 11,8 156 39 125,6 198 29,0 172,4 2935
A. nutans L. 13,9 163 37 128,7 195 253 173,2 2949

A. senescens L. 14,0 167 3,0 120,0 200 26,9 171,5 292,1

A. victorialis L. 18,6 154 38 131,8 254 274 179,9 304,0
CpedHee (M) 13,6 175,3 83 126,0 219,1 24,2 1744 296,0

CmaHdapmHoe omKioHeHue (o) 2,9 37,5 0,6 41 46,8 49 3,9 5,0
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3akno4eHue

O6wupHasa paboTa, NpoBOAMMAs C LIENbI0 XapaKTEPUCTUKM
konnekumn BHUMNO — dwunman ®rbHY ®HLIO wmHTpoayumpo-
BaHHbIX BUAOB M fOKalbHbIX MECTHbIX copToB Allium, cnocob-
CTByeT rrnobanbHOMy BUOEHWUIO COXPaHEHUsI TeHEeTUYEeCKUX
pecypcoB pacTeHui, YTo npegnonaraeT TwarensHoe nuccneao-
BaHMe MOpPEONIOrMYECKON, TEHETUYECKON N BUMOXMMUYECKOW
N3MEHYMBOCTM 0Opa3LIoB.

OTu BbIBOAbLI NOAYEPKMBAIOT LLEHHOCTb konnekummn Allium, ee
KayecTBO, pasHoobpa3sne M NoTeHuMan Ans UCMNONb30BaHus B
CEeNbCKOM XO3§1CTBE, MULLEBOW W dhapmaLeBTUYECKOM Mpo-
MbILLNIEHHOCTW. Bnarogapsi HawvM HegaBHMM MCCIEOOBaHUSAM
Allium Mbl 0BGHapYyXWnu HOBblE HEW3YYEHHbIE pasnuymsa B Guo-
XUMUYECKUX M MOPGOSIOrMYECKMX NapamMeTpax UccreaoBaHHbIX
MECTHbIX COPTOB, YTO [aro HOBbI Habop MHdopMaLun, nones-
HOM Ong OyayLmx nporpaMM CenekuuyM Unm KOMMEPHYECKOro
NpoV3BOACTBA.

CoxpaHeHune u rnobanbHoe pacnpocTpaHeHne 3apoAbille-
BOW Nna3mbl CEMbCKOXO3ANCTBEHHbIX KYNbTyp MMEKT BaXHOe
3HayeHve anst obecneyeHns YCTOMYMBOCTM CEMbCKOrO XO35W-
ctBa u Oyayuwen nNpoAoBONbLCTBEHHOW 6GesonacHoCTH.
[eHeTnyeckne pecypchbl nyka, BKIoYas MeCTHble copTa, AUKue
POACTBEHHUKM W KyNbTypHble copTa, obnajalwT LEHHbIMU
CBOWCTBaMU ANs yNyYLIEHNs CeNnbCKOXO3SNCTBEHHbIX KyNbTyp
n ameBepcudpukaumm pbiHka. CoxpaHeHue u MChnofb3oBaHue
reHeTU4ecKkoro pasHoobpasus nyka MoXeT MNOBbICUTb YCTONYM-
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CKPUHMHI FTEHETUYECKN
Pa3HOOOPa3HOMo NMMHENHOMO _
MaTtepuana CBeKbl CTON0BOM

Mo YCTONYMBOCTY K

Pséudomonas sirnngae pv. apmata
Ha pasHbIX CTaausX PasBUTUS
PaCTEeHWIA (CNOPOdUT, raMeTodouT)

PE3IOME
AxTyanbHocTb. BakHedWwmm HanpaBrneHuem B CENeKLMU CBEKITbI CTONOBOI ABNAETCS CO3AaHNe KOHKY-
PEHTOCMOCOGHBIX OTEYECTBEHHbLIX MPOMBILLNEHHbIX MOpuAoB Ha ocHoBe LIMC, ans nonyyeHus koto-
pbix HeoGxoAUMoO co3paTb (goun POAMTENLCKUX JIMHMIA C KOMMNIEKCOM XO3AWCTBEHHO 3HAYUMbIX NpU-
3HaKOB M YCTOMYMBOCTHIO K GonesHsM. B nocnepHee Bpems Ha noceBax CBEKIbI CTONOBOI BO3pacTaeT
BPEJOHOCHOCTL GaKTepno3a, B TOM YiCre Bbi3bIBaeMoro Bo3pyautenem Pseudomonas syringae pv.
gptata (Psa), uto onpenensieT HeOGXOAMMOCTL U3YYEHUS YCTONYMBOCTYU CENIEKLMOHHOTO MaTepuana K
aKTepuo3y Ha pasHbIX CTaAusAX PasBUTHS.
Lens uccregoBanuit. [poBecTH CKPUHUHT TMHEAHOMO M MHOPEAHOro MaTepuana CBeKMbl CTOJIOBOM Mo
ycToiumBoCTH K Pseudomonas siringae aptata v BbIAeNUTL U3 HUX Hanbonee LieHHbIe PopMbI Ans €o3-
[laHusA YCTOMYMBLIX K GakTepro3y rudpuaos.
Matepuansi u metoabl. O6beKTbI UcCnefoBaHN: KONNEKLUMOHHbIN u3onsaT Pseudomonas syringae pv.
aptata (Psa 1-21), kopHennogpl, TUCTLA M NONYNALMM NbINbLEBLIX 3¢PEH PACTEHUI NIMHNIA M UHOPEAHbIX
MOTOMCTB CBeKIlbl CTONOBON. B paGoTe ncnonb3oBan MeToAbl (UTONATONOMM W raMeTHON Cenexkumy,
ucxyccmey;oe 3apaxeHue cnopoduTa 1 rametoputa NPOBOAMNM BOAHONM CYCMEH3NEN WUNN XNAKON
nbTypoi Psa.
R’esyanaTbl. lNpoBeaeH CKPUHUHT NTMHENHOTO 1 MHOPEAHOTO MaTepumana CBekIIbl CTOJIOBOM NO YCTONYM-
BOCTU Kk Psa Ha pa3Hbix CTapusix oHToreHe3a (cnopodut, rametodmr). YcTaHOBMEHO, YTO CNOPOhUTHAN
PE3NCTEHTHOCTb KOHTPACTHBLIX MO YCTOWYMBOCTM TEHOTUMOB CBEKNbI k Psa onpepensietcsi ypoBHeM
opraHocneundgmnyHon ycToinumMBocTU. BhisiBneHa obpaTHas B3aMMOCBSA3b MeXAY YCTOMYMBOCTHIO CMO-
pochuTa 1 M3MEeHeHUeM (hyHKLMOHANbHbIX NapaMeTPOB MUKpOramMeTodhuTa, Mpn 3TOM B KauecTBe Kpute-
pusi YCTOYMBOCTYN N0 MUKPOramMeTouTy Lienecoo gasuo UCMONbL30BaTh KO3((ULIMEHT CTPECCOYCTOM-
unsocTy (Ks), conpsikeHHbIN B GonbLueil cTenenu ¢ bannom nopaxeHus kopHennoaos (R=0,66). B kaue-
CTBe CeNeKTUPYIOLLEro areHTa npy paHxMpoBaHUK oﬁgasuos CBeKIIbl CTOJIOBOM N0 YCTONYMBOCTH K Psa
PEKOMEHAYeTCH MCMONbL30BaTh BOSHYIO CYCMEH3NI0 GakTepun B ABYX KOHUEHTpauusaX. B pesynbtate
UMMYHONOTNYECKOro CKPUHUHIa 0TOOPaHbI U BKNKOYEHbI B CENEKUMOHHDIA NPOLIECC ABE CeNleKLUMOHHbIe
NIVHAM U YeTbIpe NepcnekTUBHLIX MHOPEAHLIX NOTOMCTBA, XapaKTepu3yIoLLMEcs YCTOMYMBOCTLIO COPO-
¢uta 1 rametodmTa K 6aKTEPUO3y U KOMMMEKCOM CENEKUMOHHO-LIEHHbIX U XO3ANCTBEHHO-3HAUMMbIX
MPW3HAKOB.
KIMKOYEBbBIE CIIOBA:
cBekna cronoBas (Beta vulgaris L.), Pseudomonas syringae pv. aptata, nuHus, UHGpeaHoe NOTOMCTRBO,
YCTOW4YMBOCTb, MUKpOrameTodmT, cnopodmT, 6akTepnos

Screening of genetically diverse linear
beetroot material for resistance

to Pseudomonas syr/n[qae pV. alptata
at different stages Of plant development

(sporophyte, gametophyte)

ABSTRACT

Relevance. The most important direction in the breeding of beetroot is the production of competi-
tive domestic industrial hybrids based on CMS, for which it is necessary to create a fund of parent
lines with a complex of economically significant traits and resistance to diseases. Recently, the
harmfulness of bacterioses, including those caused by the pest Pseudomonas syring]ae pv. atptata
(Psa), has been increasing In table beet crops, which determines the need to study the resistance
of breeding material to bacteriosis at different stages of development.

The aim of the research. To screen the linear and inbred beetroot material for resistance to
Pseudomonas _sirin?ae aptata and identify the most valuable forms from them for the creation of
bacteriosis-resistant hybrids.

Materials and methods. Objects of research: collection isolate of Pseudomonas syringae pv. apta-
ta (Psa 1-21); root crops, leaves, and populations of pollen grains of plant lines and inbred descen-
dants of beetroot. The methods of phytopathology and gametic breeding were used in the work,
artificial infection of the sporophyte and gametophyte was carried out with an aqueous suspension
or I_iqtuid culture of Psa, according to the results of which the samples were ranked according to
resistance.

Results. Screening of linear and inbred beetroot material for resistance to Psa at different stages
of ontogenesis (sporophyte, gametophyte) was carried out. It has been established that the sporo-
phytic resistance of beet genotypes contrasting in resistance to Psa is determined by the level of
organ-specific resistance. An inverse relationship has been revealed between the sfability of the
sgorophyte and changes in the functional parameters of the microgametophyte, while it is advis-
able to use the stress tolerance coefficient (Ks) as a criterion for mlcro?ametophyte resistance,
which is more associated with the damage score of root crops (R2=0,66]. Itis recommended to use
an aqueous suspension of the bacterium in two concentrations as a selective agent in the ranking
of table beet samples for resistance to Psa. As a result of inmunological screening, two breeding
lines and four promising inbred offspring were selected and included in the breeding process, char-
acterized by the resistance of the sporophyte and gametophyte to bacteriosis and a complex of
argmg%\éasluable and economically significant traits.

beetroot (Beta vulgaris L.), Pseudomonas syringae pv. aptata, line, inbred offspring, resistance,
microgametophyte, sporophyte, bacteriosis
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BeepeHune
Bcsﬂsm C KOMMIEKCOM MOMUTUYECKUX U COLManbHO-3KOHO-
MUWYECKMX BbI3OBOB MOCMEAHUX NneT (B T.4. BBeAeHWe

CaHKLuin), bonbluoe BHMMaHWe ygaensietTcsa obecrnevyeHuto npo-
[OBONbCTBEHHOW 6e3onacHocTn P®, koTopas HanpaBneHa Ha
camoobecneyeHne CernbCKOXO3ANCTBEHHOW NPOAYKLUMEN, B TOM
ynucne osolamMn n GaxyeBbiMM — He meHee 90%; cemeHamu
OCHOBHbIX CEIbCKOXO3SINCTBEHHbIX KyNbTyp OTEYECTBEHHOWN
cenekuun — He meHee 75%. OGo3Ha4eH pap cTpaTernyecku-
3HAYMMbIX OBOLLHbIX KYNbTYp, B YUCIO KOTOPbIX BXOAUT U CBEK-
na ctonoas [1, 2]. Ha cerogHsAWHWIA aeHb 0onbLuas YacTb nro-
Wwagen nop CBEKMOW CTOMOBOW Y KPYMHbIX MPOU3BOAMTENEWN
3aHATa rmbpuaamu F1 MIHOCTpaHHOWM Cenekuun, No3Tomy B Cry-
Yae npeKpalweHUs MOCTaBKN TMOPUAHBIX MMMOPTHBIX CEMSH
CBEKIbl CTOMOBON, UX AeduumnT Ha pbiHke HeusbexeH [3]. B
CBS13U C 3TVM, BaXXHEWLUMM HanpaBneHNeM B CENeKLUn CBEKbI
CTOJIOBOW SIBMSIETCS MOJNyYeHMe KOHKYPEHTOCMNOCOOHbIX oTeye-
CTBEHHBIX MPOMBILLIEHHbIX TMBpnaoB Ha ocHoBe LIMC, koTopbie
npeacTaBnsAlT LEHHOCTb U C TOYKM 3pEHUSA 3aLUMThl aBTOPCKUX
npaB POCCUNCKMX OPUTMHATOPOB. [N nonyyYyeHus Takux rubpu-
[oB Heobxoammo co3aaTtb hoHA MHOPEeAHbIX NIMHUIA - poanuTenb-
CKMX KOMIMOHEHTOB, XapaKTepU3YHLLMXCA BbICOKOW KOMOMHa-
LIMOHHON CMOCOOHOCTBIO MO KOMMIEKCY XO3SINCTBEHHO 3Hauu-
MbIX MPU3HAKOB, B TOM YMCME YCTONYMBOCTBLIO K HonesHsam [4].

B «PepepanbHOM Hay4yHOM LiEHTpe OBOLLEBOACTBa» NMpPOBO-
ONTCA MHOTOneTHAs paboTa Mo CO3[aHMI0 LIEHHOTO reHeTude-
CK1-pa3HOOBpasHOro NMHEMHOro MaTepuana CBeKrbl CTOMOBON
C nocnepoBaTenbHbIM OTOOPOM MO YCTOMYMBOCTM K pacnpo-
CcTpaHeHHbIM 6one3HsiM B MockoBckon obnactu - pysapurosy 1
domMOo3y Ha eCcTEeCTBEHHOM M WMCKYCCTBEHHOM WHMEKLMOHHBLIX
¢oHax [5, 6]. B nocnegHee Bpems Ha noceBax CBEKIIbl CTOMO-
BOW BO3pacTaeT BPEeAOHOCHOCTb GakTepuos3oB, B TOM 4ucne
BbI3blBaEMOro Bo3byautenem Pseudomonas syringae pv. aptata
(Psa) [7]. BeposiTHO, aTO cBfizaHO C OOMEHOM cemeHamu W
MaTOYHbIMM KOPHENSIoOAaMU MeXAy PernoHaMm n cTpaHamu, 4To
MOBbILLIAET BEPOATHOCTb 3aHECEHUSI U PACMpPOCTPaHEHNs paHee
He3aperncTpmMpoBaHHbIX BonesHern pasnuyHon atuonorum [8], a
Takke ¢ notenneHveM knumata [9]. B ctpaHax CeBepHoi u
tOxHon Amepukn, EBponbl, A3un, a Takke B ABCTpanuum u B
HoBon 3enanguu cumntombl 6akTeprosa, Bbi3biBaemble Psa,
ObINM 3aperncTpupoBaHbl Ha LUMPOKOM CMEKTPE OBOLLIHbIX KyIlb-
Typ (caxapHas cBekna, MaHronbf, AblHs, ThikBa 1 Ap.) [10]. Bo
®paHuum B oTAENbHbIE TOAbl NOpPaXeHUe 3TUM BO3byauTenem
KynbTypbl AbIHW HOCUMO 3NUMUTOTUIAHBIN XapakTep, noTepwu
ypoxas coctasnnm 80—-100%. 3To cBUMAETENBCTBYET O BLICOKOM
naToreHHoOM noTeHumane gaHHoro Bo3byautens [11, 12].

MepBoe coobLieHne 06 anndutToTnn Psa NosiBUNOCh TOMNbKO
B 2017 rogy, korga B ycnoBusx KpacHogapckoro kpasi 6bino
OTMEYEHO MopaxeHne Oonee MOMOBWHbI MPOW3BOACTBEHHBLIX
noceBOB CBeKIbl caxapHon [13]. 3To cBaA3aHO C TeM, YTO U3-3a
CXOAcTBa CMMNTOMOB C ApyrMMu GonesHsmu, B 4acTHOCTU C
LLlepKOCMOpO30M, AaHHbIN BO3OyauTens AONroe BpeMsi He peru-
CTpupoBarcs Ha noceBax cBeknbl B Poccuickon Pegepaummn. B
2018 rogy B MockoBcKoM 06r1acTi Ha KOMMEKLUMOHHBIX HXKHBIX
ob6pasuax CBekIbl CTONMOBON Takke Obina BbiAeneHa n aeHTu-
duumpoBaHa GakTepuss Psa, Bbi3biBaloLlas Ha KopHennogax
cMMNTOMbI cocyaucToro 6akrtepno3da 6e3 BHELUHWX NPU3HAKoB
nopaxenua [7, 9, 13]. HecmoTpsa Ha TO, YTO pacnpocTpaHeH-
HoCTb OakTepmo3a Ha CBekfe CTONOBOW B cpefHeln noroce
Poccun noka He JocTvraeT 3kOHOMUYECKOro nopora BpegoHOoC-
HOCTU, B pamMKax onepexaroLLen cenekummn aktyanbHbl uccneo-
BaHWsi, HanpaBrieHHbIe Ha pa3paboTky MeToANYECKUX NOAXOA0B
CKPVHUHIa Ha pasHbiX CTafusAX OHTOreHesa, NoBbILEHUs 00b-
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E€KTMBHOCTW pe3yrnbTaToB OLEHKM Ha YCTOMYMBOCTb K GakTepumo-
3y, LleneBoro otbopa CenekyMoHHOro MaTepuana u yCKOpeHus
npouecca co3faHus yYCTOMYMBBIX K GaKTepMO3y OTEYECTBEHHbIX
rmépuaoB CBeKIbl CTOMOBOMN.

C 9TOM TOYKM 3peHust 0cobOoro BHUMAHUSA 3aCny>XMBaKT
MeTOAbl FaMETHOW CenekumMmn Nno OLeHKe YCTOWYMBOCTU K CTpec-
COBbIM (baKkTOpam Ha YPOBHE MYXCKOro rameTtodwuTta, no3Bo-
nswWas ¢ MUHMManbHbIMM 3aTpaTaMu MPOBECTU CKPUHWUHT
60onbLIOro YMcna nonynsuMin U B KOPOTKME CPOKW BbIAENUTb
LeHHble reHOTUNbI AN ceNnekUMoHHon paboTsbl [14]. OueHka no
MUKpOrameTouTy MOXeT ObITb 3hDEKTMBHONM CTpaTernem npo-
rHO3MPOBAHMSA YaCTOTbl BCTPEYAEMOCTH XenaTenbHbIX reHOB B
notomctBe. OCHOBOW Teopun rameToUTHOro 0Tbopa ABnAeTCA
TO, YTO OTOOpP cpean rannougHbIX, HO reTEPOreHHbIX Mo CBOEMY
cocTaBy MONynAuMA MbiNbLEBLIX 3€PEH, MOXET MOMNOXUTENBHO
KOppenupoBaTb C U3MEHEHVAMW B CNeaylLeM CrnopodUTHOM
nokoneHun [15]. MNokasaHo, YTO pasnuyHblie (hakTopbl BO3OEN-
CTBMSA Ha rameToduT, TakMe Kak BOAHbIA U TemnepaTypHbIi
cTpecc, repbuumabl U NaTOTOKCUHbI, MPUBOAST K YBENUYEHUIO
ymucrna ycTonumBbIxX ocobert B nonynsaumsix [16].

B oTHoweHun BO3OyauTenen GonesHen GakTepuanbHON
3TMONOrMN pAAOM uccriefoBaTtenet oTMeyYeHa HeoAHO3HaYHas
B3aVMOCBS3b peakuun crnopoduTta u rametoduTa Ha BO3eEN-
CTBME NaToreHHoro obbekTa. Tak, Ha KynbType fnyka penyaToro
YCT@HOBIIEHO HanNMyne NpPsIMov KOPPENSLMOHHON 3aBUCUMOCTU
MeXay YCTOMYMBOCTbIO pacTeHun Kk P. corotovorum Ha cnopo-
(PUTHOM N rameToUTHOM cTaanax passuTtus [17]. B To Bpems,
Kak Ha KynbType KanycTbl 6enoko4aHHOW, HanpoTuB, BbiSiBNeHa
obpaTHas B3aMMOCBA3b: HEraTUBHOE BNusiHWE GakTepuanbHON
cycrneHsun natoreHa Xanthomonas campestris pv. campestris
Ha >KM3HEeCMOCOOHOCTb MbiNbLbl YCTOMYMBBLIX MO CNOpPOdUTY
pacTeHun U CTUMYNUpyoLLee AeNCTBUE Ha NpopacTaHve Mbifb-
ubl BOCNpuMMUMBBLIX 0Opa3suoB [18]. B Halwmx vccnenoBaHusix,
NpoBefEeHHbIX paHee Ha ABYX KOHTPaCTHbIX MO YCTOMYMBOCTU K
Psa copTtax cBeknbl CTONOBON, Takke Obina BbiABNeHa obpar-
Hasi B3auMOCBSA3b MeXy YCTOMYNBOCTbLIO Crnopoduta n n3ameHe-
HVeM (YHKUMOHamNbHbLIX NapaMeTpoB MuKporameToduta noj
BNuaHnem dutonatoreHa [19]. BbisiBNeHble 3aKOHOMEPHOCTU
BO3JENCTBMA Ha MUKpPOrametouT U CnopoduUT pasnuyHbIX
CENeKTUPYIOLLMX areHTOB M UX KOHLIEHTpaLMi NO3BONUNM MOAN-
duumpoBaTtb 1 BblAenNuUTb Hanbonee nHhOpMaTUBHbLIE BapuaH-
Thbl 3apaxeHunsl, KOTopble ObINn BKIOYEHbI B HALWIW AarnbHenwne
nuccneaoBaHus U anpobupoBaHbl Ha reHeTUYeCcKM pasHoobpas-
HOM CeneKkUMOHHOM MaTepuane Ans NpPOBeAeHMs 3KCcrnpecc-
OLIEHKM YyCTOMYMBOCTM K Psa.

Llenb paboTbl — NPOBECTU CKPUMHWUHT NIMHENHOrO 1 MHBpeaHo-
ro MaTepuana CBeKNbl CTONIOBOW MO YCTOMYMBOCTU K
Pseudomonas siringae pv. aptata n Bbigenutb Hanbonee ueH-
Hble poauTenbckne opmbl ANA CO30aHNA YCTONUYMBLIX K BakTe-
puvo3y rmépuaos.

MaTtepuanbl 1 MeTOAbI UCCIIeAOBaHUM.

Ycnoeusi nposedeHusi uccrnedosaHull. ViccnegoBaHust NpoBo-
ovnm B 2023-2024 rr. Ha 6a3e nabopatopuii MOMeKynsipHo-
UMMyHorormndeckux nccnegosanuin (MMMAN), cenekumm n ceme-
HOBOACTBA CTOMOBLIX KopHennogoB &®IrbHY ®HLIO B
OpanHuoBckoM panoHe MockoBckon obnactu. KopHennogbl
BblpalLMBann B CerekUuMoHHOM nuToMHMKe B 2023 rogy Ha
ONbITHOM Mofne ocHoBHoro ceBoobopoTta ®IrBHY ®HLIO (noces
25 mas — ybopka 15 ceHTA0ps) Ha rpsigax no cxeme 70+30+70
cornacHo obwenpuHATbIM MeToankam [20]. Bo Bpemsi y6opku
ypoxasi HernopaxxeHHble 60ne3HsIMU CTaHAapTHbIE KOPHENoabl
nomMeLlanu B OBOLLHbIE CETKM W 3aknagbiBanu B KOHTEHEpPbI C
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NONMMITUINEHOBBLIMU BKNaAblLLaMu Ha XpaHeHe B OBOLLEXPaHU-
nvwe npu Temnepatype 1-2°C u BnaxHoctn 90-92 %, B Teve-
Hue cemn mecsaues (o Il pekaabl anpens). Mocne xpaHeHns BO
Bpems BeceHHero aHanusa (anpenb 2024 ropa) npoBoaunmu
oT6op HenopaeHHbIX 6ONEe3HAMN MaTOYHbIX KOPHENIOAOB AN
WMMYHOJSTOMMYECKOM OLEHKU B YCHOBUSIX in Vitro Ha ycTonyn-
BOCTb k GakTepuoay.

Mamepuan uccnedoeaHull: KONMNEKUMOHHbIN wWTaMMm Psa
(Psa 1-21), kopHennopbl, NMUCTbsT M MNONYNSAUUN MNbIbLEBbLIX
3epeH pacTeHun cenekumoHHbIX nuHun (NeNe151, 196, 153,
158) 1 27 nHOpeaHbIX NOTOMCTB CBEKITbl CTOMOBOW Pa3nnM4HOro
npovicxoxaeHns. KonnekumoHHeln wramm Psa 1-21 kynbTusm-
poBanu Ha arapv3oBaHHOM nuTaTencHow cpege LB (Luria
Bertani Broth, Miller) B Te4yeHne 48 yacoB npu Temnepatype
28°C. bakTepuanbHyt0 CyCMeH3u0 TFOTOBUN B CTEPUIbHON
BOAOMPOBOAHON Bode B KoHueHTpauum 1,2x10° KOE/mn (no
ctaHgapty Mak®apnanga Tutp Ne4) MeTogoM CMbIBa C NOBEPX-
HOCTM TBEpOOW MuTaTenbHoW cpedbl. B kayecTBe uHOKynsita
ncnonb3oBanu Takke Xxuakyto KynoTypy (XKK). ns atoro B KOHUW-
yeckune Konbbl o6bemom 250 mMn ¢ xuakon cpepoin LB (ob6bem
cpeabl 100 mn) BHocunu 1 Mn 6akTepranbHOM CyCreH3nmn B KOH-
ueHTpauun 1,2x10° KOE/mn, ¢ ganbHeWWwyM MHKYOMpoBaHueM
npu Temnepatype 27°C Ha opbuTtanbHom werikepe npu 110 obo-
poTax B MUHYTY B Te4eHune 3 CyTOK.

OueHKy ycmol4ugsocmu pacmeHul c8eKribl cmosiogol K Psa
NPOBOAUNN B CEPUM HE3aBUCMMbIX NabopaTopHbIX OMbITOB C
UCMONb30BaHMEM Pa3fMYHbIX BApPMAHTOB 3apaXeHns Ha pasHbIX
cTagunsix pasBuUTUS pacTeHui. B kavecTBe TecTupyembix 06b-
€KTOB MNPV WUCKYCCTBEHHOW WHOKYNALMU UCMONb30Banyi KopHe-
NnofAbl, OTAENEHHbIe NUCTbS W Mblfblly CEMEHHbIX pPacTeHWUi
aHanuanpyembix 06pasLoB.

BapaxeHue KopHern10008 NPOBOAUIN MYyTEM WHOKYNSALMM
Bbiceyek (guckoB) [21]. OtobpaHHble 10-15 mMaTouYHbIX KOpHe-
nnofoB Kaxaoro obpasua TwaTenbHO NPOMbIBanu B MPOTOYHOW
BOZONPOBOAHON BOAE C MbIIOM, 3aTeM nojBepranu rnoBepx-
HOCTHOW cTepunmaauun, norpyxas B 50 % pactBop runoxnopu-
Ta HaTpusa Ha 15 MUHYT, Nocne Yero ABaxabl NPOMbIBanu B cTe-
pvnbHOM BoAe 1 mapkupoBanu. Mocne ctepunuaauum, oTpesa-
nn 1/3 GOKOBOWM 4YacTuM KOPHENNOAOB, OENWUNN Ha AUCKU
pasmepoM 4x3x1 CM 1 NOMeLLanu B NacTUKOBbIE KOHTENHEPSI,
NMOBTOPHOCTb - TpexKpaTHas. 3aTtem B LieHTpanbHOW YyacTu guc-
KOB CTEPWIbHOW MUIMOW OT Lnpuua Aenanu Aea ykona rinyouHom
3 MM Ha paccTosiHMM NpuMepHo 1 cM Apyr OT gpyra v Jo3upo-
BaHHO BHocumnnm no 200MKN WHOKyMOMa B Kaxabl npokon. B
KOHTpONe B KayecTBe WHOKYNSATa UCMOMNb30Banu CTEPUNbHYIO
BoAly. B koHTeWHepax Cc 3apaXeHHbIMU OUCKamMu KOPHEMNNOAoB
co3faBanu YCroBWsSI BF@XHOW Kamepbl W MoMewanu B
TepmocTaT npu Temnepatype 20°C.

Y4eT cMMNTOMOB U CTENEHW NOpaXeHWs OLeHMBanm Ha aecs-
Tble CYTKM MOCne 3apaXeHus, uaMepsis guameTp u rmybuHy c
nocrnenywoLwmmM MNpUCY>KOEHWEM MWHOEKCAa pas3BUTMA Mo NATU-
6annbHou wkane: 0 6annoB — OTCyTCTBME CUMMTOMOB B obna-
ctu npokonos; 0,1-0,5-1,0 6annoB — B 0611acTh eANHNUYHBIX NPO-
KOIOB MOSABNEHME HEKPO30B 6e3 MpPOHMKHOBEHWS B rnybb Tka-
Hel; 1,1-2,0 6anna — y NoNoBMHbI NPOKOMOB NOSIBNEHNE HEKPO-
3a C NPOHUKHOBEHMEM Briybb TkaHu Ha 2-3 mwM; 2,1-3,0 6anna —
y 50-75% npokonoB nosiBNeHWe Hekpo3a C MPOHVMKHOBEHWEM
Brny6b 00 2/3 BbicoThbl Ancka; 3,1-4,0 6anna — y 6onbLuer Yactu
NMPOKOIIOB MOSIBMIEHNE HEKPO3a C pacnpoCcTpaHEHNEM MHAEKLUN
no cocygam. [NpomMapKupoBaHHble MaTouYHble KOpHEenmnoAabl
nocrne MMMYHOSIOMMYECKON OLIEHKM BbiCaXvBanu B TPYHT, rae
OHV hOPMMPOBanM HOBYHO PO3ETKY NTUCTHEB 1 LIBETOHOCHI.

BapaxeHue nucmees. [ocne oTpacTaHUs NMMCTOBOW PO3ETKU

BbICa)XEHHbIX KOPHEMNMoAo0B, NMPOBOAUNN 3apaXXeHue OTAeNeH-
HbIX IMCTLEB B YCMNOBUAX in vitro. C KaXgoro pacteHnsi cpesanm
NMCTbA OOHOro BO3pacTa, TLWaTenbHO NpoMbIBany nog npoToy-
Homn Bogown, 3amaymBanu Ha 10 MuHyT B cnabom MbiflbHOM pac-
TBOpE, NMOTOM TPWXAbl OMONackuBanu CTEPUNbHON BOAOMN.
3apaxeHne NpoBOAMNU MyTEM MOTPY>XEHUs Yepeluka nucTa,
npenBapuTensHo cpesaB 0,5 cM ero ocHoBaHus, B Npobupkn ¢
10 mMn GakTepuanbHOW CycneHs3Mnm B KOHUeHTpauuun 2,4x10°
KOE/mn. KoHTponb - cTepunbHasa Boga. OnbIT 3aknaabiBanu B
YeTbIpEeXKPaTHON MOBTOPHOCTMU, MO TPU HACTOALUMX NUCTa Kax-
poro obpasua B kaxzgon noBTOpHOCTU. [Mpobupkn ¢ nucTeamm
UHKyOMpoBanu B LUTaTMBax npu Temnepartype 20-22 °C npm pac-
CesiHHOM cBeTe. YYeT CUMMTOMOB MopaxeHuss GakTepnosom
npoBoauny no naATMbannbHbIM WkanamM. Xnopos n Hekpos: 0 -
nopaxeHue OoTCyTCTBYeT; 1 — nopaxeHue oyeHb cnaboe, eau-
HWYHbIE XITOPO3HbIE UMW HEKPO3HbIE NSATHa nrowaasto Ao 10%
MOBEPXHOCTU MMUCTOBOW NMAaCTUHbI; 2 — NopaxeHue cnaboe, o
20% noBepxHOCTW nucTa 3aHnmaeT Hekpo3 nnu o 30% - xro-
po3; 3 - nopaxeHune cpenHee, 0o 50% - Hekpo3 unu o 70% xno-
po3; 4 - nopaxeHune cunbHoe, 6onee 50% — HeKpPO3, XNOpo3
6onee 70%. Wkana yyeta yBagaHus: O - otcyTtcTByeT; 1 — yBS-
[aHue KpaeBoW YacTu NMUCTOBOW NnacTuHbl; 2 — yBagaHue 50%
NMCTOBOW MNacTuHbl; 3 — yBAAaHWe BCe MOBEPXHOCTU NUCTO-
BOW nnacTuHbl 6e3 noTepu Typropa LieHTparnbHOro YepeLuka; 4 —
MofHoe YyBsiAaHWe W MOACbIXaHWE JTMCTOBOW NIaCTUMHKMU.
XapakTtep pacnpocTpaHeHWsi CMMMNTOMOB perMcTpvpoBanu B
OVHaMuKe: Ha YeTBepTble U AeCATble CyTKMU MOCre 3apaxeHus.

[Mo pesynbTaTtam KOMMMEKCHOW OLEeHKM YCTOMYMBOCTU K Psa
Mo cnopouTy N3y4eHHbIe NOMYMALMM PaHXMPOBAnNn Ha rpynmnbl
yctonumBoctn (I'Y) B COOTBETCTBUM CO CTEMEHbI MOPaXXeHUs
pasHblX OpraHoB (KOpHennoabl/nucTbs, 6ann): ycronumebie (Y)
— 0/ 0-0,5; otHoCcHTENBHO yCcTONuYmMBbLIE (OY) — 0,1-1,0 / 0,6-1,0;
cpegHesocnpuumymeble (CB) — 1,1-1,5; Bocnpuumumeble (B) —
>1,5 6annos..

Ha cmaduu mukpozamemochuma n3yy4anu BnvsiHie BOLHON
cycrneHsun Psa 1 Xnakon KynbTypbl MaToreHa Ha npopacTtaHue
NbiNbLbl in Vvitro aHannampyembix 06pasLoB CBEKMbl CTOMOBOWN.
[na npopawuBaHMa nbifblbl UCMNONb30Banu crneayloLnia
cocTtaB nutaTtenbHon cpeabl (Ha 100 mn): M3Ar-6000 — 25 r,
caxapo3a — 15T, H3BO3 — 5 mr, Ca(NO3)2*4H20 — 15 mr, pH 5,8-
6,5(koHTponb) [22]. B 3aBMCMMOCTM OT BapvaHTa onbiTa cpefbl
rOTOBUIIN Ha OCHOBE AWCTUIINIMPOBAHHOW CTEPUIbHOW BOAbI
(KOHTPOMb), HA OCHOBE COOTBETCTBYIOLLUMX KOHLIEHTpauUui BOA-
Hol GaKTepuanbHOW CYCMEH3UW U XUOKOW KynbTypbl, Kyaa
[o6aBnsanM BbllENepeYncrieHHble MHrpeaueHTbl. BapuaHTbl
onbiTa: BOAHasi CYCNneH3nsi B ByX KOHLEHTPaUMsX — UCXOAHas
(1,2x10°KOE/mn) n passeneHue 2:8, KK — Tomnbko B passege-
HMM 2:8, Npu KOTOPOWM OTCYTCTBYET OTpuuaTeNnibHOe BIUSHUE
KOMMOHEHTOB cpefbl LB Ha npopacTaHne nbinbLbl.

MbINbHYKN € MHOMBUAOYaNbHBIX NMPOMAapPKUPOBAaHHbBIX pacTe-
HWIN cobupanu BoO BpeMmsi LUBeTeHust yTpom (¢ 8 go 10 yacoB) ¢
PacKpbIBLUMXCS LIBETKOB, NMOMeELLAsA X B NNacTUKOBbIE BHOKChI C
KpbILLKaMW, T4e UX XpaHUnm 4O Havarna 3KCrnepumeHTa B Tede-
Hve 1-2 YyacoB MpW KOMHATHOW Temnepatype B  TeMHOTe.
MbiNbLy OCTOPOXHO BBLITPAXMBaNM M3 MbIIBHUKOB Ha Mepra-
MEHTHbIE NMUCTbI 1 C MOMOLLIbIO NMpenapoBarsibHbIX UrI OCyLLEeCTB-
NANKU NOCEB Ha CTEpPUIbHbIE NPeAMETHbIE CcTekna ¢ kannsmu (20
MKM) NUTaTENbHOW Cpeabl KaX[oro BapuaHTa B TpexKpaTHON
nosTopHocT. CTekna nomMeLlany BO BMIAXHYy Kamepy B Yall-
kax MeTpn u wnHkybnpoBanu Ha paccesHHOM CBETY npwu
Temnepatype 24-25°C B TeyeHue AByx 4acoB. [lpenapatbl C
npopocLUen NbifbLon mkecmpoBanu anddepeHumanbHbIM Kpa-
cutenem no Janeenny [23].
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LindopoByto MUKPOOTOCHEMKY MATU OKYNSAP-MONen B KaXxXaon
Kanne ocylecTBnsanM Ha Mukpockone Zeiss Axio Lab A1 c
nomoLubto cpotoHacagkm ADF ¢ nporpaMMHbIM oGecrneyeHnem
Image Capture (Bepcusi x64, 4.11.21522.20221011). B panb-
HelllemM Ha OCHOBE MOJTyYEHHbIX CHUMKOB C MCMOSIb30BaHUEM
3TON NporpamMmmbl NPOBOAMNN MoAcHET XM3HecnocobHbix (PKCIT)
N He MPOPOCLUNX MbINbLEBbLIX 3ePeH, U3MEPANN ANVHY NbinbLie-
BbIX Tpy6ok (LTp). O6bem BbIOOPKM ANst NOACYETOB U M3Mepe-
HUIM B Kaxxgom BapuaHTe coctaensn 300-500 nbinbLeBbIX 3epeH
B TPEXKpaTHOW MOBTOPHOCTW. Ha ocHOBaHMM YMcna NpopocLUnX
NbINbLEBbLIX 3€PEH U ANWHbI MbINbLEBLIX TPYOOK B KOHTpOre u
OMbITHLIX BapuaHTax aHannampoBanu OTKMOHEHUSI OT KOHTPOSS
(B %), paccuntbiBanu KoadduLMeHT cTpeccoyctonumnsoctu (Ks,
%) B kavecTBe O0OOOLIEHHOrO KpUTEPUS COMPOTUBIIEHUSA
reHoTMna K CTpeccopy:

Ks= (KClMo x Ltp.o)/ ((KCIk x Ltp.k)x 100,

roe XKClMo — 4ncno npopocLumnx NbifbLEBLIX 3€PEH B OMbITE;
XKCIK — 4ncno npopocLUMX MbifbLEBLIX 3€PeH B KOHTPOIE;
LTp.o — cpenHsia AnvHa nbinbLeBoW TPyOkn B onbiTe; LTp.K —
cpefHsasa AnviHa nbinbLeBor Tpyokn B KOHTpone [24].

AHanna aKkcnepuMeHTanbHbIX AaHHbIX WM CcTaTUCTU4Yeckas
oLieHka Obinu BbinonHeHbl B Microsoft Excel 2016 ansa Windows
10 n Statistica 7.0.

Pe3ynbTathl MccrnegoBaHUm

[Ona anpobaumy 1 onTMMM3aunn 3N1EMEHTOB METOAMKNA MO3-
TarnHoW OLIEHKM in Vitro yCTOWYMBOCTM K BaKTepMo3y NpoBoauIm
CpaBHUTENBHOE N3yYeHne peakummn cnopoduTa u MMKporameTo-
¢duTa Ha 3apaxeHue wTtammom Psa 1-21 ¢ ucnonb3oBaHMeM
YeTbIpeX NepPCneKTUBHbBIX CENEKLMOHHbIX JIMHUIA CBEKIbI CTOMO-
BOW, pa3nunyaroLLnXcsi BOCMPUMMYMBOCTBIO K JaHHOMY BO30yau-
Tento. Ha pucyHke 1 BUAHO, YTO NpU MHOKYNSLMN KOPHENMOA0B
BOAHON cycneHsven Psa 1-21 Ha gecaTble CyTKu nocrie 3apaxe-

OTHOCHUTEJILHO YCTOUYMBBIE

BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

HWS Y OTHOCUTENBbHO ycToNYMBbIX NHUA NeNe 151 1 196 Habnto-
[anu He3HayuTenbHOEe NMOTEMHEHWE MOBEPXHOCTU OUCKOB UM
€[VHMNYHbIE HEKPO3bl B 06nacTy NpokorioB 6e3 NpoHMKHOBEHNS
Brny6b TkaHeln kopHennoaa (cpeaHun 6ann passutua 0,4-1). Y
cpenHeBocnpunmymBor nuHUM Ne153 Hekpo3 TkaHu B obnactu
MPOKONOB OblN YETKO BbIpa)keH C rnyouHON NPOHMKHOBEHMWS - 2-
3 mm (bann passuTtus 1,2-1,4). Y Bocnpummymson nuHumn Ne158
HekpoTuyeckme natHa gocturanu 8-10 mm, a rnybuHa 30HbI
nopaxeHusi coctaensna npumepHo 1/3 BbicoTbl AnckoB (b6ann
pas3sutunst 1,7-1,9). Tlpyu NOrpy>KeHMn YepeLuKoB OTAENEHHbIX
nucTbeB B GakTepuanbHyl CycrneH3uto natoreHa y nuHuin NeNe
151 n 196 Ha yeTBepTbie CyTKM Habnoganu auddysHbIn Xro-
po3 go 0,5 6annos. Y nuHuin NeNe153 n 158 3apeructpmposaHo
pa3BuTHE XNopo3a n Hekposa (B cpegHem 1,6 n 1,1 6anna cooT-
BETCTBEHHO) U He3HaunTenbHas noteps Typropa (1-1,5 6anna).

Mpu n3yveHnmn peakumnm mmkporametoduTa ObIno ycTaHoBMe-
HO, YTo fobGaBneHve B nuTatensHyto cpeay KK Psa 1-21 uHru-
6upoBano npopactaHne MbinbLEBbIX 3e€PEH BCEX UCCNEAYEMbIX
NVHWIA Ha 5-18% OTHOCMTENBLHO KOHTPOMS, @ CTUMYNALMA pocTa
MbINbLEBLIX TPYOOK Obiria OTMeYeHa TOMbKO B NOMyNALMAX MUK-
porameTtoduta nuHmMi NeNe 151 n 158, oTHoCALMXCS K KpanHUM
rpynnam ycTOMYMBOCTU MO CnopoduTy. ¥ OTHOCUTENBHO YCTON-
ynBor NuHMM Ne196 oTMeuvanu nomnHoe NHrMbupoBaHmne npopac-
TaHusa Nbinbupl (pyc. 2, Tabn. 1).

B ToXe Bpemsi ncnonb3oBaHWe B Ka4ecTBe CEMEKTUPYHLLEro
areHTa BOAHOW GakTepuanbHOW CyCrneH3uu, MO CpaBHEHWO C
XKVMOKOWM KynbTypon, okasanocb 6ornee MHopMaTMBHBIM - IMHUN
6onee yeTko andepeHLMpoBanncbL CornacHo obpaTHoW B3aw-
MOCBS31 peakUmn MbinbLbl U CNOpOodKrTa, BbISBMEHHONW B Npeabl-
OyLWMX nccnefoBaHUsix Ha MofenbHbix copTax [19]. Hambonee
Bbicokve nokasatenu XKCI1 v cpegHeln OnvHbl NbINbLEBLIX TPY-
60K OTMeYeHbl y BOCpMUMYMBOM nuHum Ne158, y KoTopoii oTkIo-
HEHWe OT KOHTPOSIsi COOTBETCTBEHHO cocTaBuio 20% u 154%,
TOrga Kak y OTHOCUTENbHO YCTOMYMBOM MO CMopoduty NuHUM
Ne196 - nHrnbuposaHme npopactanusa Ha 30%, Npu CTUMynMpo-
BaHWK pocTta Tpybok Bcero Ha 40% Nno CpaBHEHWIO C KOHTPOIEM.

CPEJIHEBOCIIPUMMYMBBIN

Puc. 1. llposieneHue cumnmomoe 6akmepuo3a Ha QUCKax KOPHern/1000e U omaoesIeHHbIX JIUCMbSIX JIUHUU C8€KJIbl CMoJio8ol
npu uckyccmeeHHoU UHOKYASIYUU KOJITIeKUUOHHbIM wmammoM Psa 1-21 (6akmepuasibHasi cycrneH3us)
Fig. 1. Manifestation of bacteriosis symptoms on root crop discs and separated leaves of canteen beet lines during artificial
inoculation with a collector strain Psa 1-21 (bacterial suspension)
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KOHTPOIJIb CYCIIEH3UA

151

196

153

158

Puc. 2. BnusHue cycneH3uu u xudkol Kynbmypbl wmamma Psa 1-21 e pa3zeedeHuu 2:8

Ha XXu3Hecnocob6HocmMb u pocm Nblbyeebix MPy60K MUHUU ceek/bl cmoJsioeol in vitro

Fig. 2. The effect of suspension and liquid culture of Psa 1-21 strain in a 2:8 dilution
on the viability and growth of pollen tubes of canteen beet lines in vitro

Ta6nuya 1. BnusiHue cycneH3uu u xudkoll Kynbmypbl wimaMma e pa3eedeHuu 2:8 Ha XU3Hecrnoco6HOCMb U pocm Mblbyesbix Mpy6ok
CesIeKYyUOHHbIX JTUHUl ceeK/bl cmosoeol in vitro
Table 1. Effect of suspension and liquid culture of the strain in a 2:8 dilution on the viability and growth of pollen tubes of beet breeding lines in vitro

[onsa npopocuwen nbinbubl ((KCM), % CpenHAA ANWHA NbiNbLEBOW TPYGKU
cycneH3us XKuakas KynbTypa cycneH3us Xuakas KynbTypa
JNnHuna = =
2 g E a g E I 2 SE 4 SE
o = se o = 3o 5= H 38 5= Es 38
= 4 Tk o 2 Ik as - I k2 as 1< I k2
: 5 g8 ¢ 5 gg g= 5 gg EF  §F  gFl
: SO - EF 8 s EF & R
o '6 o '6 = o 5 |6 = S '6
151 Oy 63 33 -30 30 18 -12 35 49 40 18 19 6
196 OY 25 18 -7 5 0 -5 21 27 29 22 0 -100
153 CB 41 49 8 29 11 -18 73 87 119 29 8 -74
158 B 24 44 20 14 4 -10 28 71 154 42 66 57
HCPys 10,5 6,5 20,5
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Puc. 3. B3aumocesidb Mexdy (hyHKYUOHa/IbHbIMU Xapakmepucmukamu nbinbybi (KCI u Lmp) e ycnoeusix in vitro
nod enusiHUeM cycrieH3uu u xuodkol Kynbmypbl wmamma Psa 1-21 (8 pazeedeHuu 2:8) cesleKYUOHHbIX JIUHUU C8€KJIbI cmoJsioeol
C pasJjludHbIM YpoeHeM ycmolivueocmu K 6akmepuo3y rno kopHenody (A, B) u no omdeneHHbIM nucmbsim (C, D)
Fig. 3. The relationship between the functional characteristics of pollen under in vitro conditions under the influence
of suspension and liquid culture of Psa strain 1-21 (except 2:8) breeding lines of table beet with different levels
of resistance to bacteriosis by root crop (A, B) and by separated leaves (C, D)

[aHHbIN BbIBOA NOATBEPXKAAETCA aHann3oM xapakrepa B3au-
MOCBSA3M Mexay peakuuen mvkporametoduta Ha BO3AeNCTBUE
cenekTupytowero areHta (BogHasa cycneHausa n XKK) n 6annom
nopaxeHunsi KOpHennoAoB u NUCcTbeB Psa 1-21 aHanuanpyembix
nonynsiumn in vitro (puc. 3). B naHHom BbIGOPKE CENEKLMOHHBbIX
NVHUA KO3PULUMEHT Koppenauun mexay Gannom passuTus
DOakTeprosa npu 3apaxeHnn KOpHENNoa0B BOAHOW CyCrneH3nemn
Psa 1-21 n XCI1 mukporameTtoduta Ha nuTaTensHON cpeae ¢
nobaeneHuem cycneHsmm Psa 1-21 coctaBnsan r=0,97, onvuHHON
nbinbLeson Tpybku - r=0,85, a Ha nutaTenbHon cpeae ¢ KK Psa
1-21 - r=0,02 1 r=0,35 cooTBeTcTBEHHO (pnc.3 A, B).

CreneHb B3aVMOCBSI3N Mexay NHTEHCMBHOCTbLIO NPOSBMEHNS
CMMNTOMOB GakTepuosa Ha OTAENEHHbIX NUCTbSX aHanusmpye-
MbIX NOMYMAUMIA N peakunen mukporametoduta npu gobaene-
HWUM B MMTaTenNbHY0 cpeay BoaHou cycneHaunm nnu XKK so3byau-
Tensa nmena MeHee BblpaXeHHbIW xapakTtep. B gaHHom cnyyae
bonee TecHasi B3aMMOCBS3b OTMEYeHa MeXAy CTeneHblo yBaaa-
HUs nuctoson nnactuHku ¢ XKCI n onvHon nbinbueBon Tpyokn
npn pgobaeneHun B nuTaTeNnbHyl0 Cpedy BOLHOM CyCrneH3un
(r=0,61 n r=0,89 cootBeTcTBEHHO). [pn ncnonb3osaHnm XK —
TONBKO C AnvHOW nbinbueson Tpybkn r=0,85 (puc. 3 C, D). To
eCTb, NPWU paHXMpoBaHUM 0Opa3LOB CBEKIbl CTOMOBOW MO
YCTOMYMBOCTM K P.Syringae pv. aptata Ha ypoBHE MUKpOrameTo-

duTa, B KavecTBe CenekTupylolero areHta LenecoobpasHo
ncnonb3oBaTb BOAHYI cycrneHsuio Psa. Elle ogHMM BaXHbIM
NpeMMyLLeCTBOM AaHHOIO 3rieMeHTa METOAMKN SABNSeTCs Npo-
CTOTa ero CTaHAapTMU3auMn U KOHTPONS 3a KOHLEHTpaunen cyc-
neH3un, a Takke OTCYTCTBUE [AOMOSTHUTEMBHOrO BINAHMS Ha
PYHKUMOHANbHbIE XapaKTEPUCTUKU MblfbLibl KOMMNOHEHTOB XUA-
kon cpegbl LB, Ha kotopom BblpawmBanu 6aktepun.
[anbHenwmn CKPUHWUHT paclennsaowmxes nonynauun 27
MHOpEeHbIX NOTOMCTB CBEKIbl CTOMOBOW pa3HbIX NMOKONEHU No
YCTONYMBOCTWN K OakTepuosy npoBOAWMAM C UCMOSb30BaHWEM
TONMbKO BOAHOW CyCneH3un Bo3byauTens B OBYX KOHLEHTpa-
umnax. Ctangaptbl — copT KpacHbin 6apxat (OY) n copTt Mapycsa
(B).

Mo cTteneHn nopaxeHus KopHennodoB 06pasubl pasgenv-
NUCb Ha rpynnbl YCTOMYMBOCTU B CreAyHLUM COOTHOLUEHUM:
yctonumBble (0 6annoB) — 19%; OTHOCUTENbHO YCTOWYUBLIE
(0,1-0,5 6ann) — 26%; cpegHeocnpumumnssle (0,6-1,5 6anna)
— 33%; BocnpuumumBble (bonee 1,5 6anna) — 30% ot obLiero
yucra npoaHanu3anpoBaHHbIX. B TO xe Bpems npu 3apaxeHun
OTAENEHHbIX NUCTLEB pacnpefeneHne obpasuos No rpynnam
YCTOMYMBOCTUN OTNMYANoch B 3aBUCMMOCTM OT TUMNa NposiBNeHns
cumnTomoB GakTepuosa. o cTeneHn pas3BuTMsa Xnoposa [ons
ycTonumnBbIX 06pa3LoB Obina HaMMeHbLlen 1 coctasuna 4%; B
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rpynmny OTHOCUTENbHO YCTOMYMBLIX BoLuna GonbLias YacTb npo-
aHanM3npoBaHHbIX NOTOMCTB — 41%); cpeaHEeBOCNPUUMYMBBLIX —
37%; BocnpuumumBbix — 18%. Mo Hekpo3y npeBanupoBanu
rpynnbl YCTONYMBBIX U OTHOCUTEMBHO YCTONYMBBLIX — 22 U 70%
COOTBETCTBEHHO; B Ipynny CpeaHEBOCTPUNMYMBLIX BOLNKN 7%
06pasuoB OT uYMCna M3YYeHHbIX; BOCMPUMMYMBLIX He ObIno
(Tabn. 2).

B oTHOWeHWM yBfAaHUA NMCTOBOM NNacTUHKM Gonblias
YacTb U3yYEeHHbIX MOMYyNAUNUA OKasanncb YCTOMYMBBLIMU U OTHO-
cutenbHo yctonumBbiMn 37 n 30%; K cpeaHEeBOCNPUMMYMBBIM
oTHecnn 19%, a k BocnpuumymebiM — 15% (Tabn. 2). MNpu atom
CTeneHb MPOSsIBNEHUSA pasHbiX CUMMTOMOB GakTepuo3a mnpu
WCKYCCTBEHHOM 3apakeHuy BOAHOW cycreHsnen Psa 1-21 oTge-
NEHHbIX NUCTLEB Oblna conocTtaBrMa He BO BCEX MOMYmMsLUSIX.
Tak o6pasLbl yCTOMYMBbBIE M OTHOCUTENBHO YCTONYMBBIE MO XIT0-
posy (13 wT.) Takke GbINIM OTHOCUTENBHO YCTONYMBBLIMU MO pas-

BUTUIO HEKPO3a, HO MO CTEMeHM YBSIAAHNS pasgenunmncb Ha Tpu
rpynnbl — OTHOCUTENBbHO YCTOWYMBbLIE, CPEAHEBOCTIPUUMYMBBIE
1 Bocnpunmymeble (46%, 30% un 24% cooTBeTCTBEHHO). B rpyn-
ne BOCMPUUMYMBLIX MO X1opo3y 06pa3uos (5 WT.) gpyrve cumn-
TOMbI (HEKPO3 U yBAAaHUE) He NposiBNanuce. B rpynne cpeaHe-
BOCMPUUMYMBLIX MO XxJopo3dy (9 wr.) 6GonbwmnHCTBO 0b6pasLoB
XapakTepu3oBanuncb OTHOCUTENbHOW YCTOMYMBOCTBIO K HEKPO3Y
(89%), a no yBagaHuio 06pa3upbl pasgenunmMcb Ha HecKOMNbKO
rpynn ot yctonumsbix (78%) go socnpunmumebix (11%).

[ns 6onee 06bLEKTUBHOMO pacrnpeaeneHns aHanuavpyembix
nonynsumMii No YCTONYUBOCTN OTAENEHHBIX NUCTLEB K BakTepumo-
3y ObIN paccunTaH cpefHeB3BELLUEHHbIM obLuiA 6ann nopaxe-
Husi. Ha ero ocHoBaHWK obpasLibl Obiny pacnpeaeneHbl Ha rpyn-
Mbl YCTOMYMBOCTU NIMCTOBOM PO3ETKW B Mpedenax Kaxgow rpyn-
Mbl YCTOMYMBOCTU NO KopHennody (puc. 4). BeisBneHo, 4To BO
BCEX TIpynnax YCTOMYMBOCTM KOPHEMNMOAOB MNPWCYTCTBOBAsM

Tabnuya 2. CmeneHb pazeumusi cuMnmomos 6akmepuo3a npu UCKycCmMeeHHOM 3apaXeHuu 800HOU cycneH3uel
Psa 1-21 [1,2x10° kn/mn] kopHennodoe u omdeneHHbIX TUCMbe8 pacmeHull pa3audHbIX NONynsyull ceeksbl cmosiogol
Table 2. The degree of development of symptoms of bacteriosis in case of artificial contamination with an aqueous suspension
of Psa 1-21 [1,2 x 10° cells/ml] of root crops and separated leaves of plants of various populations of beetroot

KopHennop
Homep o6pasua Xnopos

6ann ry oann ry

KpacHbiit 6apxaT 0,5 oy 0,3° y
323 0,0° y 2,0 Pedef CB

330-2 0,0° y 3,0 °° B
325 0,02 y 1,7 2bece oy
371 00° y 1,3 abcde oy

378 00° y 300 B
3211 02%® oy 0,8 ®° oy
331 0,1 oy 2,3 o CB
332 02%® oy 1,2 2 oy
361 0,3 *° oy 2,7 %0 CB
397-2 0,3 oy 1,8 abedef oy
380-2 0,3 oy 2,2 bedef CB

362 1, bede CB 37° B
379 1,1 cde CB 1,3 abed oy
328 1,1 abede CB 0,8 * oy
382 1,1 8bede CB 37° B
326 1,1 abede CB 2,2 bedef CB
390 1,2 bete CB 1,5 ebede oy
352-1 1,4 o CB 2,0 Pecef CB

325 1,4 % CB 3,30 B
350 1,5 %f CB 1,3 2 oy
351 1,7 B 2,0 Pecef CB
329-2 1,7 B 0,3° y
358 1,9° B 2,5 %1 CB
341-1 1,9 B 0,8 %" oy
312-3 2,0° B 0,8 %" oy
359 2,51 B 2,5 %0 CB
324-2 349 B 2,2 bedef CB
Mapycs 1,9°¢ B 1,5 2bcde (0)%

Nuer
HeKpo3 yBsaaHue cpepHee

6ann ry 6ann ry 6ann ry
0,3° y 0,8 ™ oy 0,5 y
0,2° y 0,7 oy 1,0 % oy
0,2 oy 0,3° y 1,3° CB
0,0° y 1,0 % CB 16¢ B
08%* oy 0,2° 0,8 * oy
07%® oy 0,2° 1,3° CB
1,72 oy 22¢ 1,4° B
1,0 oy 0,7%® oy 1,3° CB
05%® oy 2,0 B 1,3° CB
1,0%® oy 0,8 oy 1,5¢ B
0,5 oy 0,8 oy 1,0 % oy
0,2° 2,0 cd 1,4° CB
0,3° 0,3° y 14° CB
2,0° CB 0,8 ™ oy 1,5° CB
0,3° 1,3 2 CB 0,9 oy
0,2° 0,8 ™ oy 1,69 B
0,7%® oy 1,0 @ CB 1,3° oy
08%* oy 1,7 > 1,3° CB
07%® oy 02° y (lgjebe cy
05%® oy 0,8 *° (0)% 1,6° B
1,0 oy 1,2 2 CB 1,2 @ oy
12%® oy 1,2 2 CB 1,4°

05%® oy 03° y 04° y
0,5% oy 0,3° y 1,12 oy
0,5 oy 0,3° y 0,6 oy
0,7 oy 0,2° y 0,6 oy
1,0%® oy 0,2° y 1,2 % oy
0,5% CB 0,7 oy 1,1 2 oy
1,5% oy 2,0 B 1,7°¢ B

lpumeyaHue: cywecmeeHHOCMb pa3nuyull ¢ eeposmHocmbio 95% coanacHo mecmy [yHkaHa mexdy obpasuamu

10 YPOBHIO NposierieHus1 cumMrnmomos bakmepuo3a obo3HadyeHa bykeamu 8 uHoekcax (a-g).['Y — epynna ycmouddueocmu.
Note: the significance of differences with a 95% probability according to the Duncan test between samples

in terms of the level of symptoms of bacteriosis is indicated by letters (a-g). 'Y - sustainability group
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06pasubl C OTHOCUTENBHOW YCTONYMBOCTBIO NIUCTHEB, NPUYEM B
KpalHuxX rpynnax ux gons Obina comnocTaBuma U cocTaBuna
okoro 60% ot yncna obpasuoB B rpynne. B To xe Bpems, gons
CpeaHeBOCMPUNMYMBLIX 06pa3LIOB MO NIMCTbSIM CHWXKanachb Mo
MEepe CHWXEHWUsI YCTOMYMBOCTM KOPHEMNIOAOB, a BOCMPUMMYM-
BbIX COOTBETCTBEHHO, HAao60opoT — yBenuumBanache. [pu aToM
cpean yCTOM4YMBBIX MO KOPHENnoAy oTcyTcTBoBanu obpasubl,
BOCNpPMUMYMBBLIE K BakTepnody no NUCTbsIM, B rpynne OTHOCK-
TEnNbHOW YCTOMYMBbLIX MO KOPHEMOAY UX A0NsS CocTaBura BCEro
15%.

To ecTb, B pacLIennatLLMXCA MHOPeOHbIX NMOTOMCTBax, B
oTnnyme ot 6onee BbIPOBHEHHbIX NMOMynAUMiA (copTta, rmbpuabl
F4, uMcTble NWHWUK), OTMe4YaeTcsl 3HauuTenbHas Bapuabenb-
HOCTb COYETaHWs YCTOMYMBOCTM PasfMYHbIX OPraHoB cnopogu-
Ta Kk OakTepuanbHol WHdekuun. B pgaHHoOM cnydvae OGonee
ahdhekTMBHLIM ByaeT ABNATLCA OTOOP MO YPOBHKO YCTONYMBO-
CTU KOPHEMMOAOB, YTO CYLIECTBEHHO CHWKaEeT BEpOSTHOCTb
oTbopa opM C BOCMPUNMUMNBOCTbLIO NMUCTOBOW PO3ETKM (puc.4).

80 B ictes OV Baucres CB ®ucths B
. 60
(-]
=2
2 40
[l=]
=1
5 |
24 oy CB B

I'pynma ycToiiMHBOCTH 110 KOPHEILIONY

Puc. 4. PacnpedeneHue uH6pedHbIX MOMOMCMe C8eKJlbl CMoJio-
eoli no ycmoliyueocmu Kk 6akmepuo3y no omoes1eHHbIM JIUCMb-
AM e npedesiax 2pynn ycmoul4ueocmu KOPHeni0008 rno pe3yib-
mamam UCKyccmeeHHO20 3apa)keHusi 8 ycrioeusix in vitro eoo-
Hol cycneH3uel Psa 1-21
Fig. 4. Distribution of inbred table beet progeny by bacterial
resistance by separated leaves within root crop resistance
groups based on the results of artificial in vitro contamination
with an aqueous suspension of Psa 1-21

N3 pasHbiX MO COYETaHWIO YCTOMYMBOCTU KOPHEMIOAOB U
NCTBLEB TPyNn, Gbino oTobpaHo 12 HanGornee LEHHbIX MO KOM-
MNeKcy CenekuMOoHHO 3HAYMMbIX MNPU3HAKOB WHGPeAHbIX
MOTOMCTB ANl U3YYeHUsl peakumum MUKporameToduta Ha 3apa-
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BREEDING, SEED PRODUCTION AND PLANT BIOTECHNOLOGY

»eHne Psa 1-21. B uccnegoBaHus ObINM BKIHOYEHbl OBE KOH-
LEeHTpaLuumM BOOHOW CycneH3uu naTtoreHa — Bbicokas 1,2x10°
kn/mMn  (McxogHas) n Huskasa 2,4x108 kn/mn (passegeHuve 2:8),
BMUSIHWE KOTOPbIX Ha (PyHKUMOHamnbHble MapamMeTpbl NbifbLibl
YCTONYMBBIX Y BOCMPUUMYMBBIX FTEHOTUMOB, Kak OblNo ycTaHoB-
NEHO BbILLe, OoTnnyaeTcs (puc. 5).

B pesynbTaTe, Kak 1 B onbiTax co cCnopoduUToMm, y MHOpeaHbIX
NMOTOMCTB Oblf1 OTMeYeH Ooriee LIMPOKUIA CrnekTp 3ddeKToB
BnusaHUA Gaktepuii Ha nokasatenu XXCI v AnvHy NbinbLeBbIX
Tpybok. Kak BugHO Ha pucyHke 5, y cemy ob6pasuoB oTMEYEHO
UHrMbrpoBaHve, a y NSTU — CTUMyNMpOBaHWE MNpopacTaHus
NbINbLEBbIX 3€PEH OTHOCUTENbHO KOHTPOJS, HO B 00eunx BbiGop-
Kax npucyTcTBoBanu obpasubl U3 BCeX rpynmn yCTOMYMBOCTU MO
KopHennoay. B To e Bpemsi, B npegenax 3TuX BblGOPOK
3(pdeKT BMMAHNSA Ha CKOPOCTb pocTa MNbiNbLEBbIX TPybok 0bpas-
LOB CYLLIECTBEHHO OTfM4anca — OT MOMHOro MHrMbrpoBaHus
(Ne330-2) go ctumynupoBaHus B 2,5 pa3sa (Ne352-1-4).

B paHHOM cniyyae, kak nokasan aHanua, Ans paHXupoBaHus
obpasuoB 6Gonee MHGOPMATMBHLIM ABMASETCA KO3DULMEHT
ctpeccoyctonumnsocTn (Ks), koTopbii coBmellaeT B cebe oba
3Tn nokasaTtens. Mpu 3ToM, BaXkHbIM (hakTOPOM NPU PaHXUPO-
BaHMM 0OpasL0B CBEKIbl CTOMOBOW MO yCToM4YMBOCTM K Psa 1-21
C WCMOoNb30BaHMEM 3TOr0 KO3(hdULMEHTa ABMSETCA YPOBEHb
XKM3HECNOCOOHOCTM MbiNbLibl B KOHTpone. BHyTpu rpynn ¢ HK3-
kon, cpegHen u Bbicokon XKCI1 ycTonuMBblE MO KOpHENnoay
0o6pasupl menu 6onee HU3KMIN KOIDULMEHT CTPECCOYCTONYU-
BOCTW MO CPaBHEHMIO C BOCMPUMMYMBBEIMU obpa3suamu (Tabn. 3).

Bonee TecHasa conpsikeHHocTb (R*=0,66) mexgy Oannom
nopaxxeHWsi KOpPHENsoAoB M 3HayveHusiMu Ks oTmeveHa npu
NCMNOSb30BaHUM HU3KOW KOHLIEHTpaUMM naTtoreHa B nuTaTtesib-
HOW cpefe Ansa npopalumBaHus nbinblbl (pyc. 6). MNpuyem, aHa-
N3 BHYTPUMNONYNSALUMOHHOMO NonMMopduamMa no YpoBHIO YCTON-
YMBOCTM KOPHENSIOAO0B U ANWHE MbiNbLEBbLIX TPYOOK B cpeaHen
npobe MukporameToduTa [aeT BO3MOXHOCTb HE TOJIbKO
BbISIBUTb YPOBEHb reTEePOreHHOCT NHOPEAHbIX MOTOMCTB, Oonpe-
OEeNUTb COOTHOLLEHME PasfUYHbIX MO YCTOMYMBOCTM hpaKUmi B
nonynsaumn, HO U AaTb MPOrHO3 UX COOTHOLUEHWUSI B NMOCNeayto-
LLieM NOTOMCTBE Ha OCHOBaHWM U3y4eHWs KpMBBIX pacnpenene-
HMS MUKporameToduTa Mo AnvHe MbinbLeBbIX TPyOOoK npu pas-
HbIX KOHUEeHTpaunax Psa 1-21 B cpefe.

Cpeausnn 1anua TPYOKH, OTKI0HCHHE 0T KONTPoasA B %
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Puc. 5. PacnpedeneHue uH6pedHbIx nonynsyuli ceeksbl cmosiogoll no aghgpekmam enusiHusi 800HOU cycreH3uu
Psa 1-21 Ha XXCI1 u onuHy nbinbyeebix mpy6ok omHocumMesbHO KOHMPOJIsl MPU UCKYCCIMEEHHOM 3apaXxeHuu
Fig. 5. Distribution of inbred beetroot populations according to the effects of Psa 1-21 aqueous suspension
on LSP and pollen tube length relative to control during artificial infection
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Tabnuya 3. Koaghgpuyuenm cmpeccoycmotiyueocmu Mukpozamemoghuma nod goszdelicmeuem 800HOU CyCrMeH3uu pa3auyaroujuxcs rno
ycmotiyueocmu KopHenodoe ceeksibl cmosioeol Kk Psa 1-21 e epynnax o6pa3yoe ¢ pa3HbIM yPOBHEM KU3HECTIOCOOHOCMU NblbUE8bIX 3ePeH
Table 3. Coefficient of stress resistance of microgametophyte under the influence of aqueous suspension of beetroot crops differing in resistance to
Psa 1-21 in groups of samples with different levels of viability of pollen grains

©
CpeaHsas CymmapHas KoadhcdhmumeHt =3
ﬂonﬂ)l:(popgcmwx, ANuHa TpyOku * cTaHAapTHOe AnuHa Tpy6ok CTPeccoyCTOMYMBOCTH E
0 OTKNOHEeHHUe, MKM 100 n.3., MKM (Ks) @
)
Ne = :
obpasua 2 o ) 2 ) ) 2 ) ) ) ) o 25
5 = = 5 = = 5 = = = = ) =B
X
g & & g & & g & & & & 7 :
o~ -~ o -~ o ~— o~ -~ 5
>
rpynna c Hu3kum yposHem XCIM<10% B koHTpone
330-2 8 1 0 2418 2118 - 192 21 0 0,1 0,0 0,1 Yy
324-2 7 2 6 27411 64116 52412 189 128 312 0,7 1,7 1,2 B
329-2 10 g 12 3148 28+10 43111 310 252 516 0,8 1,7 1,2 B
312-3 8 11 24 39£10 39+18 33£13 312 429 792 1,4 2,5 2,0 B
cp. 8 5 11 30 44 43 251 186 405 0,7 1,5 1,0
rpynna co cpegHuM ypoBHem 10<XKCIM<20% B koHTpone
3211 11 5 11 2918 4119 40+7 319 205 440 0,6 1,4 1,0 oy
397-2 12 17 13 3444 67£10 6117 408 1139 793 2,8 1,9 2,4 oy
3907 16 24 30 3548 72411 69114 560 1728 2070 3,1 3,7 3,4 CB
341-1 20 28 24 2814 71413 4510 560 1988 1080 3,6 1,9 2,7 B
cp. 16 23 22 32 70 58 509 1618 1314 3,1 2,5 2,8
rpynna ¢ Bbicokum ypoHeM XCIM>20% B koHTpone
380-2 63 88 26 3548 4914 63+12 2205 1617 1638 0,7 0,7 0,7 oy
379 25 18 30 2114 2746 75124 525 486 2250 0,9 4,3 2,6 CB
352-1-4 46 28 40 2745 63119 69112 1242 1764 2760 1,4 2,2 1,8 CB
382t 48 68 41 73+13 87+13 63+11 3504 5916 2583 1,7 0,7 1,2 CcB
cp. 46 37 34 39 57 68 1869 2446 2308 1,2 2,0 1,6

Takum obpasom, B pesynbTaTe MpPOBeAEHHbIX UCCreaoBaHUM
Ons ganoHenwen paboTbl ObiNW BblAeneHbl ABe OTHOCUTENbHO
yCTon4mMBbIE K GaKTepno3y hepTUNbHBIE NIMHUN 3aKpenuTENnmn cTe-
punbHocTM «B» - Ne151 n Ne196, a Takke Ons nomcka HOBbIX
WCTOYHUKOB U CO3aHMs Ha UX OCHOBE YCTOMYMBLIX K GakTepnosy
nmHuiA «Cy» - MHOpeaHble notomcTBa NeNe 330-2, 321-1, 397-2 u

352-1-4 (puc. 7), koTopble 06MaaatoT KOMMMEKCOM APYrMX Cenek-
LIMOHHBIX N XO3AWCTBEHHO-LIEHHbIX NPU3HakoB. OnvcaHve 1 xapak-
TEpPUCTUKA BbleNeHHbIX MHOPeaHbIX MOTOMCTB U NUHWIA NpuBeae-
Ha B Tabnuue 4. OTobpaHHble NOMyNSALUMK BKITOYEHbI B CENEKLMOH-
HbIli NPOLIECC AN CO3[aHUsl OTEYECTBEHHBIX NMPOMbILLMEHHBIX KOH-
KyPEHTOCNOCOGHbIX rMBPMO0B C YCTONUYMBOCTLIO K GakTeproasy.

Ks/kopuernnon
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Puc. 6. Bzaumocesizab Mexdy koaghgpuyueHmom cmpeccoycmoliyueocmu (Ks) mukpoeamemoghuma
npu pa3Hbix KOHYeHmMpayusix eo0Hol cycrneH3uu wmamma Psa 1-21 [1,2x10° kn/mn (ucx.) u 2,4x10° kn/mn (pa3eedeHue 2:8)]
u yposHeM ycmoliyueocmu KopHernsodoe (6asnn nopaxeHusi) UH6pedHbIX MOMoMcme CeeKJibl cmosioeol
Fig. 6. The relationship between the stress resistance coefficient (Ks) of microgametophyte
at different concentrations of aqueous suspension of Psa 1-21 [1,2 x10° cells/ml (ex.) and 2,4 x 10° cells/ml (dilution 2:8)]
and the level of root crop resistance (damage score) of inbred beet progeny
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Tabnuya 4. Xapakmepucmuka JuHull u UH6PedHbIX MOMOMCME C8eKJIbI CMosi08oli, omobpaHHbIX Mo ycmoliyueocmu K Psa e pesynsmame
UCKYCCMBEHHO20 3apaXeHUs, M0 KOMII/IEKCY CE/TeKYUOHHO-UEHHbIX U X035licmeeHHO 3Ha4YUMbIX MPU3HaKoe
Table 4. Characteristics of lines and inbred descendants of table beet selected for resistance to Psa as a result of artificial infection, according to a
complex of breeding-valuable and economically significant traits

XapakTepucTuka

KopHenmogbl Okpyrmol hopMbi C rMazKol MOBEPXHOCTbIO, TOHKVM OCEBbIM KOPELLKOM,

s UHpekc
o T 8 = = c dopmbi
= o 5 -
© s & 5 Ng& 4 < =  kopHennopa
o oS $F =04 E %0
[T} c T s o g ] (TR
S® o S0 Faop o C s
2& St o £%g = g5
TS c9 % HoZ © Ox 6Gann V,%
© © |_§ (== 1] 3
T 5 & 2 ©° =
s ©
>
151 B 38 148 86 45 0,9 12

MareHbKOM roroBKOW, KpacHOM MAKOTbHO, 6e3 SIPKO-BbIPaXEHHbIX koneL,. [luctosas poseTka

MPSIMOCTOsYast C YepeLLKamit CpeHeN ANMHI.

196 B 3,9 153 85 4,5 0,9 7

KopHennogb! okpyrnoli hopMbl C TOHKMM OCEBbIM KOPELLKOM, CPEAHEN FONOBKOM, KPacHOM
MSKOTBH, 6e3 SpKo-BbIpaxeHHbIX konew,. JncToBas poseTka MpsmMocTosyas.

KopHenmnozbl OKkpyrroi Uy crierka oBasbHol (opMbl ¢ TOHKVM OCEBbIM KOPELLKOM,

397-2 B 3,5 117 88 4,5 1,1 14

CcpenHen ronoskor. MAKkoTb KpacHas v MHTEHCUBHO-KpacHas 6e3 ApKo-BbIpaXEHHbIX KOMeL.
Jnctosas poseTka nonynpsAMocTosyas, koMnaktHas. OTHOCUTENbHO YCTONYMBBIA K

LiepKoCmopoay.
KopHenrogbl Okpyriol hopMbi C TOHKIM OCEBLIM KOPELLKOM, FMafKO MOBEPXHOCTIO,

330-2 C 44 155 85 5,0 1,0 18

MarneHbKOM rofOBKOM, MHTEHCUBHO-KPACHOW MAKOTbI0. JTucToBas poseTka

nomynpsaMocTosyas.
KopHenmogbl Okpyriiol hopMbi ¢ 04eHb TOHKIM OCEBLIM KOPELLKOM, FMafKoi

321-1 C 42 156 89 5,0 1,0 21

MOBEPXHOCTHIO, MareHbKOM roMnoBKOA, MHTeHCMBHO-KpaCHOIZ MSKOTbI0. JlucToBas poseTka

nonypackuancTas.
KopHenmozbl Okpyriiol hopMbi ¢ 04eHb TOHKM OCEBLIM KOPELLKOM, FMazKoi

352-1 C 5,1 180 90 5,0 1,1 17

MOBEPXHOCTHIO, MareHbKOM roMnoBKOM, MHTeHCMBHO-KpaCHOﬁ MSKOTbI0. [lucToBas po3eTka

nonypackuaucTasi.

3akntoveHue

B pesynbTaTte npoBeAeHHOro No3TanHoro CKPUHUHIA reHeTuye-
CKM-pa3HO06pa3HOro NMHENHOro U MHOpPEeQHOro MaTteprana CBek-
bl CTONOBOM MO YCTONYMBOCTU K Pseudomonas siringae aptata Ha
pasHbIx CTagusax pa3suTus (CnopoduT, raMeToduT) yCTaHOBIEHO,
YTO CMOPOdUTHASH PE3NCTEHTHOCTb KOHTPACTHBIX MO YCTONYMBOCTU
reHOTMMNOB CBekrbl K Psa onpepensieTcs ypoBHEM opraHocneuu-
PUYHON YCTONUMBOCTU. [pY MHOKYNALMK KaK KOPHENoAoB, Tak u
OTAENEHHbIX JNINCTHEB OTHOCUTENBHO YCTOMYMBLIX K OakTepmosy
KOHCTaHTHbIX NnuHuiA (Ne151 1 Ne196), Habntoganu HesHaunTenb-
Hoe pacnpocTpaHeHue 6akTepnosa — go 1,0/0,5 6annoB cooTBeT-
CTBEHHO. Y Bocnpunmumeor nnHum Ne158 passutne Gaktepunosa

npoucxoanno 6onee MHTEHCUBHO 1 AocTurano no kopHennoay 1,9
6annos., no nucTesim — 1,5 6anna ¢ YacTu4HON NoTepen Typropa.
Ha ypoBHe mMukporameTocuta 6onee nHpopmaT1BHbIM OKasa-
NOCb UCMONb30BaHWE B KA4YECTBE CENEKTUPYHOLLENO areHTa BOAHON
HakTepuanbHoi cycneHsuu. JlnHum Gonee veTko anddepeHLmpo-
Bas1ch CornacHo obpaTHOIN B3aMMOCBA3M PeaKLMK NbifbLibl U CMOo-
pochuta, BbISBNEHHOW B NpeabloyLUnX MUCCNeaOoBaHUsIX Ha KOHT-
pacTHbIX NO ycTon4MBOCTU copTax [19]. Hanbonee Bbicokue noka-
3atenun XKCI1 v cpegHen AnuHbl NbinbLEBbLIX TPYOOK OTMEYEHbI Y
BOCTpUMYMBON NuHUM Ne158, y KOTOpOW OTKITOHEHME OT KOHTPO-
N cooTBETCTBEHHO cocTaBuino 20% un 154%, Toraa kak y oTHocK-
TEMNbHO YCTOMYMBOW MO cropoduTy NiHMM Ne196 - nHrmbupoBaHue

» 3

- | s

Puc. 7. JluHuu u uH6pedHbIe MoMoMcmea ceekJsibli CmoJsioeoli, omobpaHHbIe Mo ycmoliyueocmu K 6akmepuosy
Fig. 7. Lines and inbred progeny of beetroot, selected for resistance to bacteriosis
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npopactaHus Ha 30%, Npu CTMMyNMPOBaHUK pocTa TpyboK Bcero
Ha 40% no cpaBHeHMO C KOHTporeMm. lNpu aTom KoahrLMEHT
koppensauum Mexay 6annom passutns Gakteprosa npu 3apaxe-
HUM kopHennogoB 1 XCIT mukporameTomta Ha MUTATENbLHOWM
cpene ¢ nobaenenvem cycrneHaumn Psa 1-21 coctasnsan r=0,97,
ONVHHOM MbinbLeBor Tpybkn - r=0,85. CTeneHb B3auMOCBA3N
MeXOy WHTEHCUMBHOCTBLIO MPOSBMNEHUS] CUMMTOMOB GakTepunosa Ha
OTAENEHHbIX NUCTbSIX aHaMU3NPYEMbIX NIMHUIA U peakumen MUKPO-
rameTodmTa nNpyn 4oOaBnNeHMn B MUTaTENBLHYO Cpeay BOAHOW Cyc-
neH3un bbina MeHee BbipaXkeHa.

B pesynbTaTe ganbHEMWero CKpUHUHIa reHeTU4eckn HeodHo-
POAHbLIX MHOPEAHbIX MOTOMCTB CBEKIbl CTOJTOBOM pa3HbIX NMOKome-
HUI MO YCTOMYMBOCTM K BakTepunosy C UCMorb3oBaHWEM BOLHOW
cycneHaum Psa 1-21 B aByx koHueHTpaumsx (1,2x10° KOE/mn u
2,4x10° KOE/mMr) yCTaHOBMEHO, YTO B pacLLEnnsoLWLmnXCcs NOTOM-
CTBaXx, B OT/IMYME OT KOHCTAHTHBIX JIMHWIA, OTMEYaeTCs 3HaUMTESb-
Hasl BapnabenbHOCTb CoYeTaHnsl YCTOMYMBOCTM pasnnyHbIX opra-
HOB crnopoduTta k GakTepuansHow nHdekumn. B gaHHoOM cnyyae
6onee adpPeKTUBHBIM ABMAETCS OTOOP MO YPOBHIO YCTONYMBOCTU
KOPHENoAoB, YTO CYLLIECTBEHHO CHWKaeT BEPOATHOCTb OoTbopa
dopM C BOCTIPUMMYMBOCTLHIO NIMCTOBOW PO3ETKM.

Ha ypoBHe MukporameToduTa, Kak 1 no cnopoduty, y nHbpea-
HbIX NMOTOMCTB Oblf1 OTMeYeH Gornee LUMPOKMIA cnekTp achdekToB
BMusiHMA 6akTepuin Ha nokadaTtenu XKCI v onvHy nbinbLeBbIX Tpy-
6ok. B gaHHOM criydae, Ans paHXvpoBaHusi obpasuoB bGonee
WMH(OPMATUBHBIM SBRSETCH KOAPMULIMEHT CTPECCOYCTOMHMBOCTU
(Ks), koTopbiin coBmeLLaeT B cebe oba aTu nokasatens. [Mpu aTom,
Ba)XHbIM (0AaKTOPOM MpW pacnpeaeneHn NoTOMCTB C UCMOSb30Ba-
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[poMbIwneHHoe NPoM3BOACTBO GaxyeBbIX KynbTyp COCPeAoTOYEHO, FMaBHbIM 06pa-
30M, Ha HOro-Boctoke Poccum, uto 06ycnoBneHo KnMmatuyeckumm pecypcamu. B HacTosiee Bpems
0cob0e BHUMaH1e Cpeau CenbXo3TOBaponpou3BoAUTENei yAENseTCa pacLuMpeHMo acCOPTUMEHTa bax-
YeBbIX KynbTyp, C LieNbI0 YAOBMETBOPEHUS cpoca Ha Nnoboi Bkyc. [ins cokpalleHus npon3BOACTBEH-
HbIX PUCKOB OT BO3[EMCTBMSA KIIMMATUYECKMX YCNOBUIA 30HbI BbIpalLMBaHusl, He0OX0ANMO NpoBeAeHNe
9KONIOTMYECKUX UCMbITAHMA C LIeNbH0 PacLUMPEeHUs apeana pacnpocTpaHeHWsi HOBbIX COpToB. Llenb
paboThl: NONy4MTb JOCTOBEPHYIO OLEHKY OCHOBHbIX MOKa3aTeneil HOBbIX COPTOB AblHU B YCIOBUSAX
npearopHom 3oHb! KpbiMa.

[na pelweHns NOCTaBNEHHON 3afayu B OTAENe CErNeKuuM U CEMEHOBOACTBA
OBOWHbIX M GaxyeBbix KynbTyp ®IBYH «HUUCX Kpbima», pacnonoxeHHom B c. YKpomHoe,
Cumdbepononbckoro paiioHa, B nepuop 2023-2024 ropos, NpoBefeHbl MCCNeAoBaHNA NO UCMbITaHUIO
TPEX HOBBLIX COPTOB AbIHM ceneKumn BbikoBCKoW Gax4yeBoi CENeKLUMOHHOMN ONbITHOM CTaHLuK — hunua-
na ®rBHY ®HLO. OnbiThl npoBoaMnM cornacHo MeToauyeckux ykazaHui no cenexkuun 6axyeBbIX Kynb-
Typ, MeToauke nonesoro onbiTa B OBOLIEBOACTBE.
B cpenHem 3a 2 ropa, BbISIBNIEHO NpeuMyLLecTBO copTa lapMoHus no ypo-
KalHOCTM 1 CpefHel Macce OQHOro NNoAa Haj MecTHbIM copToM Haconopaa. MakcumanbHble 3HaueHns
TOBapHOI YPOXaNHOCTH NNOAOB COOTBETCTBOBANMN COpTy [apMOHMS, pa3HuLia C KOHTPONEM COCTaBns-
na 37,4%. CpepHsisi Macca TOBapHOTro nJiofa U3y4aeMbIX COPTOB U3MeHsANach B npeaenax ot 1,6 no 4,4
KT, Haubornbluei Maccoi OTNMYanuch Nnnofbl copta MapMOHMs, pasHuLA C KOHTPOreM cocTaBnsna
36,8%. Mo GrmoxmMmmMyeckum cBONCTBaM MAKOTW NMNoAoB Bhiaenuncs copt Kaccaxppa. Mpesbiwenne no
coepxaHmio 0blmx caxapos cocTaBnano — 22,5%, pesyumpytowmx — 36,7%. Mo yctonumsocTu K Hau-
Gonee pacnpocTpaHéHHbLIM GonesHsM Bce Tpu copTa npeBocxoaunu Haconopy.
Takum oGpa3om, No KOMNNEKCY OCHOBHbLIX MPU3HAKOB AN NPOV3BOACTBA B HOXHOM pervo-
He, a uMeHHo Pecny6nuke Kpbim, MoXHO pekomeHAoBaTh ABa copTa AblHK: [apmoHuio u KaccaHapy.

IbIHA (Cucumis melo L.), copT, ypoxaitHOCTb, CBOMCTBA NNOAOB, AerycTauus, UCCIeA0BaHUA

Industrial production of melons is mainly concentrated in the South-East of Russia
due to climatic resources. At present, special attention among producers is paid to expanding
the assortment of melon crops in order to meet the demand for all tastes. In order to reduce
production risks from the impact of climatic conditions of the growing area, it is necessary to
conduct environmental trials to expand the area of distribution of new varieties. Purpose of
work: to obtain a reliable assessment of the main indicators of new melon varieties in the con-
ditions of the foothill zone of the Crimea.

To solve this problem in the department of breeding and seed pro-
duction of vegetable and melon crops FSBSI “Research Institute of Agriculture of Crimea"
located in the village of Ukromnoye, Simferopol district, during 2023 — 2024, conducted
research on testing three new varieties of melon selection Bykovskaya Melon Breeding
Experimental Station is a branch of the FSBSI "Federal Scientific Center of Vegetable
Growing". The experiments were conducted according to the Methodological Guidelines for
breeding melon crops, Methodology of field experiment in vegetable growing .

On average for 2 years, the advantage of Harmony variety in yield and average weight
of one fruit over local variety Nasoloda was revealed. The maximum values of marketable fruit
yield corresponded to Harmony variety, the difference with the control was 37.4 %. The aver-
age weight of marketable fruit of the studied varieties varied from 1.6 to 4.4 kg, the greatest
weight was characterized by fruits of Harmony variety, the difference with the control was 36.8
%. In terms of biochemical properties of fruit pulp, the variety Cassandra stood out. The excess
in the content of total sugars was 22.5 %, reducing sugars — 36.7 %. All three varieties sur-
passed Nasoloda in resistance to the most widespread diseases.

Thus, two varieties can be recommended for production in our region according
to the complex of main features: Harmony and Cassandra.

melon (Cucumis melo L.), variety, yield, fruit properties, tasting, research


https://crossmark.crossref.org/dialog/?doi=10.18619/2072-9146-2025-3-50-54&domain=pdf&date_stamp=2025-07-07

blHA U3gaBHa 3aHMMarna ocoboe MecTo B paLMOHe Yeno-

Beka ntoboro Bo3pacTta. ATo U3NONEeHHoe NakoMCTBO
Anst geten n B3pocnbix. bnarogaps 6oratomy copepxaHuio
Nnosie3HbIX BUOXMMUYECKNX BELLLECTB B COCTaBe MJI0AOB, creuu-
ke BKyca, HanMun ONETUYECKUX U NeYebHbIX CBOWCTB, €€
nonynsipHOCTb C KaXAblM rogom Bospactaer [1, 2, 3].

ObiHa  BblpawmBaetcda B 130 cTpaHax wmupa [4].
OO6LwemnpoBoe MNPOM3BOACTBO AblHb COCTaBMISIET B CPEOHEM
okoro 28,617 MiH. TOHH B rof, y6opoyHasi nrowaas 1,077 MrH.
ra c ypoxamnHoctbeto 26,6 T/ra. Mo gaHHbIM ®AO, nepBoe mMecTo
npuHagnexvT ctpaHam Asun (22,045 MrH. TOHH; 77 %), BTOpoe
— ctpaHam Amepukn (3,291 mnH. ToHH; 11%) n TpeTbe — cTpa-
Ham EBponbl (1,961 mMnH. ToHH; 7%). Jlngepom no BbipalmBa-
HWUIO NNoAoB AblHU aBnseTcs Kutan, ¢ o6bEéMoM nponsBoacTea
B 14,071 mnH. T. B rog. Bropoe mecTo npuHagnexut Typuuu, ¢
BanoBbIM cbopom nnogos okorno1,64 mnH. 1., Hous yctynaet
en nuwb Ha 9,82 %. B nocnegHue rogbl paclumpuin CBOW Noces-
Hble nrowaaun noA aton KynbTypon KasaxctaH ¢ npousBog-
CTBOM TOBapHoMW npoaykumn B 1,395MNH.TOHH B rod, 310 B 2,5
pasa 6onblue, yem B CLUA. B Poccum nog 6axyeBbiMuU KymnbTy-
pamu B cpegHem 3aHATo oT 90,806 oo 104,2 TbIC. ra, npu Bano-
BoM cbope 1689 ThIC. T., ¢ ypoxaniHocTbto 18,6 T/ra [4]. Mo aak-
HbeiM KpbimcTata B 2023 rogy nog 6axyeBbiMU KynbTypamu B
Kpbimy 660 3aHaTo 680,3 ra.

MpombliLLneHHoe npou3BoacTeBo B PP cocpenoToyeHo, rnas-
HbIM 06pa3om, Ha KOro-BocToke cTpaHbl, YTO 06YCNOBNEHO KIN-
MaTMYECKMMK pecypcamu, OrpaHMYMBaloLLMMK pacrnpocTpaHe-
HMe TenmnonobmBbIX GaxyeBbIX KyrbTyp, OCOOEHHO AblHU, COp-
TOBOW COCTaB KOTOpoW GoraT un pasHoobpaseH [1, 2, 4, 5]. B
rocyapcTBeHHbIi PeecTp CenekuMOoHHbIX OOCTWXEHWI, Oomny-
LLEeHHbIX K mcnonb3oBaHuto B P®, BHeceHo B 2024 rogy 196
obpasuoB AblHW, U3 HUX 120 OTEYECTBEHHOW CeneKkunu.
Bnarogaps co3gaHulo HOBbLIX FEHOTUMOB M COBEPLLEHCTBOBA-
HUIO TEXHOMOTMI BblpalUMBaHKs, 30HbI BO3AENbIBAHUSA AbIHU
pacwwupsitotes [6, 7]. Mpon3BOACTBEHHMKN BCE Oonblle npo-
ABMSAIOT MHTEPEC K HOBLIM COPTaM, He YCTynakLMM Mo YPOBHIO
YPOXarHOCTU MMMOPTHbIM aHarnoram[8]. B KypopTHOM 30He
Kpbima Bcé 60nblue BHUMaHUS YAENAeTCsa UCNONb30BaHUo pas-
HOOO06pasHbIX (OPM AblHU C PasfnMYHbIMWA BKYCOBbIMW CBOW-
cTBamMu. ACCOPTMMEHT MpeafiaraeMor Ha pbiHKE MPOOYKLUUN
OOIMKEH YAOBNETBOPATb CNpoC Ha ntoboi Bkyc. MNpu 3ToM Lene-
coobpasHo MCMonb30BaTb YK€ MMEKLMINCS CEeNEKUMOHHbIN
MaTtepuan pasfnYHbIX 3JKONOrMYeckux pernoHos [6, 7, 9].
M3BeCTHO, 4YTO peakuus Kaxaoro OTAENbHOro reHotuna B
MEHSIOLMNXCA BHELLHNX YCINOBUSAX, MHANBMAYANbHA U pasnnyHa
[7, 10]. NMoaTtomy Onsa pacwmpeHuss apeana pacnpocTpaHeHus
HOBbIX COPTOB, HEOOXOAMMO MX CpaBHUTENbHOE W3yYeHue B
Apyrux knumartuyeckux ycnosusx [7, 9, 11]. NposeaeHne akono-
rMYECKNX UCTbITaHWU No3BonseT anddepeHUMpoBaTb copTa no
MX peakumm Ha arpodoH 1 agpecHO BHeEAPSTb B MPOU3BOACTBO,
3TO CMOCOGCTBYET NOSYYEHMIO FrAPaHTUPOBAHHbLIX YpoXxaeB 6e3
noTepb OT BO3AENCTBUS KITMMATUYECKNX (DAKTOPOB 30HbLI BO3e-
NbiBaHUS M JOMNOSHUTENbHBIX 3aTpaT Ha MHTEHCUUKaLno
npuémoB TexHonorun [5, 6, 9, 10].

Llenb paboTbl — arpoakoriormyeckasi OLlEHKa OCHOBHbIX
XO3SIMCTBEHHO LIEHHbIX MoOKasaTenen HOBbIX COPTOB [blHU
cenekuun beikosckor BCOC — dmnunana ®reHY ®HLIO B ycno-
BUAX NpearopHon 3oHbl Kpbima.

OnbITbl N0 CpaBHUTENbHOWN OLEHKE HOBbLIX COPTOB AblHW MPO-
BOAUINTNUCL B OTAene cenekumm n cemMeHoBoaACTBa OBOLUHbIX U

6axyeBbix kynbtyp PIrBYH «HUUCX Kpbima» (c. YkpomHoe,
Cumdpepononbckoro panoHa) B TeuveHun 2023-2024 rr.
O6bekToM n3ydeHus ObiNmn3 HOBBIX CpeaHecnenbiX copTa AblHU:
Fapmonus, Katiowa n Kaccangpa, cenekummn boikosckort BCOC
dununana reHY ®HLO. NccnegoBaHusa NpoBoAUM COrnacHo
MeToamyecknx ykasaHuin no cenekumm 6axveBbix KynbTyp [12,
13]. MNonyyeHHble AaHHble obpabaTbiBanu MeToAOM Aucnep-
CMOHHOIO aHanuaa C WCMNofb30BaHMEM MakeTa MnporpaMm
Microsoft Office Excel 2010 [14]. BbiceB ceMsiH OCYLLECTBASNN C
27 anpens no 11 mas, npu NporpeBaHWn MoYBbl Ha rnybuHe
8-10 cm go 15°C, psigoBbiM crnocobom Ha 140 cm. Mnowanp
nutaHus pacteHunsa 1,5 M2 Mnowagb gensHkn 50 M2, noBTOp-
HOCTb TpexkpaTHas. B kayecTBe KOHTpomns Obin B3AT cpefHe-
crnenbii copT AbiHM Haconopa, cenekuun OrbYH «HUUNCX
Kpbima».

lMepen noceBom cemeHa 3amayvBany B pacTBope perynsito-
pa pocta «LinpkoH» (4 mr Ha 100 r BoAbl) B CMECH C rymaToMm U
MUKPO3IEMEHTaMN B Te4eHun 6-8 4yacos, 3aTeM BO BMAXHOM
COCTOSSHUM  UX MNpOTpaBnuBanyM CMeCbl  MpenapaTtos
«®yHpason» + «basyonH» B no3e 4 r Ha 1 kr cemsH. lNMepen
BbICEBOM CEMSIH NPOBOAMITN MECTHOE BHECEHUWE TPaHyNMpOBaH-
HbIX MUHepanbHbIX yaobpeHuin B Buge ammodpoca B fose 150
kr/ra. JanbHenwne TexHonornyeckme Npuémel Mo yxoay v nog-
KOPMKE pacTeHW/ MPUMEHSANM MO COCTOSIHWMIO M noTpebHocTn
pacTeHuin Ha MOMEHT X pa3BuTus. OnbITbl pa3Mellany B ycrno-
BUSIX KanernbHOro opolleHusi. B npouecce n3y4veHus obpasLos
OblHM NpoBOAMIM heHonornyeckne, buomeTpuyeckme namepe-
HUS, YY4E€T  ypoxasi, OLEeHKy TOBapHOCTM  NIOAOB.
AHanunsmpoBanv BbIPOBHEHHOCTb MOPONOrMYECKNX NMPU3HAKOB
nsyyaembix popm, cTeneHb NOPaxXeHWsi pacTeHU OCHOBHbLIMU
6onesHsMuM (NepPOHOCMNOPO3, aHTPakHO3, y3apros) u BpeamTe-
namu [14]. KayecTBo NnofdoBs oueHuBanu BU3yarnbHO, OpraHo-
NenTu4eckn, ¢ MOMOLLIbIO MOneBoro pedpakromeTpa u B nabo-
pPaTOpPHbIX YCIOBUSIX.

[Mo4Ba Ha ONbITHOM yyacTke npeAcTaBfieHa HXHbIM Kapbo-
HaTHbIM TSXKENOCYINIMHUCTBIM YepHO3EéMOM. 1o rpaHynomeTpu-
YeCKOMY COCTaBy OHa SBNSIETCH TSHKENbIM Cnabo-CTPyKTYPHbIM
cyrnuHkom. CopepxaHue rymyca B naxotHom crnoe — 4,3 %,
asoTa — 3,2 mr/100 r, cdpoccopa — 8,9 mr/100 r, kanua — 64,8
mr/100 r noyBbl, pH coneBown — 8,3.

VMccnepoBaHms npoBoaunu B HUXKHeM MpearopHOM arpoknu-
mMaTu4yeckoM panoHe KpbiMa C YMEPEHHO KOHTUMHEHTarbHbIM
KMMMaTOM, XapakTepuaylLMMCs HEeYyCTOWYMBBIM YBIaXXHEHW-
em. CpegHue rogoBble Temnepatypbl Bo3gyxa 9-12°C. Ons
[aHHOro pavioHa obbl4HBIM ABNSETCH XKapKoe NeTo Npu CpeaHnX
Temnepartypax uonsa nnc 23-24°C 1 makcumarbHbIX — MAc
35-39°C. CpegHsia TemnepaTtypa camoro XosfiogHOro mecsua
deBpans — oT MuHyc 2 Ao muHyc 10°C. [1na panioHa xapaktep-
Ha pes3kad KOHTMHEHTanbHOCTb, MPOAOIKMTENbHbIN BereTa-
LUMOHHBIA nepuof, 1 3acyxu. [0ooBoe KONMMYECTBO OCafKoB B
cpenHem coctaensieT 325-450 MM. CHEeXHbIi MOKPOB HEeYCTON-
ymB. lNMpomep3aHne NoYBbl B XONOAHbIE 3UMbl OCTUraeT rnyou-
Hbl o 1,0 m, a B Ténnble — 0,2-0,4 m.

3a nepwviof NpoBeAeHUs OMbITOB MOroAHblE YCMOBUSA CyLle-
CTBEHHO OTNMYanucb. TeMmnepaTypHbI PEXUM BereTaluoHHOro
nepmoga 2023 roga xapakTtepusoBasics YMEPEHHbIMU 3Hade-
HUAMW CpeaHeCYTOYHbIX TemnepaTyp. [peBbileHne cpegHeme-
CAYHbIX TeMnepaTyp Haj HOPMOW cocTaensno Bcero ot 1,7 go
3,8°C. B mae cpefHecyTouHble TemnepaTypbl U3MEHANNCb B
npegenax ot 8,0 go 18,7°C, MakcumarnbHble gocTurany 3Hade-
HuI 24-26°C (c 16.05 no 21.05), uto roBopuT 06 ymepeHHoO Tén-
non noroge. B mae konnyecTBo BbINaBLUMX OCafKoB, ObINO Ha
28% Hwxe Hopwmbl. [lepBas MonoBMHA WMIOHA XapaKTepu3oBa-



nacb yMepeHHbIMU CPEAHECYTOUHBIMIN 3HAYEHUAMMU TemnepaTy-
pbl BO34yxa, KOTOpble NpeBbIllany HopMmy Bcero Ha 1,6-2,5 °C.
BTopas nonoBuHa neTa Obina 4OCTAaTOYHO XapKOW, MakcMMarb-
Hble TemnepaTypbl JocTuranu nokasatenen 36,4°C B wuione,
37,3°C — B aBrycte. Ocagku Bbinaganu HepaBHOMEPHO, B BUAE
NVBHEBBIX [OXAEW, KONMUYECTBO KOTOPbIX B aBrycTe COOTBET-
cteoBarno 34,7 mm npotue 35,0 MM no HopMe. 3a Becb Nepuoa
BereTaumm ¢ anpensi no ceHTabpb Bbinano 228 MM npoTMe276
MM MO CPpeHNM MHOrONeTHUM AaHHbIM (Puc. 1,2).

30

Temmneparypa aosayxa, °C

anpens Mai HIOHb HIONb aBrycr

Bereratonsetii nepno AbHI

ceHTAbpL

2023 ropa 2024 ron =———nHOpMa

Puc. 1. CpedHecymoy4Hasi memnepamypa eo3dyxa
e nepuod eezemauyuu, °C
Fig. 1. Average daily air temperature during
the growing season, °C
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Puc. 2. Konuyecmeo ocadkoe e nepuod eezemauyuu, MM
Fig. 2. Amount of precipitation during the growing season, mm

Mepwuog Beretaumn 2024 roga pesko oTnuvyancs oT npealue-
CTBYIOLLIErO rofja n xapakrepusoBarncs 6onee Cyxoi W KapkoWn
norogon. MNpeBbllleHe cpegHEeCYTOYHbIX TemnepaTyp Habnto-
[anocb B TeYEHWe BCell Beretauuu, 3a UCKMYeHMem mas. B
3TOT Nepron OHW NPEBbILLANN CPEAHEMHOIONETHNE NokasaTenm
Ha 4,1 —5,5°C. MakcumanbHble 3Ha4eHUs AHEBHbIX TEMNepaTyp
pocturanu B noHe 33,8 °C, urone — 39,1, B aBrycte— 35,8, cen-
Ta6pe — 35,1 °C. Takas xapkasi noroga npwv kanesbHOM opoLle-
HMM cnocobcTBoBana He TOMbKO 3HAYUTENBbHOMY MOBLILLEHUIO
ypoxasi, HO M Yry4dlleHnio BUOXMMUYECKNX nokasaTenen nro-
noB. [lehmumT ocagkoB 3a BeCb Nepuog Beretaumm, no cpaBHe-
HUKO C NpeAlwecTByWmUM rogom, coctasun 41,1 MM, nNpoTus
HopMbl 89,1 MM. Hu3kne nokasateny BO3AYLLHOW U NMOYBEHHOM
Bnary (B nepvoj Hadvana uBeTeHust Gax4yeBbiX KynbTyp OHa
nameHsanacb B npegenax 49,1 — 61,3%, npy MUHMMAaInbHbIX
3HayeHusAx 17-22% B nepBoW 1 BTOPOW Aekafax uions), co3na-
BanM HeobXoOUMOCTb MONMBA pPacTeHW B BeYepHee BpeMsi
cytok. lNpu aTom, HM3Kas BRaXHOCTb BO3[yxa CAepXuBana
nosiBneHve 6onesHen.

OddekTBHOE MCMONb30BaHNE TEHEeTUYECKMX PEeCYpPCOB
pacTeHVn BO3MOXHO TOMbKO Ha OCHOBAHWUM WX WU3Y4YeHUs Mo
OCHOBHbIM XO35MCTBEHHO LieHHbIM NpuaHakam [3, 10]. nsa peko-
MeHOauui K NpUMeHeHn0 HeobxoanMmMo cHavana ucnbeitatb TOT
UM UHOW HOBBIN FEHOTUMN B KOHKPETHBIX YCroBUsX pernoHa [9].

Mo pesynbTaTam deHonorn4yecknx HabnwaeHn BbISBNEHO,
4YTO BCE U3y4aeMble CopTa OTHOCATCA K rpynne cpegHecnenbix
00pasuoB C NepnoaoM «BCXoabl — Hayaro co3peBaHusi MI0A0BY
76-86 cyTok (Tabn.1, puc.3, 4, 5, 6).

CopT MNapMoHUs oTnmMyancs camol BbICOKOM TOBApPHOCTbIO
NnnogoB MO CPaBHEHUID CO CTaHOAPTOM — MECTHbIM COpPTOM
Haconopa. Bce ucneityemble copta B 2024 rogy nmenu JocTo-
BEPHOE MpEeBbILLEHNE Ha KOHTPOMEM MO YPOXXanHOCTU MIOAO0B.
Cyxoli BO34yX M BbICOKME OHEBHbIE TeMnepaTypbl cnocobcTBO-
Banu bopMMpOBaHUI0 XopoLlero ypoxas. CnegyeT oTMeTUThb,
yto B 2024 rogy cambiM ypoXawHbIM Oblfl COPT AblHK
KaccaHgpa. O4eBMAHO, YTO 3TOT COPT XOPOLLO OT3bIBAETCS Ha
MoBbILLIEHVE TeMrnepaTypHOro pexuma. TOBapHOCTb NIOAOB Y

Tabnuya 1. OcHoeHble x035licmeeHHO UeHHbIe MoKazamesiu ObiHU 8 cpedHeM 3a 2023-2024 22
Table 1. Main economically valuable parameters of melon varieties in average for 2023-2024
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Tabnuya 2. Buoxumuyeckue nokasamesnu Hoebix copmoe ObiHU 8 cpedHeM 3a 2 200a
Table 2. Average biochemical indices of new melon varieties over 2 years

CopepxxaHue cyxoro BellecTBa
B MAKOTU nnoaoB, %

no
pedpakTomeTpy

12,8 0,6

11,7 £0,5

11,30,8

14,2 £0,4

2,52

MeToAOM
BbiCyLlInBaHUsA

8503

10,3+0,2

91402

11,2402

0,66

CopepxaHue caxapoB, %

oowmnx

12,0£0,3

12,60,4

14,0£0,2

14,7£0,2

0,93

peayumpyiowmux

7,7%0,0

7,701

11,0£0,2

10,5+0,3

0,75

CopepxaHue
BUTamMuHa C,

Mmr/%

4,85 0,09

4,98 £0,07

5,70 £0,17

7,53 0,09

0,43

OerycTtauuoHHas
OLleHKa,
6annbl

4,25+0,18

3,95+0,16

3,75 £ 0,26

3,95+0,15

0,28



BCEX COpPTOBbIX 06pasLoB Obina 6onbwe 90 %, ogHako Bbigenu-
nvcb No gaHHomy npusHaky Mapmonusa n Kaccangpa. CpeaHsas
Macca TOBapHOro nroja n3y4yaeMbiX COPTOB M3MeHsNach B npe-
aenax ot 1,6 no 4,4 kr, Hanbonee kpynHble NnoAbl ObiNy y copTa
[apmoHusa. ®opma nnoga y copta 'apmoHusa Gbina okpyrmo-
oBarnbHas, KaTtiowa n KaccaHgpa umenu Knaccuyeckylo Kpyr-
nywo ¢opMy, 4TO M nokasbiBaeT MHAeKC nnopa. KpacuBbii
TOBapHbIV BUA XapakTepeH Arnsi BCEX COPTOB, HO Oonee ToncTas
MSIKOTb caxapucToro 0enoro LBeTa COOTBETCTBOBana COpTy
[apmoHua. Jlyywen nEXKOCTbIO M TpaHcnopTabenbHOCTbIo
oTnuyanucb copta Katiowa n KaccaHgpa. Mo ntoram cpaBHu-
TeNbHOM OLEHKN HOBbLIX COPTOB AblHM 3a ABa rofa uccrenosa-
HWIA, NO YPOXXaNHOCTU, BbIXOAY TOBApPHbIX NIIOAOB U UX CPEAHEN
Macce Bblgensancsa copt MapmoHus; Kaccanapa n KaTtowa 6binm
Ha ypoBHe cTaHgapTa (tabn. 1). JerycrtaumoHHas oueHka nno-
[AOB [ibIHM B cpefHeM 3a 2 rofa, nokasarna npenmyLiectso MecT-
Horo copTa Haconopga, ogHako cnegyet oTMeTuTb, Yto B 2024
rogy camylo BbICOKYIH OLIEHKY Ha Aeryctauuu nofyyun copT
KaccaHgpa — 4,6 6anna (tabn. 2).
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Buoxumuyeckui aHanma MAKOTU MNOAOB AblHW, Mpen-
CTaBfeHHbI B Tabnuue 2, nokasbiBaeT, YTO Haubonbllee
KONMMYecTBO CyXOro BellecTBa M 00OLWMX caxapoB Hakanmnu-
Banocb y copta KaccaHgpa, Ha 22,5 n 36,7% cooTBeT-
cTBEHHO Oonblle, 4YyeM y cTaHpapTa, copTa Haconopa.
Haunbonblwee konuyectBo ButammHa C HakannmBanocb B
MsKOTK nnogoB copTa KaccaHgpa, uto Ha 55,2 % Bbiwe
cTaHpapTa. B oTHoweHun nopaxeHuss 6GonesHaAMU, BCe
HOBble copTa NposABNANM O60NbLUY CTENEHb YCTONYNBOCTH,
yem copT Haconopga, ocobeHHo copT KaccaHgpa.

Takum obpas3oM, MO MTOram W3y4YeHUst HOBbIX COPTOB
OblHU 3a ABa roga, Nno KOMMMEKCY XO3ANCTBEHHO LEHHbIX
NPU3HaKOB, MOXHO BbIAENUTb copT lapmoHua. Onsa npo-
N3BOACTBA B IOXHbIX pernoHax P®, a nmeHHo Pecnybnuke
KpbiM, MOXXHO pekomeHAoBaThb ABa copTa AblHU: TapMOHUIO
n KaccaHapy.
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B pabote npoBeaeHa oueHka 14 X039MCTBEHHO 3HAYUMBbIX BUAOB U3 CEMENCTBA FICHOTKOBbLIE
(Lamiaceae). Llenblo paGoTbl fiBNseTCA CpaBHUTENbHas OLEHKa NpeAcTaBUTeNed cemencTsa
fcHOTKOBbLIE MO CTaBUNBLHOCTM COCTaBa Chbipbs B 3aBUCUMOCTH OT YCIIOBUIA F0Aa, YTO NO3BOMMT Npo-
rHO3MPOBaTb Ka4YeCTBO Chbipbs ANA AaNbHENLLEro ero UCMoNb30BaHUsA U NepepadoTKu.

OcHOBHOe BHMMaHue B paboTe yaensieTcs onpefeneHuo ypoxanHOCTM U COAepkaHuIo
¢naBoHOMAOB. YPoXaiHOCTL ONpeaensnu B 4-X KpaTHOW NMOBTOPHOCTY, pa3Mep YYETHOW AENAHKU
0,66 M (1 noroHHbIN MeTp Npu Mexaypaabax 60 cm). Cymmy dnaBoHOMAOB onpeAensnyu CnekTpo-
toTomeTpuyeckum metogom (cnektpodporometp «Shimadsuy).

Y BbIGpaHHbIX ANA MCCNeAOBaHUS BUAOB ONTUMAnNbHLIM CPOKOM YOOpKM SBRseTcs
nepvop Havyana-MaccoBOro LIBETEHMS, KOTOPbIN B ycrnoBusx MockoBckon obnacTt npuxoautcs Ha
nocneaHIol Aekazy WIOHA — nepByto aekagdy uions. MakcumanbHas ypoxaniHocTb B cpefHeMm 3a 4
roga 6bina y MmoHapabl gyguarton (350442 r/m?), kKOTOBHMKa KpynHouBeTkoBoro (36340 r/m?) n 3mee-
ronoBHuka monaasckoro (44076 r/m?). cxopsa U3 cpeaHMX YeTbIPEXNETHUX 3HAYEHUI MaKCUManb-
Hoe copepxaHue hnaBoHOMAOB OTMEYEHO B Chipbe MATbI nepeyHoi (3,52%), a B 2017 n 2018 ropax
npeBbiwano 4%. Ha 1% Huxe u 4yTb Gonee Gbino copepxaHue dnaBoHoMAOB y Wwandes nekapcr-
BEHHOTO (2,62%), TMMbsiHA nonayyero (2,44%), Aywmubl 06bIKHOBEHHON (2,59 %). U3 14 nsyyaembix
KynbTyp y 7 cpeAHue 3HaueHusi Haxoaunuck B npepenax 2-3%.

HakonneHue ¢pnaBoHOMAOB B pacTeHMsAX U3 ceMencTBa FACHOTKOBbLIE BUZoCneLudmny-
HO My MHOTUX PacTeHMI CUILHO BapbupyeT no roaam. Tonbko nodaHT aHucoBkIn U3 14 xapakrepu-
30Barncs CTabunbHLIM copepxaHueM aBOHOMAOB, Ha YTO yKkasbiBaeT kO3uuMeHT Bapuaumm
Huxke 10%. 3meeronoBHUK MonJaBCKMA, MOHapAa AyAYaTasi, TAMbSIH 0ObIKHOBEHHbIW, TUMbSIH NON-
3yynid, pywuua obbIKHOBEHHas U Yabep capgoBbIi XapaKTepu3oBanuch CpeaHUM KoadduuneHTom
Bapuaumm.

NeKapCcTBEHHbIE PACTEHWsi, BTOPUYHbIE METaboNUTLI, NEKApCTBEHHOE Cbipbe, (hnaBoOHOUABI,
flcHoTKOBbLIE

The work evaluates 14 economically significant species from the Lamiaceae family.
The aim of the work is a comparative assessment of the species from Lamiaceae family by the
stability of the composition of raw materials depending on the year weather conditions, which
will allow predicting the raw materials quality for its use and processing.

The focus of the work is on determining the yield and flavonoid content. The yield
was determined in 4-fold repetition; the size of the plot was 0.66 m? (1 linear meter with 60 cm
row spacing). The sum of flavonoids was been determined by the spectrophotometric method
(«Shimadsu» spectrophotometer).

The optimal harvesting period for the study-selected species is the beginning of mass
flowering, which in the Moscow region falls on the last ten days of June - the first ten days of
July. The maximum yield on average over 4 years was in Monarda fistulosa (350242 g/m?),
Nepeta grandiflora (363£40 g/m?) and Dracocephalum moldavica (440£76 g/m?). Based on the
average four-year values, the maximum flavonoid content was noted in peppermint raw mate-
rials (3.52%), and in 2017 and 2018 it exceeded 4%. The flavonoid content was 1% and slightly
more lower in Salvia officinalis (2.62%), Thymus serpyllum (2.44%), and Origanum vulgare
(2.59%). The species 7 of the 14 studied had average values within 2-3%.

Flavonoid accumulation in plants of the Lamiaceae family is species-specific and
varies greatly from year to year. Only Agastache foeniculum has a stable flavonoid content, as
indicated by a variation coefficient below 10%. Dracocephalum moldavica, Monarda fistulosa,
Thymus vulgaris, Thymus serpyllum, Origanum vulgare, and Satureja hortensis were been
characterized by an average variation coefficient.

medicinal plants, secondary metabolites, medicinal raw materials, flavonoids, Lamiaceae
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NaBoHOWAbI ABMSATCA OOHOW M3 BaXHEWLWMX n Hanbo-

fiee MHOrOYUCINEHHOW TPynMnor NonMdEeHONbHbIX dap-
MaKOIOrM4ecK/ 3Ha4YMMbIX BTOPUYHbIX MeTabonutoB. B HacTos-
WA MOMEHT uaeHTuduumposaHo ©6onee 8000 coeauHeHwin
dnaBoHougHou npupoabl [1]. OHKM obnagatoT BICOKOW Guonoru-
YeCKOW aKTMBHOCTbIO M OKa3blBaOT LUMPOKUI CMEKTP OEWCTBUSA
Ha 4eroBeyveckuin opraHmam. OCOGEHHO LEHWUTCA aHTUMOKCU-
OaHTHbIN 9 deKT hriaBOHOMAOB, YTO AenaeT BaXHbIMU hapma-
LeBTUYECKUMN CyBCTaHUMAMN Ans NpounakTUKN Taknx cepb-
€3HbIX 3aboneBaHuI Kak pak, 6onesHb AnbureriMepa, aTepo-
CcKknepo3 u T. 4. [2]. PactutenbHble 3KCTpaKThbl, cogepaline
dnaBoHONAbl ABMSATCA LEHHbIM KOMMOHEHTOM B pPasfnyHbIX
HYTPULEBTUYECKUX, DapMaLEeBTUYECKUX, MEOULIMHCKUX U KOC-
METMYECKNX CPeAcCTB. OTO CBA3AHO C WMX aHTMOKCUMAAHTHbIMU,
NPOTMBOBOCMANUTENBHBIMW, AHTUMYTareHHbIMM 1 aHTUKaHLe-
poreHHbIMK cBorcTBamMu. OHU Takke JaBHO M3BECTHbI Kak MOLL-
Hble MHMMOUTOPbI HECKOMNbKUX (PEPMEHTOB, TaKMX Kak KCaHTu-
HoKcuAasa, LMKIOOKCcHUreHasa, nunokcureHasa n ¢oconHo3u-
M4 3-kmHasa [3,4]. Takke bnaBoHOMALI MOTYT NPOSABASATL Xerl-
YeroHHoe, ycrokausarLlee, cnasmonutuyeckoe gerncraue. Jiio
c coaBT. [5] coobwmnu, yto OarikanemH MoXeT MoAaBNSATb
pennukauuto Bupyca COVID-19 B kneTkax, MHIMOUpPYyst OCHOB-
Hyl0 MpoTeasy TSXKEeNoro OCTPOro pecnupaTopHOro CUHApoma
kopoHaBupyca 2 (SARS-CoV-2). ipyrve nccnegoBaHus ¢ noMo-
L0 PEHTreHOBCKOM BernkoBol KpucTannorpadum ganu cxoxme
pesynbTaTbl U NOATBEPANIN PEXMM CBS3bIBaHUS GaikanenHa c
3C-nogobHon npoteasonnt SARS-CoV-2 [6].

B pacteHuu npepfLlecTBEHHVMKOM OriaBOHOMOOB SBMSETCA
aMuHoKMcnoTa PeHUN anaHunH, U3 KOTOPOW NyTeM CTyneH4YaTbiX
depMeHTaTMBHbIX peakunin obpasytoTca dnaBoHouabl [7].
®naBoHOMAbl BbINOMHAT MHOXECTBO (DYHKLUA B pacTeHuU.
OHu moryT fgencrBoBaTth kak Y®-npoTtekTopsl [8], dmnToanekcu-
Hbl, CUTHanbHbIe MOIEKYIbl, PErynsTopbl pocTa, annenoxnuMmu-
Yeckue BellecTBa 1 AeToKkeuuumpyowme areHTsl [9], cTumynu-
poBaTb NpopacTaHue Crnop M CEMSH, a Takke OeACTBOBaTb Kak
aTTpakTaHTbl onbinutenein. ®naBoHOMAbI, TakMe Kak KBepLETHH
W PYTUH, MOTYT 3aliMLiaTb pacTUTEnbHble MeMBpaHbl OT OKMC-
nutensHoro ctpecca [10].

Ons MHOTMX BWOOB XapaKkTepHa BHYTPMBMAOBAA U3MEHYU-
BOCTb MO CoAepXaHuo (hNaBoOHOMAOB, @ TaKkKe UX PasfNYHbINA
cocTaB B 3aBUCUMMOCTM OT opraHa pacteHus [11,12].
HakonneHne makcumanbHOro Konmyectsa riaBoHONJOB CBA3a-
HO C onpegenédHon ¢ason pas3suTus pacteHus [13].
CopepxaHue hnaBoHOMAOB BO MHOTOM 3aBMCUT HE TOMbKO OT
HacneacTBeHHbIX dakTopoB [14], HO 1 abNOTUYECKUX YCIOBUNA,
TakMx Kak TemnepaTypa, BNaXxHOCTb BO3[yxa, 0CajKu, COCTaB
NnoyBbl, @ Takke OT reorpaduyeckmx ¢akTopoB, B 4aCTHOCTU
BbICOTbl Haj, YPOBHEM MOPS, LUMPOTHOCTU U CBSI3@HHbIM C HEW
CneKTparnbHbIM COCTaBOM CBETa, YMCIIOM COSHEYHbIX OHEN 1
WHTEHCMBHOCTM  ynbTpadwuonetoBoro cnektpa [15,16].
CeefeHus, Kacallmecs BMAUSHUSA MOYBEHHO-KNMMaTUYECKUX
YCNOBUI Ha HakonneHne hraBoHOMA0B MHOFOYUCIIEHHbI, HO HE
CMCTEMHbI. 3ayacTylo ykasblBalOTCsi MPOTUBOMONOXHbIE YCIO-
BMS, Kak crnocobcTBytowme 6uocuHTesy cdnasoHomaoB. B noa-
XOZie K U3y4YEeHUIO BMUSHWUSA MHTEHCMBHOCTU CBETa U KayecTBa Ha
OTOCMHTE3 1 HaKoMMeHne hnaBoOHOMOB B MMHKIo 6unobda [17]
O0GHapy>XeHo, YTO u3yyaeMoe pacTeHue HakannuBaeT naBo-
HOMAbI NPY HU3KOM ypoBHE Y®P-u3nydeHus. Su c coaBTopammu
[18] 3adbmkcmpoBanu, uYto Erigeron breviscarpus npyu CHUXEHUN
WHTEHCMBHOCTU CBETa CHWXaeT HakonneHne (naBoHOUAOB.
Bbicokasi HTEHCMBHOCTb CBeTa GnaronpuaTcTByeT BblpaboTke
ayKcuHa, KOTOPbI KOHTPOMMPYeT NpOLEeCC rMMKO3UNMPOBaHNSA

¢riaBoHONOOB B COOTBETCTBUM C MHTEHCMBHOCTLIO cBeTa [19].
OTHOCMTENbBHO HaKOMNMNEHNst PEHONBbHBIX COEAMHEHWU B NUTEpa-
Type BCTpevyaeTcs MHEHWe, Y4TO BO MHOIMMX CRy4asix OHU
SABMAKTCA peakumnen Ha ctpecc [20]. PasHuua no cogep’kaHuto
HEKOTOPbIX COEAMHEHUA B 3aBMCMMOCTM OT YCMOBWIA rofda B
O[HOM M TOM e pacTeHWM MOXeT MpeBbiaTtb ABa U Gonee
pasa. OueHka TakCOHOB MO CTabWnbHOCTW codepXXaHus Lene-
BbIX COEAVHEHWI B pasHble MO MOrOAHbIM YCIOBUSIM roabl U
BbISIBNIeHNe Havbornee npeackasyeMbix Mo 3TOMy napameTpy
BMAOB SBMSIETCA akTyanbHOW npobrnemolr nekapCTBEHHOrO
pacteHveBoactBa. COOTBETCTBEHHO AN NEKapCTBEHHbIX U
3a(hMpHOMACANYHBIX PaCTEHUIA BaXHO WMETb BO3MOXHOCTb
CNPOrHO3UpPOBaTh Ka4eCTBEHHbIE NMOKa3aTenu Cbipbsi B 3aBUCK-
MOCTM OT yKa3aHHbIX (DaKTOpOB M, NP HEOOXOAUMOCTM, CKOp-
pekTMpoBaTb WX CPOKOM YOOpku, 06paboTkon perynsitopamu
pocTta u T.A.

CemencTBo FACHOTKOBbIE, OOHO M3 CaMbIX MHOTOYUCIIEHHbIX
cpean ABYAONbHbIX pacTeHwuh, BKNovaeT 6onblioe 4ucno
XO3AWCTBEHHO 3HAYMMbIX BMAOB, KaK JEKApPCTBEHHbIX, TaK W
acmpHomMacnunyHelx. PnaBoHouabl B NpeacTaBUTENAX 3TOro
cemencTBa NpeAcTaBrieHbl Kak LUMPOKO pacrnpoCTPaHEHHbIMU
PYTMHOM, TMNEPO3VAOM, LIMHAPO3MAO0M, NHOTEONMHOM, KBepLie-
TMHOM, anuUreHWHOM 1 X NPomn3BoaHbIMY [21,22], Tak 1 cneum-
dryeckuMn CoefMHEHNSIMU Kak, HanpvumMep, G6arikaneuH n cky-
TENNAPUH y WeMHuka barikansckoro [23].

Takum obpasom uenbio paboTbl SBNSETCS CpaBHUTENbHASA
oLeHKa NpeacTaBuTenen ceMencTea SACHOTKOBbIE NO cTabunb-
HOCTU COCTaBa CbIpbsi B 3aBMCMMOCTM OT YCINOBWIA roga, 4To nos-
BOJUT MPOrHO3MPOBaTh KAa4YeCTBO CbIpbSl.

B Halmx onbiTax Bce pacTeHusi BblpallyMBany B O4HOW reo-
rpacmyeckort TOYKe, Ha OMbITHOM rnorne y4ebGHO-Hay4HO-Npo-
N3BOACTBEHHOIO LEHTpa CalOBOACTBA M OBOLLEBOACTBA MMEHU
B./. OpenbliteriHa 1, COOTBETCTBEHHO, B OAUHAKOBbLIX YCMO-
Busix. [MoyBa [OepHOBO-MoA30MMCTas, CpeaHecyrnmHucTas,
XOPOLLUO OCTPYKTYpeHHas ¢ rmyOuHOl naxoTHoro ropusoHTta 20-
22 cm. CopepxaHue rymyca — 2,9%, nogswpkHoro docdopa
P>0s5 — 240 wmr/kr, nogBwxHoro kanusa K,O -180 wmr/kr, pH 6,6.
YBopKy pacTeHui NpoBOAUINN, UCXOASI U3 CPOKOB HaCTYMMEHUS
TEXHUYECKOW CMenocTu, To eCTb HEOAHOBPEMEHHO U, COOTBET-
CTBEHHO, MpWU pasHbIX NOrogHeblx ycrnosusix. CnepoBaTenbHO,
3TOT (haKTop TOXE OKasbiBan BMUSHWE Ha cofepxaHue dapma-
KOIOTMYECKN 3HAYMMbIX COEAVHEHUN. YPOXaHOCTb onpeaens-
nn B 4-x KpaTHOM NMOBTOPHOCTU, pasmep y4E€THon aensiHku 0,66
M2 (1 MOrOHHBIN MeTp Npy Mexaypsabsx 60 cm). Cymmy dnaso-
HOMZOB oOnpeaensann CrnekTpooTOMETPUYECKAM METOAO0M
(cnektpodoTtomeTp «Shimadsu»). MNpuHUMN MeToda onpenene-
HMS CYMMapHOro cogepxaHus riaBoHONoB 1 riaBoOHOB OCHO-
BaH Ha 0Opa3oBaHMM KUCIOTOYCTOMYMBBIX KOMMIIEKCOB antoMu-
HuaA(lll) ¢ keto-rpynnot C-4 n/vnun C-3-, C-5-rmuapoKkcnnbHbIMN
rpynnamm ¢naBoHOB M (PNIaBOHONOB, MMEKLLMX MaKCUMYMbI
nornoLieHns B ananasoHe AnvH BonH 415-440 Hm. CtangapT —
pyTvH Tpurngpat 95%-i («Sigma»), CAS: 20767150-9 [24].
CraTnctuyeckas obpaboTka MonyYeHHbIX pe3ynbTaToB NpoBe-
OeHa ¢ ucnonb3oBaHuem nporpammbl Microsoft Excel.

Y BbIGPaHHbIX AN UCCNeaoBaHUS BUOOB ONTUMarbHbIM Cpo-
KOM YyBOpKM SAIBNSieTCS Nepuod Hayana-MacCcoBOro LBETEHMS,
KOTOpbIN B ycroBusix MoCKOBCKOW 06nacTu npuxoauTcst Ha
nocneaHiol Aekaay UoHs- NepByto Aekady utons. Ha pucyHke 1
npeacTaBrieHa ypoXXaHOCTb KynbTyp B rofbl UCCreAoBaHUM.
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Puc. 1. YpoxaliHocmb cbipbsi usy4aeMbix audoe 8 gha3y mexHu4veckol crnesocmu, 2/mM 2 (cpedHue 3Ha4eHuUs1 Mo 200am)
Fig. 1. Yield of raw materials of the studied species in the phase of technical maturity, g/m2 (average values by year)

Kak BuaHO Ha guarpamme, cbop cbipbs Y U3yvaeMblx KynbTyp
COOTBETCTBOBAN TakoBOoMYy Ans MOCKOBCKOM M Onmsnexalumx
obracTtei, HO ObIN 3HAYUTENbBHO HWXKE, YEM YKasblBaT ANA
FOXKHbIX PErvOHOB MPOMbILLIIEHHOMO BbIPALLUMBAHMS HEKOTOPbIX
13 Hux [25,26]. MnHMManbHas ypoxanHOCTb HabmnopaeTcs y
naBaHfbl, YTO CBA3AHO C TEM, YTO €€ CbIPbEM SIBMNSIOTCS TOSbKO
couBeTusi. MakcMmanbHasi ypoXxXaHOCTb B CpefHeM 3a 4 roga
6bina y moHapabl gyadaton (350142 r/m?), KOTOBHMKa KPYMHO-
uBeTkoBoro (363+40 r/m?) M 3MeeronoBHUKa MONAABCKOro
(440476 r/m?). Y HeKOTOpbIX BMOOB OTMEYEHbl 3HayuTernbHble
konebaHus ypoxarnHocTu no rogam. Npu aTom un3 puc. 1 BUAHO,
YTO YPOXaWHOCTb MHOTOMETHUKOB He BCerga yBenuyueanach ¢
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BO3PaCTOM pacTeHUsi, a B 3HAYUTENbHON CTErNeHn 3aBucena ot
noroAHbIX ycrnosui. B yactHocTn, 2017 rog 6bin KpUTUYHBIM ANng
OAHOMETHMX KyNbTyp, KOTOpble yAanocb MOCEesTb TOMbKO B
KoHUe Masi. COOTBETCTBEHHO MO34HEee MOSIBNIEHME BCXOOOB U
3aMerieHHbIN POCT NPUBENN K TOMY, YTO, BO-MEPBbIX, K COKpa-
LLleHV0 nepuoda OT roceBa A0 LBETEHUSI U COOTBETCTBEHHO
BpeMeHu hopMmUpOBaHMS BromMacchl, a BO-BTOPbIX YOOpKa npu-
XOAunacb Ha MeHee GraronpusATHbIA Nepuoa — Havaro-KoHel,
aBrycta. Y nodgaHta aHMCOBOro, BbIpaLLMBAEMOro B OOHOMET-
HeW KynbType 1 BbICAXXMBAEMOro Yepes paccagy, ypoXXaHOCTb
MeHsnack crnabo, 4To noaTBepxaaeT KoachdUUNEHT Bapuaumm
(pnc.2). C opyroi CTOPOHBI, ANSi MHOFOMETHUX KyNnbTyp XOnoa-

173 16,8

Puc. 2. Koagppuyuenm sapuayuu ypoxxaliHocmu usyyaeMbix Kysabmyp
Fig. 2. Coefficient of variation of crop yields of the studied crops
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HOe 1 BNaxHoe Hayano neta 6bino 4oCTaToYHO BraronpusTHO,
XOTS Y HEKOTOPbIX M3 HUX Habnoganock bonee nosgHee UBeTe-
Hye.

Mpy aHanu3e koahdrLmeHTa Bapnaumum (pPUCyHOK 2) Ansi Bcex
KynbTyp BbISIBIIEHO, YTO OH Haxogwncs B npegenax ot 5,6% y
TUMbsIHA NMMoOHHOro Ao 18,4% y yabepa cagoBOro U memnuccbl
nekapctBeHHoW. OpHako B GONbLUMHCTBE CryvyaeB He 3aBMCUMO
OT KynbTypbl OH YyknageiBancs B pguana3oH 11-18%.
BapbupoBaHue cumtaetcsa cnabbiv npu Cv < 10%, cpegHuMm - npu
Cv ot 11 o 25% u cunbHbIM - Npu Cv > 25%. Kak Mbl BUOUm un3
avarpammbl (puc.2) 3 Buaa umeloT cnaboe BapbMpoBaHWE, a
ocTarnbHble XapakTepr3oBanucb CUMbHLIM BapbUPOBaHNEM.

CnabbiM BapbMpOBaHMEM XapaKTepu3oBanuCb TUMbSH
NMMOHHBIN (5,6%), Wwanden nekapctBeHHbIN (9,3%) N KOTOBHUK
KpynHouBeTkoBblIV (9,6%).

B uernom npencraBuTenu cemencTBa SCHOTKOBbIE XapakTe-
pU3YOTCH BbICOKMM codepxaHvem nonvdeHonos [27], Ho dna-
BOHOMAbI cocTaBnsAlT oT 1/3 go 1/5 oT cyMMbl (PEHOSbHbIX
COEVHEHWIN. YUnTbIBasi, YTO CUMHTE3 OONbLUMHCTBA (heHOMNbHbIX
COEMHEHNI UAET MO LUMKMMATHOMY MyTW, PACXOXOEHWs y pas-
HbIX BUAOB B MOSb3y ONpeaenéHHbIX COEAUHEHNI HaYMHaETCs Ha
pasHbIX aTanax, KoTopble KOHTPONMPYIOTCA pasHbiMKU dhepMeHTa-
MU 1 TPeOYIOT pasnnyHbIX ycrosuii. PriaBoHOWMAbl €ANHCTBEHHAsA
rpynna, B CUHTE3e npeacTaBuTeneln KOTOpor y4acTByeT U LUMKKU-
MaTHbIA U MeBanoHaTHbIV NyTb. BepoaTHo, y 3hupHOMaCINYHbIX
pacTeHui NOET KOHKYPEHLIMSA 3a MPOAYKTbI TEpNeHOnaHoro obme-
Ha Mexay 3MpHbIMKU MacnaMmu u rnaBoHONAAMM, YTO B KOHEY-
HOM MTOre MPVBOAUT K OTHOCUTENBHO HEBBICOKOMY COAEPXKaHMIO
(hbnaBOHOMAOB B BbICOKOMACIMYHbIX PACTEHUSIX.

B Ttabnuue npencrtaBneHo cogepxaHve raBoOHOMOOB B
Cbipbe M3y4aeMbiX BUAOB B ha3e TexHM4eckom crenoctu. Kak
yXe 6bIno ynomsHyTo B 0030pe nuTepaTtypbl, (raBoHOWAbl B
SCHOTKOBBIX MPEACTaBMNEHbI B 3HA4YMTENBHON CTEMNEHN NPON3BOA-
HbIMW FOTEONMHA W anureHvHa, a Takke pPyTUHOM U KBEepUMTU-
HOM.

Mcxoast U3 cpefHvX YETbIPEXMETHUX 3HAYEHUIA MaKCcMarbHOe
cogepxaHune naBoHOMAO0B OTMEYEHO B ChIpbe MSTbl MEPEYHON
(3,52%), a B 2017 1 2018 rogax npeBbiwano 4%. Ha 1 % Hwke n

yyTb 0Oonee 6bINo coaepxaHue ¢naBoHOMAOB Y Landges
nekapcTBeHHOro (2,62%), TumbsaHa nonayyero (2,44%), gyl
06bIKHOBEHHO (2,59 %). V13 14 nsyvaembix kynbTyp y 7 cpefHune
3Ha4YeHus Haxoamnuck B npeaenax 2-3%. Mo gaHHbIM NuTepary-
pbl MX coAaepXaHue MOXET HaxoauTbcs B npegenax 2,5-3,5%
[28,29], uTO roBOpPUT O TOM, YTO B YcroBusx MockoBckon obnactu
MX 3HaAYEeHUs1 ABMSIOTCS OTHOCUTENIbHO BbLICOKUMW U COOTBET-
CTBYIOT NMOKa3aTessiM Cbipbs FOXKHOTO MPOUCXOXAEHUS UK npe-
BOCXOOAT MX. BeposATHO, 3TO CBA3AHO C TeM, YTO aKTMBHOE Obpa-
30BaHue naBoHOMA0B HabMNAaeTCss MIMEHHO NMPY MOHVKEHHbIX
Temnepatypax, B TO BPeMsi Kak MpW BbICOKOTEMMEPATYPHOM
cTpecce coaepaHue (praBOHOMAOB M3MEHSIETCS B MEHbLUEWN
CTEMNEHN 1 YaCcTO B CTOPOHY MOHWKEHMST 3HAYEHUIA.

Kak BuoHO 13 Tabnumupl 1, ycrioBus roga CyLLeCTBEHHO BNUSNMW
Ha cogepxaHve drnasoHongoB. Tak B 2015 rogy cogepkaHue
donaBoHOMAOB ObINO NOYTK B NonTopa pasa bonblle, yem B 2016
rogy (2,29 n 1,54% cooTBeTCTBEHHO). VIHTEPECHO OTMETUTb, YTO,
OTHOCSACb K (PEHONbHBIM COEAMHEHUSIM, (oNlaBOHOMABI HaKann-
BanMCb B MakCMMarbHbIX KonmyecTBax B cbipbe B 2015 rogy,
Korga cogepXaHme CyMMbl (PEeHOSIbHbIX COEAUMHEHWUA B LIENIOM
ObiNo 6nM3ko K cpegHemy 3HadeHuto. [loctaTtouHo 6Gornblune
3HayeHus y GonblunHeTBa BUagoB Obinm 1 B 2018 rogy. 310 Xopo-
IO BMOHO Ha puc.3.

Vcxoas u3 aHanmsa noslyYeHHbIX pesyrnbTaToB, MOXHO CKa-
3aTb, YTO ANS MaKCMMarbHOrO HakonmeHus prnaBoOHOMAOB U3Y-
YaeMblM 3MpPOHOCaM HeobXoAMMbl MOBbLILEHHbIE TeMMepaTy-
pbl, NOBbILLUEHHAA MHCONAUMS U HEOOMbLLIOE KONMYECTBO OCaAKOB
B nepuod, NpeaLwecTByloWwmnin yoopke, 4YTO ObINI0 OTMEYEHO B
2015 roay.

Ecnun npoaHanuanpoBaTb NosyyYeHHble pe3yrbTaThl MO rogam
Y OTAENbHbIX BUOOB pacTeHUI, TO BUAHO, Kakue 13 BUAOB Xapak-
Tepu3oBanucb HanbonbLue BapnabenbHOCTLIO MO COAEPXKaHUo
¢r1iaBOHONOOB.

Ha pucyHke 3 XOpoLuo BUAHO, Kakne BUAbl CUMbHO OTNMYal0T-
cs No cTabunbHOCTU copepXXaHus hNIaBOHOMAOB, YTO MOXHO
CBsi3aTb BMAOCNELMAUYHON peakumen Ha NorogHble yCrioBus Ha
MOMEHT cOopa.

K Hanbonee BapuabenbHbIM MO coaepXkaHuio oniaBoOHOMA0B

Ta6nuya 1. CodepxaHue ¢hriasoHoudoe 8 Chbipbe pacmeHull 8 ghazy mexHuveckol crnenocmu, %
Table 1. Content of flavonoids in plant raw materials at the stage of technical maturity, %

CopepxaHue hnaBoHouaoB B paly TeXxHU4Yeckom cnenoctu, %

Bupg CpeaHee
2015 2016 2017 2018 MHoOroneTHee

3HavyeHue

MsTa nepeyHas 4,49+0,08a 3,0410,04 4,68+0,05 1,8810,03 3,52 £1,32
Lllanden nekapcTBEeHHbIN 3,41+0,04 2,97+0,05 1,75£0,04 2,36+0,03 2,62 +0,72
Oywuua o6bIKHOBEHHasA 2,75+0,09 2,15+0,06 2,50+0,04 2,98+0,01 2,59 0,355
TuMbsAH nonsyyui 2,96+0,04 1,90£0,03 2,37+0,04 2,5410,04 2,44 +0,44
TUMbSH NMMOHHbI 3,1240,05 1,6310,05 1,750,04 2,16+0,04 2,17 +0,68
TUMbSAH OOGbIKHOBEHHbIN 2,830,06 1,64+0,05 2,260,04 2,34+0,04 2,27+ 0,49
Yabep capoBbii 2,68+0,08 2,05+0,05 2,550,04 2,2410,05 2,38+0,29
NodaHT aHUCOBBIN 2,50+0,05 2,03+0,04 2,17+0,04 2,44+0,05 2,29+0,22
MoHappaa ayauartas 2,04+0,05 1,4210,04 1,850,03 2,44+0,02 1,94 £ 0,423
Menucca nekapctBeHHas 1,14£0,03 0,82+0,05 1,55£0,03 1,95+0,02 1,37 £ 0,49
KoTOBHUK KpyNMHOLBETKOBbLIN 1,34+0,07 0,49+0,03 1,59+0,04 1,36+0,02 1,20 £ 0,48
Uccon nekapcTBeHHbIN 1,16+0,06 0,550,06 0,79+0,05 1,29+0,03 0,95+ 0,34
3MeeronoBHUK MOnAaBCKUN 0,950,05 0,56+0,05 0,82+0,05 0,93+0,03 0,82 +0,18
JlaBaHaa y3konucTHas 0,70+0,06 0,30+0,03 0,60+0,03 1,01£0,04 0,65 £ 0,29
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Fig. 3. Content of flavonoids in plant raw materials at the stage of technical maturity, %

BMAAM MOXHO OTHeCTU MSTy nepeynyto (1,88 n 4,49%) n wanden
nekapctBeHHbIi (1,07 n 2,21 %), y KOTOpPbIX pasHuLa Mexay
oTAenbHbIMU rogamun gocturana 2-x pas. K Hanbonee crabunb-
HbIM BMAAM MOXHO OTHECTM nodaHT aHucoBebln (2,03 n 2,44 %),
Yabep cagosblili (2,05 1 2,68 % ). BaprabenbHoOCTb B 3TOM Moka-
3aTene Mo rogamM XOopoLlo 3amMeTHa Mo CpedHMM 3HaYeHUsIM: OT
1,54% B 2016 rogy po 2,29% B 2015 rogy. Ho He Bce BUAbI UMEH-
HO B 3TV roAbl coaepkanv MUHMMarbHOe U MakcumaribHoe Konu-
YecTBO (praBoOHOMOOB, YTO OObBSACHAETCA BMAOCNELMPUYHOM
peakuuen Ha norogHble ycnosus. Ha puc. 4 nokasaH koadduum-
€HT Bapvauum 3TOro nokasartens Anst pasnmyHbIX BUOOB.

Kak nokasanu Hawu nccrnegoBaHus, Npu CUnbHOM Bo3aen-
CTBUU BHELLHUX YCIOBUI Ha HakonneHne dapmMakonorniyecku
3HaYMMbIX COEOUHEHWI, ¥ HEKOTOpbIX BMAOB Habnioganoch
[0BOJIbHO CTabunbHOe UX coaepXaHue, YTo NOATBepXKAaeTCs
HU3KMM KO3 uLMeHTOM Bapunauum (puc.4). To NULIHWIA pas3
nogyepknBaeT 3Ha4YMMOCTb FeHEeTUYECKUX aKTOPOB MNPuU CUH-
Te3e BeLLlecTB BTOpuMYHOro meTtabonuama. Ho aHanusmpys
6onbLLIoe YMCno BUOOB, MOXHO MPUIATK K BbIBOAY, YTO CyLle-
CTBYET onpefenéHHas TeHaeHuusa 1 y GonbLUMHCTBA Takco-
HOB [ANS HaKOMMNEHWUSI KaXOOW Trpynnbl COEAMHEHUN HYXHbI
onpeaenéHHble YCnoBusl, B YaCTHOCTM B OTNINYME OT 3PUPHO-

ro Macna HakonneHue naBoHOMAOB MOXET ObiTb Bbille Npu
MOHWXEHHbIX TemnepaTypax Ha (hoHe YyMepeHHbIX ocafkoB. K
OTHOCUTENbHO CTAbUNbHLIM BUAAaM MO cofdepkaHutio draBo-
HOMAOB MOXHO OTHECTW TONbKO fodaHT aHWUCOBbLIN
(Cv=9,69%). 3meeronoBHuk mongasckun (Cv=21,8%),
MoHapga pypdvatas (Cv=21,8%), TUMbSH OObLIKHOBEHHbIN
(Cv=21,5%), TuMbsiH nonay4uit (Cv=17,9%), oywmua oObIKHO-
BeHHasa (Cv=13,7%) n 4yabep cagosbin (Cv=12,1%) ocTanb-
Hble BWAbl XapaKTepu3oBanuCb BbICOKUM KO3(PHDULUEHTOM
Bapualumn, YTo roBOPUT O CUIbHOWM 3aBUCMMOCTU KayecTsBa
CbIpbsl OT MOTOAHBLIX YCIOBUA.

HakonneHne naBoHOMOOB B pacTeHUsIX M3 CeMelcTBa
AcHoTkoBbIE BMOOCMEUMMUYHO M Y MHOMMX PacTEHUA CUIbHO
BapbupyeT Mo rogam. Tonbko nogaHT aHNCoBbIV 13 14 xapakTepu-
30Barica CTabunbHbIM copepXaHueM hnaBoOHOMOOB, Ha YTO yKa-
3bIBaeT koadhpuLmeHT Bapuaumm Hke 10%. 3meeronoBHUK Mor-
[aBCKVI, MOHapda Ayadatasi, TUMbsiH OObIKHOBEHHbIA, TUMbSH
nonay4uii, gywna obbIKHOBEHHAsI 1 Yabep CaoBbI XapaKTepu-
30Banncb cpegHuM koadduumeHToMm Bapuauun. OcTanbHble
BMAbl XapaKTepU30Banuncb CUIbHON N3MEHUYMBOCTBIO COAEPKAHUS
(bnaBoHOMAOB B 3aBUCMMOCTM OT MOrOAHbLIX YCIIOBUIA.
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Puc. 4. Koagpgpuyuenm sapuayuu (Cv) codepxaHusi ¢priagoHoudos, %
Fig. 4. Variation coefficient (Vc) of flavonoid content, %
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Scutellaria baicalensis Georgi is a valuable medicinal plant, its raw material is roots. It is a |-;))ro-
tected s?ecies of the East Asian flora of the Russian Federation. The plant is included in 6 Red Data
Books of the Far East and Eastern Siberia. Works on introduction of Scutellaria baicalensis carried out in
many regions of the Russian Federation. At present, multifaceted biochemical studies of the flowering
shoot mass of Baikal skullcap are being carried out everywhere. ) )

of the investigation is study of some b_|9chem|ctharameters of flowering shoot mass of Baikal
skullcap by structure in different weather conditions in different years.

V 3 . The object of the study was the population of Baikal skullca@ from the biocollec-
tions of All-Russian Scientific Research Institute of Medicinal and Aromatic Plants (Central Region of the
Non-Chernozem belt). Studies were conducted in 2018 (optimal weather conditions) and 2020 (stresses
weather conditions). The biochemical composition of the shoot of Scutellaria baicalensis studied in the
Laboratory and Analytical Department of the FSBSI “Federal Scientific Vegetable Center” according to
the following parameters: dry matter, ascorbic acid, total content of water-soluble antioxidants and total
antioxidants in the alcoholic extract. The accumulation of these substances done in leaves located on the
upper, middle and lower levels of leaves, inflorescences and buds, stems. o

Dry matter content of Scutellaria baicalensis herb components did not differ significantly by
years. The maximum meaning of this indicator was in stems — 38.89-39.51 %, and the minimum - in inflo-
rescences — 21.07 %, regardless of the level of location on the shoot. The total content of water-soluble
antioxidants in the shoot mass under optimal ?recipitation was statistically significantly higher than this
factor under dry weather conditions by 1.5-2.7 times. In inflorescences and buds the content of water-sol-
uble antioxidants was lower than on average in leaves by 2.6-3.6 times. Ascorbic acid accumulation in
leaves of S. baicalensis in a weather-optimal year (2018) exceeded its content in a year (2020) with numer-
ous extremely changes in precipitation and air tgmﬁerature during the growing season by 1.5 times, The
total antioxidant content in the alcoholic extract in the shoot mass in the year with significant fluctuations
in weather conditions (2020) was significantly higher than that in the year with stable weather conditions
{2018). In both years of the study, the maximum value the total content of antioxidants observed in the
leaves. In a weather-o?timal year, these were the leaves of the lower level (77.52 mg-eq GAlagjd.w.), and
|(|;1 Aal ygar \;IIth extremely flucfuations in weather parameters (2020), these were upper level (83.05 mg-eq

g d.w.).

Baikal skullcap, flowering shoot, desiccation coefficient, dry matter, ascorbic acid, water-soluble antiox-
idants, total antioxidants content in alcohol extract

Lnemnuk 6ankanbckuin Scutellaria baicalensis Georgi — LeHHOe nekapcTBEHHOe pacTeHue, Cbipb-
éM ero AIBNAKTCA KOPHW. JTO OXpaHAeMbl BMA BOCTOuYHO-a3vaTckoW ¢pnopbl P®. PacteHne
BKITloYeHO B 6 KpacHbix kHur pernoHoB [lanbHero Boctoka n BoctouHou Cubupun. Pabotbl no
uHTpomykuumn Scutellaria baicalensis BegyTcsa Bo MHorux permoHax P®. B HacToswee Bpems
NOBCeMeCTHO NPOBOASTCS MHOrONMaHOBble GUOXUMMYECKMEe MCCrefoBaHUsA LiBETYLLEN Hag3eM-
HOM 4acTu LWNIeMHUKA GalikanbCKoro.
— U3yYeHne HeKOTOpbIX BUOXUMMYECKUX MOKa3aTenen LBETyLed Haf3eMHON
Macchbl LWeMHUKa GaiiKkasibCKoro No CTPYKType B pasHble N0 NOrOAHbLIM YCIIOBUSIM FroAbl.
OOBLEKT MCCNeRoBaHMSA — MONYNALMA LWNEMHUKA 6aikanbCcKoro Gmokon-
nekuun ®I'6HY BUNAP (LleHTpanbHbii paitoH HevepHo3emHoli 30HbI P®). ccnegoBaHus npoBo-
aunn B 2018 r. %onmmanbuble norogHble ycnosus) u 2020 r. (He6naronpusiTHbIE NOroAHbIe ycro-
BUsA). AHanu3 GMOXMMMYECKOro COCTaBa NPOBEAEH MO MoKasaTenAM: KO3dhhULIMEHT yCyLIKK,
copepXaHue Cyxoro BelyecTBa, ackopGUHOBOM KUCNOTLI, CyMMapHoe cofepxaHue BoAopacTBo-
PUMbIX aHTUOKCMAAHTOB U aHTUOKCUAAHTOB B CMMPTOBOM 3KCTpakTe. M3yyanu HakonneHue aTux
BELLECTB B JIMCTbSAX, PACMNONIOXKEHHbLIX HA BEPXHEM, CPpeJHEM U HUXKHEM sipyce nobera, CoLBETUAX
n ByToHax, cTebnsx.
CopepixaHue cyxoro BellecTBa B KOMNOHeHTax TpaBbl Scutellaria baicalensis cyuie-
CTBEHHO NO rogam He pasnuyanocb. MakcumanbHOe 3Ha4eHWe ITOro nokasarens O6bino B CTeONAX
- 38,89-39,51 %, a HaumeHbLuee — B couBeTusix 21,07-23,75 %. CymmapHoe copepxaHue Bogopa-
CTBOPUMbIX aHTUOKCMAAHTOB B HaA3eMHOM Macce Npu onTUMarnbHOM KONUYeCcTBE 0CafKOB CTaTH-
CTMYECKM JOCTOBEPHO NPEBbLILLANIO 3TOT NOKa3aTeNb NPy 3acyLUNIMBbLIX NOroAHbIX YCNoBusx B 1,5-
2,7 pasa. B couBeTusix n 6yToHax coaepxaHme BOAOPAcTBOPUMbIX aHTUOKCUAAHTOB ObINO HUXe,
YyeM B cpegHeM B NUCTbAX B 2,6 — 3,6 pa3a. HakonneHne acKOpOMHOBOW KUCMOThI B NIUCTLAX S.
baicalensis B onTuManbHbIN Mo NOroAgHbIM ycnosusm rog (2018 roa) npeBbiwano eé cogepkaHue
B rofi C MHOTOYMCIEHHLIMUA PE3KUMU NepenagaMu 0CcagKkoB U TemnepaTtypbl BO3ayxa B TeYeHue
BereTauuoHHoro ce3oHa (2020 rog) B 1,5 pasa. CymmapHoe cogepikaHue aHTMOKCUOAHTOB B CMp-
TOBOM 3KCTpaKTe B HaA3eMHON Macce B Fof, CO 3HAYMTENbHLIMM KoneGaHUsMU NOroAHbIX YCIo-
BMI JOCTOBEPHO NPEBLILIANO 3TOT NoKa3aTerb B rof Co CTabunbHbIMM NOroAHLIMUA YCIOBUSIMMU.
Mo 0boum rogam uccnegoBaHMs €ro MakcUManbHOe 3Ha4YeHUe 0TMeYeHO B NUCTbAX. B ontumanb-
HbIV N0 NOrOAHbLIM YCIIOBUSAM rof 3T0 ObInv NUCTLA HIWKHero Apyca (77,52 mr-ake ['K/r cyx. macc),
a B rofi ¢ pe3k1Mu konedaHusiM1 NoroAHbIX napameTpoB — BepxHero (83,05 mr-ake 'K/ cyx. macc.).
WEeMHUK GaikanbCKWiA, LBETYLLaA HaA3eMHas YacTb, CyXoe BelecTBO, KOI(YGULIMEHT yCyLIKY,
ackopOMHOBas KMcrnoTa, BOAOPacTBOPMMbIe aHTMOKCMAAHTbI, aHTMOKCUAAHTLI B CMIUPTOBOM 3KC-
TpakTe.


https://crossmark.crossref.org/dialog/?doi=10.18619/2072-9146-2025-3-61-69&domain=pdf&date_stamp=2025-07-07

Introduction

cutellaria baicalensis Georgi is a plant of the family

Lamiaceae Martinov (Labiatae Juss.) [1]. Scutellaria
baicalensis first described in 1775 [2]. Medicinal properties of
extracts from its roots noted in the canons of Chinese and Tibetan
medicine [3]. Due to its antioxidant, antiviral, antibacterial, anti-
inflammatory, anti-allergic properties, the Baikal skullcap
(Scutellaria baicalensis) is a subject of intensive study. It is includ-
ed in the Pharmacopoeia of China [4]. It was shown that prepara-
tions from root and shoot parts of Baikal skullcap have a pro-
nounced antiradical activity, lipid peroxidation is inhibited [5].

The history of the study of flavonoids of Scutellaria baicalensis
began in 1923, when Shibata et al. isolated and characterised
baicalin from its roots [6]. In the study conducted by Malikov,
Yuldashev [7], more than 200 compounds of phenolic nature were
isolated and identified from plants of the genus Scutellaria. Of
these, 125 compounds of this class founded in Scutellaria baicalen-
sis [8]. Flavonoids and their glycosides thought to be distinctive ele-
ments of Scutellaria baicalensis roots, among the more than 40
compounds that have been identified so far [9; 10]. Korean scien-
tists have isolated 4 different compositions of polyphenols from
flowers, leaves, stems and roots of S. baicalensis. 46 components
were characterized, 7 of which were identified for the first time. This
group of researchers showed that the antioxidant activity of
polyphenolic compounds from roots was the highest, followed by
polyphenols from leaves, flowers and stems [11].

Currently, researchers are studying the biochemical parameters
of the shoot and root parts of S. baicalensis in a multifaceted way not
only in the conditions of their natural growth (Eastern Transbaikalia
and Priamurye) [8, 12]. This medicinal plant is widely distributed in
China, Russia, Mongolia, North Korea and Japan [13]. Thus, the eco-
logical plasticity of the species can assumed [14]. This study [15]
presents a comprehensive review of literature data obtained on the
roots of S. baicalensis. Recently, the interest of researchers directed
to the study of the shoot part of the plant [8; 12].

Antioxidants are compounds that prevent undesirable oxidation
processes of vital compounds and form a complex multicomponent
system of high and low molecular weight compounds [16; 17].
Nonenzymatic components of antioxidant defence include polyphe-
nols, carotenoids, tocopherols, ascorbate glutathione [18].
Antioxidants can act by destroying the radical reaction chain, trap-
ping free radicals that initiate radical reactions [19]. Antioxidant
flavonoids founded in the chloroplast, which suggests a role as
scavengers of singlet oxygen and stabilizers of the chloroplast outer
envelope membrane. Antioxidant flavonoids may effectively control
key steps of cell growth and differentiation, thus acting regulating
the development of the whole plant and individual organs [20]. The
content of organic acids (caffeic acid, ferulic acid, etc.), in the shoot
part of S. baicalensis was studied [8].

However, we found no data on ascorbic acid (AA) content in S.
baicalensis herb in the available literature. Ascorbic acid is an abun-
dant component of plants. It reaches a concentration of over 20 mM
in chloroplasts and occurs in all cell compartments, including the
cell wall. It has proposed functions in photosynthesis as an enzyme
cofactor (including synthesis of ethylene, gibberellins and antho-
cyanins) and in control of cell growth [21].

Ascorbic acid (AA) is not only an important antioxidant but also
appears to link flowering time, senescence, programmed cell death
and response to pathogens through a complex signal transduction
network [22]. The biosynthesis and metabolism of this compound
studied in suspension culture of S. baicalensis [23]. It recommend-
ed intake of AA for adults is 70-80 mg/day. The proportion of the
Russian population with AA deficiency is 70-98% [24].

Dry matter determination carried out for many crops (fodder,
fruit, etc.) [25]. The influence of the content of dry matter on the
processes of growth, development and yield of large-tonnage crops
(soybean, maize) has been shown [26; 27].

S. baicalensis herb is the medicinal raw material of Baikal skull-
cap, according to FS 42-453-92. However, it is necessary to take
into account the fact that this plant is included in 6 regional Red
Data Books of the Russian Federation. All of them note its value
as a source of medicinal plant raw materials [28]. When harvest-
ing aerial part, the entire plant destroyed, so industrial harvesting
of raw materials is problematic in the regions where it grows.
Currently, researchers are actively analyzing other possibilities of
obtaining biologically active substances of Baikal skullcap. One of
the possibilities is to obtain suspension culture [29]. Another
option is to use the flowering shoot mass of Baikal skullcap plants,
both together with the roots and instead of the shoot part [30, 31].

The aim of our research was to study the content of some bio-
logically active substances in S. baicalensis herb grown in the
Central region of the Non-Chernozem belt of Russia. Objectives of
the study: to determine the desiccation coefficient, the content of
dry matter, AA, water-soluble antioxidants and antioxidants in the
alcoholic extract in S. baicalensis herb and its constituents.

Material and Methods

The research carried out using bio-objects of the Unique
Scientific Unit “Biocollection of FSBSI of All-Russian Scientific
Research Institute of Medicinal and Aromatic Plants”. The material
for the study was the shoot of S. baicalensis, located in the biocol-
lection of the botanical garden: Moscow: 55.57°N, 37.55°E.
Planting material obtained from Chita region in 2008. Plants locat-
ed on the territory with illumination of 80—88 thousand Ix. Row spac-
ing width was 0.3 m. (Fig. 1).

The experiments carried out in 2017-2020, of which the chemi-
cal composition of the raw material analyzed in 2018 and 2020 —
years with contrasting weather conditions. We analyzed the weath-
er conditions of the growing season by parameters: precipitation
and the sum of active temperatures (SAT) above +5 °C.

The growing season of 2020 was characterised by an
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Puc. 1. O6wutli eud pacmeHul wieMHuKka 6alikaribCKo20
(S. baicalensis Georgi). ®omozpaduro npedocmaeusn 3agedyro-
wuli 6omaHuveckum cadom ®IrbHY BUJTIAP A.H. uuyunuH
Fig. 1. General view of plants of Baikal skullcap
(S. baicalensis Georgi). Photo provided by A.N. Tsitsilin,
Head of the Botanical Garden, FSBSI VILAR



extreme phenomenon: from the middle to the end of February,
the average daily air temperature was positive. At the same
time, negative temperatures observed in all ten-day periods of
March and April. Precipitation and SAT fluctuated dramatically
during the 2020 growing season. In general, the parameters of
air temperature and precipitation in 2020 can be characterised
as extremely uneven [32]. While in 2018 (as well as in 2017 and
2019) the beginning of vegetation of the plant was observed at
the end of May, in 2020 in the beginning of May. In general,
weather conditions in 2018 can characterized as typical for the
region, while 2020 had differences in duration of phenological
phases [33]. The values of mean temperature and relative
humidity during the vegetation period presented in Table 1 and
duration of phenological intervals, precipitation, SAT presented
in Table 2.

The soil of the site is heavy loamy with content (on absolute
dry matter): humus 4.31%, hydrolytic acidity 1.08 mg-eq. /100 g,
total nitrogen 0.068-0.072 %, P20s5 — 0.1%, KO — 2.9-3.5%,
AlbO3 — 15.0 %, Na;O — 1.4%, exchangeable MgO - 100.0
mg/kg, exchangeable Ca — 25.9 g/kg, pHKkq 5.5.

The shoot cut at the phenological phase of mass flowering.
The study of the shoot of S. baicalensis plants from 5 natural
cenopopulations showed that the highest content of biologically
active substances in the shoot of plants was observed in the
flowering phase [12]. The phase of mass flowering was deter-
mined according to the “Methods of research in the introduction
of medicinal and essential oil plants” [34]. The leaves of the

upper level obtained from 3-4 metamers and above, the middle
level between 7-8 and 3-4 metamers, the lower — from 7-8
metamers and lower. The repetition was 20-fold.

The effects of the growing phase differed between years, and
influenced by climatic conditions [35]. The species is adapted to
conditions of unstable, even arid water regime. S. baicalensis
occupies open forest-steppe and steppe areas and closely relat-
ed to nitelistnik steppes; by ecology, it belongs to the group of
cryomesoxerophytes [33].

Some biochemical parameters of S. baicalensis shoot studied
in the Laboratory and Analytical Department of FSBSI “Federal
Scientific Vegetable Center”. The shoot by structure (leaves of
upper, middle and lower shoot levels, stems, inflorescences) for
AA content and total content of water-soluble antioxidants by
visual titration method analyzed in fresh form on the day of har-
vesting. The total content of water-soluble antioxidants was
determined according to the method [36]. The standard was AA.
The content of AA was determined according to the method of
Sapozhnikova and Dorofeeva [37]. Dry matter content deter-
mined by gravimetric method. Samples dried in a LabTech des-
iccator (DaihanLabTechCo, LTD) at 70 °C to constant weight.
The change in the mass of plant material was determined by
weighing on analytical scales [38].

The content of the sum of antioxidants in the alcoholic extract
determined by the titrimetric method [19]. The standard is gallic
acid [39]. The ratio of raw materials and extractant was 1:30.
Repetition of all analyses was 5-fold. The desiccation coefficient

Table 1. Monthly temperature and precipitation in 2018 and 2020
Tabnuya 1. Temnepamypa u ocadku e 2018 u 2020 22. no mecsiyam

Temperature (°C)

Precipitation (mm)

Month
2018 2020 2018 2020
February -9.6 -21 59.5 21.6
March -75 38.0 36.8
April 5.7 59.6 58.1
May 14.0 11.2 51.5 100.4
June 15.2 17.8 35.1 124.6
July 20.8 17.9 89.8 88.5
August 17.0 16.1 23.8 81.0
September 1.7 12.6 57.9 82.3
October 6.7 36.8 38.6
Table 2. Duration of phenological intervals (day), amount of precipitation (mm) and SAT (° C)
Tabnuya 2. QnumenbHocmb (heHOI02UYECKUX UHMeP8asioe (cymku), konuyecmeo ocadkoe (Mm) u CAT (° C)
Years
Phenological
intervals
2017 2018 2019 2020
spring gr_owth - 42 43 49
e 617.9/ 1185 432.0/39.3 534.3/79.5 425.0/215.9
_ budding- L 2 7
Iz i) i (e e 750.8 / 26.1 555.9/31.8 633.8/37.5 510,7/0.7
beginning of flowering — 2 &l .
e Ueitiatl| 1041.8/40.4 843.6/51.8 855.8/51.1 613.7/3.4

Note. In the numerator duration of phenological intervals; in the denominator SAT / precipitation amount.



of the herb structure depending on the year of research was also
determined [34]. The repetition was 20-fold.

Data analyzed for both years to establish normality of the
samples according to the State Standard R ISO 5479-2002
[40]. Non-parametric criteria analysis performed for pooled
data on water-soluble antioxidant and antioxidant content in
alcoholic extract by years separately. The one-sample
Kolmogorov-Smirnov criterion used to test for normal distribu-
tion in the raw data material “Herba”. The normality test analy-
sis on the distribution of the content sum water-soluble antiox-
idants and antioxidants in the alcoholic extract of S. baicalen-
sis for each of the organs of the plant in the raw material
“Herba” analyzed using Kruskal — Wallis test and Jonckheer-
Terpstra ordered alternatives criterion. The choice of criterion
was based on the fact that Kruskal-Wallis test and other non-
parametric (or distribution free) tests are useful for testing
hypotheses when the assumption of normality of the data is not
met. They make no assumptions about the shape of the data
distributions, which makes them particularly useful when the
dataset is small [41].

According to the result of testing for normality of distribution
in the structure of the raw material “Herba”, criteria for independ-
ent samples were applied, where the null hypothesis was the
assumption that the distribution is the same for the categories of
data on the content of the sum of water-soluble antioxidants and
antioxidants in the alcoholic extract for each element in the
structure of the raw material “Herba”.

We studied the correlations between the contents of the sum of
water-soluble antioxidants and antioxidants in alcoholic extract in
2018 and 2020. The data obtained in 2018 and in 2020 considered
as different parts of the statistical population due to significantly dif-
ferent weather conditions. Data on raw material “Herba” in general
and on the structure of the raw material “Herba” considered.
Spearman correlation coefficient chosen as a measure of conjugate
variability of traits. It is less sensitive to the parameters of continu-
ous distributions.

Correlation plots by years of experiment to visualize the correla-
tion relationship between the data of the content of the sum of
water-soluble antioxidants and antioxidants in the alcoholic extract
in the raw material and its elements constructed.

The data were processed using analysis of variance. The sepa-
ration of mean done using Duncan's multiple range test (DMRT)
considering a probability level of 0.05. It is the test for measuring
specific differences between pairs of averages [42]. IBM SPSS
Statistics software version 27 used.

In the process of the study, we revealed regularities in the distri-
bution of dry matter content and desiccation coefficient by years
and in the structure of S. baicalensis herb (Tables 3, 4).

In 2020, intensive precipitation at the end of May and in
June, i.e. during stemming — beginning of budding caused a
high moisture content in leaves, inflorescences+buds. In 2018
precipitation from the beginning of vegetation to herb harvest

Table 3. Dry matter content in the shoot of S. baicalensis, (%)
Tabnuya 3. CodepxaHue cyxo20 eeujecmea 8 Had3eMHbIx op2aHax S. baicalensis, (%)

Plant part 2018 2020
Inflorescences+buds 23.75+0.33 ¢ 21.07+0.13 ¢
Cv, % 18
Leaves, upper level 32.81+0.24 b 28.31£0.84 ¢
Cv, % 6.0
Leaves, middle level 33.2810.18 b 27.09+0.20 ¢
Cv, % 1.5
Leaves, lower level 30.73+0.89 b 26.70+0.51 ¢
Cv, % 3.8
Stems 39.51+0.18 a 38.89+0.15 a
Cv, % 0.8

lMpumeyaHue. 3Ha4yeHusi ¢ 00UHaKo8bIMU ByKeaMu cmamucmu4ecku He pasnudaromcs coenacHo mecmy [yHkaHa npu p< 0,05.
Note. Values with the same letters are not statistically different according to Duncan's test at p<0.05.

Table 4. Determination of desiccation coefficient of S. baicalensis herb by structure, 2018-2020
Tabnuya 4. OnpedeneHue koaghghuyuenma ycywku mpassi S. baicalensis no cmpykmype, 2018-2020 200b1

Harvest year Inflorescences + buds

2018 2.1+0.1d
2020 48+0.2 a
Average 3.510.2

Stems Leaves
2.240.1d 2.5:0.1¢
2.4+0.2 cd 3.1+0.1b

2.310.2 2.80.1

lMpumeyaHue. 3Ha4yeHus1 ¢ 00UHaKo8bIMU ByK8aMu cmamucmu4ecku He pasnudaromcsi coenacHo mecmy [yHkaHa npu p< 0,05.
Note. Values with the same letters are not statistically different according to Duncan's test at p<0.05.



was uniform and the desiccation coefficient of the most
watered parts of herb was significantly lower (Table 4). The
desiccation coefficient of stems and their dry matter content did
not change significantly by years. The initial low water content
in stems and, accordingly, high dry matter content prevail over
the influence of weather conditions in the years of the experi-
ment. However, in terms of the effect of weather factors on
other parts of the herb, it was shown for inflorescences+buds
that dry matter accumulation did not differ significantly between
years, but the desiccation coefficient in 2018 was lower by a fac-
tor of 2.3 compared to 2020.

Dry matter accumulation in inflorescences was minimal com-
pared to other herb components. The dry matter content in leaf
mass (regardless of level) was slightly higher. The leaves analyzed
in 2018 had significantly more dry matter than in 2020 (1.2 times on
average across all levels). As a result, it can assumed that the con-
trol of dry matter content in the shoot of S. baicalensis occurs at the
genetic level, whereas the desiccation coefficient is more variable
and dependent on the conditions of a particular growing season.
Our data on the drying coefficient in S. baicalensis herb are some-
what higher than in the work of G.V. Chudnovskaya [43]. This is due
to the difference in the hydrothermal coefficient in the Central region
of the Non-Chermozem zone (1.50-1.54) compared to Eastern
Transbaikalia (1.22-1.26; extremely continental climate, insufficient
precipitation) [44, 45].

Water-soluble antioxidants are glycosides of phenolic com-
pounds, polysaccharides and monosaccharides, organic acids and
other water-soluble substances [19]. It was noted that the total con-
tent of water-soluble antioxidants in the shoots in 2018 was statisti-
cally significantly higher than in 2020 except for the inflorescences
and buds (Table 5). It was shown that the total content of water-sol-
uble antioxidants in the shoot mass of S. baicalensis in 2018 was
statistically significantly higher than that in 2020, except for inflores-
cences and buds.

Low duration and precipitation during phenological interval “bud-
ding — beginning of flowering” in 2020 (Table 5) resulted in drought
conditions. The ecological plasticity of S. baicalensis does not indi-
cate that under drought conditions the accumulation of biologically
active substances will be the same as under conditions of optimal
moisture. Lack of moisture in 2020 reduced the content of the stud-
ied substances, represented, among others, by glycosides.

In the leaves of the upper and middle levels, the increase in
water-soluble antioxidants in 2018 compared to 2020 averaged 1.6

times, in stems 2.8 times. In 2018, a significantly higher content of
water-soluble antioxidants observed in the leaves of the upper and
middle levels compared to the leaves of the lower level (1.5 times).
In inflorescences and buds the content of water-soluble antioxi-
dants was significantly lower than on average in leaves. The
decrease was by years: in 2018 — 3.0 times, in 2020 — 2.3 times.
The total content of water-soluble antioxidants under the conditions
of favorable 2018 exceeded this parameter in the drought period of
2020 by 1.5 times in the leaves of the middle level and by 2 times
in the leaves of the upper level and in the stem. The sum of antiox-
idants in inflorescences and lower level leaves was comparable in
both years of the study.

The minimum accumulation of these substances detected in
both years in stems, where cellulose predominates.

The coefficient of variation in the total content of water-soluble
antioxidants in inflorescences and buds, stems, leaves of the lower
and upper levels was higher in 2018 than in 2020. The variability of
this indicator in 2018 in inflorescences, middle level leaves and
stems was insignificant, in upper level leaves medium.

A different pattern of variability of water-soluble antioxidants in
the herb structure observed in 2020: low in the leaves of the lower
part of the shoot and stems; average in the leaves of the upper and
middle levels. Especially noteworthy is the significant variability in
the leaves of the lower level in 2018 and average in the leaves of
the middle and upper levels in 2020.

Although the cross-supronate arrangement of leaves of plants of
the Lamiaceae family provides all leaf plates with optimal insolation,
in an herbage the illumination of leaves of the lower level may vary
greatly. Therefore, the accumulation of BAS will also vary. Thus, the
content of water-soluble antioxidants in leaves of S. baicalensis
with reduced/different illumination varies more strongly than in
leaves with stable illumination. In 2020, the plants were under less
favourable weather conditions and the coefficient of variation of
accumulation of water-soluble antioxidants in the studied organs
had a smaller amplitude of variability than in 2018.

The composition of water-soluble antioxidants includes AA. Its
content in the shoot mass of S. baicalensis varied depending on the
plant part (Table 6). The content of AA in the leaf part of the herb is
associated with the participation of this compound in photosynthe-
sis and respiration.

The highest concentration of AA in 2018 was found in inflores-
cences+buds, it was significantly higher than in leaves of the three
levels on average 2.7 times and in stems 5.4 times. The level of AA

Table 5. Total content of water-soluble antioxidants (mg AAE/g f. w.) in inflorescences,
leaves of different levels and stems of S. baicalensis, 2018, 2020
Tabnuya 5. CymmapHoe codepxxaHue eodopacmeopumbix aHmuokcudaHmoe (M2-3ke AK /2 cbipoli Macchl)
8 coyeemusix, IUCMbSX Pa3HbIX Apycoe u cmebnsx S. baicalensis, 2018, 2020 200b1

Plant part 2018 2020
Inflorescences+buds 4220135 e 35.860.66 e
Cv, % 37
Leaves, upper level 152.63+11.84 a 74.5545.22 d
Cv, % 15.5 14.0
Leaves, middle level 128.97+4.32 b 82.66+5.67 cd
Cv, % 13.7
Leaves, lower level 93.77+16.64 ¢ 93.30+2.95 ¢
Cv, % 8515 6.3
Stems 29.76 +1.48 f 10.83£0.49 g
Cv, % 10.0 9.1

lpumeyaHue. 3Ha4yeHus1 ¢ 00UHaKo8bIMU ByKeaMu cmamucmu4yecku He pasnudaromcsi coenacHo mecmy [yHkaHa npu p< 0,05.
Note. Values with the same letters are not statistically different according to Duncan's test at p<0.05.



Table 6. Ascorbic acid content in inflorescences, stems and leaves of different levels of S. baicalensis, mg% (fresh weight)
Tabnuya 6. CodepxaHue ackop6uHosoll Kucsiomsbl 8 coysemusix, cmebsix u nUCMbsX pasHbIx sipycos S. baicalensis, M2% (Ha cbipyto Maccy)

Plant part 2018 2020
Inflorescences+buds 38.13+2.12 a 9.68+0.88 d
Cv, % 9.6 18.2
Leaves, upper level 12.32+1.6 ¢ 9.90+0.66 d
Cv, % 1.5 13.3
Leaves, middle level 15.84+1.3 b 9.4610.42 d
Cv, % 1.0 8.9
Leaves, lower level 14.08+2.3 bc 8.58+0.22 d
Cv, % 1.1 5.1
Stems 7.04£0.6 e 5.94+0.42 f
Cv, % 1.6 14.2

lMpumeyaHue. 3Ha4yeHusi ¢ 00UHaKo8bIMU ByKeaMu cmamucmuyecku He pasnudaromcs coenacHo mecmy [yHkaHa npu p< 0,05.
Note. Values with the same letters are not statistically different according to Duncan's test at p<0.05.

increases more at the beginning of flower differentiation. It has
shown that treatment of plants with AA increased the number of
male and female flowers, as well as accelerated ovary formation
and reduced ovary drop [46].

In 2018 and 2020 no significant changes in the AA content in
leaves by levels were observed.

In general, the accumulation of AA in leaves of S. baicalensis in
2018 exceeded its content in 2020 by 1.5 times. The minimum AA
content in both years of the experiment was observed in stems. In
comparison with the rest of the herb (inflorescences+buds, leaves),
on average, the accumulation of AA in stems in 2018 was lower by
3.7 times, and in 2020 by 1.6 times. The coefficient of variation for
AA content across the whole structure of S. baicalensis herb in
2018 was insignificant. In 2020, the variability was the same in the
leaves of the middle and lower levels. Inflorescences, upper level
leaves and stems characterized by variability of medium degree.

The data obtained by us on the distribution of AA in the organs
of the shoot confirm the previously revealed regularity, that AA
accumulated into phloem and transported to root tips, shoots, and
floral organs [47]. Our data show the influence of weather condi-
tions on this pattern.

Comparing the accumulation of AA in herb S. baicalensis by
years with its presence in vegetables, we can note a low amount of
this vitamin. On average in 2018, its content is closer to that in

tomato fruits, garlic bulbs, onion leaves. In 2020, its content is
approximately the same as in courgette fruit and celery root [46].

The antioxidants in the alcoholic extract include
carotenoids, chlorophylls, gallic acid derivatives, aglycones of
flavonoids and triterpene compounds, essential oil compo-
nents and others. The total content of these compounds in the
shoot mass in 2020 was statistically significantly (1.3 times)
higher than in 2018 (Table 7).

Thus, we see a different pattern comparing the content of water-
soluble antioxidants by year. In 2018, the maximum accumulation
of antioxidants in the alcohol extract founded in the leaves of the
lower level. It exceeded the content of these substances in the
leaves of the middle and upper part of the shoot by an average of
12.8%. In 2020, the highest concentration of antioxidants in the
alcoholic extract detected in the leaves of the upper level, which
exceeded their concentration in the leaves of the middle and lower
levels by an average of 20.6 %. Also in 2020, S. baicalensis inflo-
rescences+buds accumulated 16.7 % more antioxidants in the
alcoholic extract than in 2018. Inflorescences+buds contained sig-
nificantly less antioxidants in the alcoholic extract in 2018 (by 33.1
% on average) than in leaves of all levels. In 2020, these sub-
stances in inflorescences+buds were as much as in the leaves of
the lower and middle levels and less than in the leaves of the upper
parts of the shoot by an average of 19.47 %. The variability of indi-

Table 7. Total of antioxidant content in the alcoholic extract in the shoot of S. baicalensis, mg GAE/g d.w.
Tabnuya 7. CodepxaHue cyMMbl aHMuUoKcuGaHMoe 8 CupmoeoM 3Kkcmpakme Had3emHol maccol S. baicalensis, me-ake 'K/2 cyx. macc.

Total antioxidant content in the alcohol extract

Plant part
2018 2020
Inflorescences+buds 53.84+3.44 ¢ 62.85+2.97 b
Cv, % 12.76 9.5
Leaves, upper level 71.47+1.10 b 83.05+3.58 a
Cv, % 3.08 8.6
Leaves, middle level 66.03+1.71 b 71.43x4.80 b
Cv, % 5.18 13.4
Leaves, lower level 77.52+0.10 a 66.35+5.39 b
Cv, % 0.01 16.3
Stems 29.28+0.41 d 20.57+0.87 e
Cv, % 2.82 8.5

lMpumeyaHue. 3HadeHUs1 ¢ 0OUHaKo8bIMU ByKeaMu CmMamucmuyYecKu He pasnudaromcs coanacHo mecmy [dyHkaHa npu p< 0,05.
Note. Values with the same letters are not statistically different according to Duncan's test at p<0.05.
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Fig. 2. Correlation relationship between antioxidant content in alcoholic extract
and total water-soluble antioxidant content in the shoot of S. baicalensis for 2018 (A) and 2020 (B)
Note: Straight black is a general dependence on medicinal raw material Herba

cators in 2018 was mostly insignificant, and only for inflores-
cences+buds - medium.

The analysis of testing for normality of distribution of the con-
tent of sum water soluble antioxidants and antioxidants in alco-
holic extract in S. baicalensis herb using Kruskal — Wallis test
showed that the null hypothesis was rejected. Jonckheer-
Terpstra ordered alternatives criterion showed that the null
hypothesis is accepted.

Correlation plots between the data of the contents of the sum of
water-soluble antioxidants and antioxidants in the alcoholic extract
in S. baicalensis herb showed a similar relationship across years. It
shown that the value of water-soluble antioxidant content varied
similarly to the antioxidant content in alcohol extract. Correlation
between the antioxidant content of the alcoholic extract and the
content of water-soluble antioxidants for medicinal raw material “S.
baicalensis herba” founded. Spearman's coefficient in 2018 was
0.708 and in 2020 it was 0.461. Further study needed to identify the
regularities in the content of both water-soluble antioxidants and
antioxidants in the alcoholic extract in the structure of S. baicalen-
sis herb depending on the weather conditions of the growing sea-

son. The correlations for each raw material element showed a vari-
ety of dependencies in 2018 and 2020 (Fig. 2 A, B).

The dry matter content of S. baicalensis herb did not differ
significantly between years with different weather conditions.
The maximum dry matter content observed in stems - 38.89-
39.51%, and the minimum — in inflorescences — 21.07-23.75 %,
regardless of the level of location on the shoot.

The content of water-soluble antioxidants, including AA, in the
shoot mass under uniform precipitation and optimal air tempera-
ture was significantly higher than this indicator under conditions
of sharp fluctuations in CAT and precipitation by 1.5-2.7 times.
The maximum value of the total antioxidant content in the alco-
holic extract in the shoot in both years of the study observed in
leaves.

Correlation plots between the data of the contents of the sum
of water-soluble antioxidants and antioxidants in the alcoholic
extract in S. baicalensis herb showed a similar relationship
across years. The research will continue.
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ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA
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OLEHKa BCTPEYaEMOCTH
YCINOBHO-NATOreHHbIX baKTepUM
B NaCNEHOBbIX PACTEHUSIX B
3aLLMLLEHHOM rPYHTE METOOOM
CEKBEHMPOBAHMS HOBOIO
nokoneHus (NGS)

PE3IOME

AktyansHocTb. B nocnegHue rogbl 0TMeYaeTcs pe3kuii pocT Yucna cnyvaeB 3aboneBaHuin Yeno-
BeKA W XKMUBOTHbIX, BbI3bIBaéMbIX  YCNOBHO-NATOréHHbIMU  MUKPOOPraHM3MaMM.
CenbCKOX03MCTBEHHbIE PACTEHMS CMyXaT OAHWUM M3 eCTECTBEHHbIX pe3epByapoB TakuX nartore-
HoB. MexaHU3Mbl nopaxeHUs pacTeHNI A CXOXM C MeXaHU3MaMK NaTOreHHOCTH GakTepuil YenoBeka
1 XUBOTHBIX. Mo Mepe U3yyeHUs 3KONOrMK NaToreHHbIX 6akTepui, GbinNy NoNyYeHbl AaHHbIE, OQHO-
3HAaYyHO NOKa3biBalolMe BOIMOXHOCTb UX ANUTENbHOTO BbDKMBAHUS U Pa3MHOXEHUs, 6e3 npu3Ha-
KOB NMOTepU NPU3HAKOB BUPYNEHTHOCTM K OPraHM3My OCHOBHOTO XO3SIMHa.

MeTtogonorus. O6pasubl pacTeHuit Tomata U kaptodens (39 wr.) 6binu nonyyeHsl U3 12 Tennuy-
HbIX KOMOWHATOB U cenekuuoHHbIX Tennuy MockoBckon oonactu. FeHomHyto [HK n PHK Bbigens-
NK ¢ MCnonb30BaHWEM COOTBETCTBYHOWMX HaGopoB. [ns amnnudmkaumm runepeapuadensHoro
V3-V4 yyvactka reHa 16S pubocomansHoit PHK ucnonb3oBanuchk cTaHpapTHbie NpaniMepsbl.
CekBeHupoBaHue npoBoaunu Ha nnatdgopme lllumina. MonyyeHHble AaHHbIE CEKBEHUPOBaHUS
obpabaTtbiBanMcb NporpamMoii, HanucaHHoW ¢ ucnonb3oBaHuem anroputma QIIME 1.9.1. Bbin
UCMONb30BaH anropuTM Knaccudukaumu onepauMoHHbIX TakcoHomuuyeckux epuuuy (OTE) c
oTKpbITEIM pedepeHcom (Open-reference OTU), nopor oTceuenus npu knaccudukauum - 97%.
PesynbTatbl. B paHHoW paboTe Mbl paccmaTpuBaeMm 3JKCMepUMEeHTanbHble NOATBEPXKAEHUSA
NaTeHTHOro BbKMBaHUS YCIIOBHO-NATOreHHbIX GakTepuii, UCNONb3YA kak aHanu3 MeTareHoma Gak-
TepuanbHoro coobLecTBa Ha pacTeHUsIX B 3aLIMLLEHHOM FPYHTE M aHanu3 nonynsauum 6akrepuo-
¢haroB, 4TO NPUMEHSETCA B KayeCTBE MHAMKATOPA NPUCYTCTBUA LieNeBbIX BUAOB B OKpYXatoLiei
cpege.

KNOYEBBIE CNOBA:

3HAO0(UTHLIE GaKkTepuu, CEKBEHMPOBaHME HOBOTO MOKONEHMUS, MeTareHoM, TOMaThbl, kapTodenb

Opportunistic bacteria in greenhouse
Solanaceous plants — assessment by

new generation sequencing methods

ABSTRACT

Relevance. In recent years, there has been an alarming increase in the number of human and
animal disease cases caused by opportunistic microorganisms. These pathogens are often
found in agricultural plants, which serve as natural reservoirs for them. The mechanisms of
plant damage caused by these pathogens are similar to those of human and animal patho-
genic bacteria.As the ecology of these pathogenic bacteria has been studied, data has been
obtained that clearly shows the possibility of their long-term survival and reproduction in
plants, without any signs of loss of their virulence towards the main host organism.
Methodology. Tomato and potato plant samples (39 in total) were collected from 12 different
greenhouses in the Moscow region. Genomic DNA and RNA were isolated using appropriate
kits. Standard primers were used to amplify the hypervariable V3-V4 region of the 16S ribo-
somal RNA gene. Sequencing was performed on the lllumina platform. The obtained
sequencing data was processed by a program written using the QIIME 1.9.1 algorithm. An
open-reference Opec classification algorithm (OTU) was used, with a classification threshold
of 97%.

Results. In this paper, we consider experimental evidence for the latent survival of oppor-
tunistic bacteria using both metagenome analysis of the bacterial community on protected
plants and bacteriophage population analysis, which is used as an indicator of the presence
of target species in the environment.

KEYWORDS:

endophytic bacteria, next-generation sequencing, metagenome, tomatoes, potato
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BeepeHue
SH,EI,OCDVITHbIe GakTepun B pacTeHUSX NMOTEHLMANBHO
MOryT CNOCOBGCTBOBATb POCTY PACTEHUIA, yiydLlaTh
A30THOE MUTaHWE, HO, B HEKOTOPLIX Cry4Yasx, SBMSIOTCS
natoreHamu ans yenoseka. HegaBHue nccnenoBaHus, yoe-
ONTENbHO NOKa3anu, YTO YCNOBHO-NMATOreHHbIE 3HTEPOOaK-
TEPUM SABNSIOTCS YaCTbiO 0ObIYHOM MUKPOOUOTHI PaCcTeEHWUI
[1]. CTteneHb 3HOOMUTHOM KONOHU3aLMN BakTepuanbHbIMA
LITaMMaMn perynmpyeTcs 3almMTHbLIMN CBOMCTBaMU pacTe-
HWI, 1 B NocnegHue rogpl 66110 MAEHTUOULMPOBAHO MHOMO
reHeTU4eCKkMX OETEPMMUHAHT, HEOOXOOUMbIX O TakoWn
KONOHU3aUWK, NpuyeM. ONM3KUX K FreHam, BaXHbIM OJ1s
naTtoreHe3a Ha OCHOBHbIX X03seBax 9TuUX OakTepui.
CnocobHOCTb 6akTepuii pasfinyHbIX TakCOHOB MopaxaTb
KaK pacTeHus:, Tak U XMBOTHbIE Oblfia JABHO OTMEeYeHa aJis
Pseudomonas aeruginosa, Burkholderia cepacia v Erwinia
sp. [2, 16], n Bbina NpegMeToOM MHOMOYMUCEHHBIX UCCNENO-
BaHWI, paCCMOTPEHHBIX B psiae noapobHbIx 0630posB [4, 9].

O6wwupHas rpynna ramMmma-npoteobakTepuin
Enterobacteriaceae, reHeTUn4yeckmn O1n3KNX K
Escherichia coli, BknioyaeT B cebs Kak TUNUYHbIX nMaTtore-
HOB 4efloBEKa M XWMBOTHbIX (BMAbl pomoB Salmonella,
Shigella, Yersinia), Tak n natoreHoB pacTteHun (Erwinia,
Pectobacterium, Pantoea). aTtoreHHble aHTepobakTe-
puun, Bkn4Yaa Salmonella enterica w Escherichia coli
O157:H7, pnutensHOe BpPeMS BbIXMBAIOT HA NMOBEPXHO-
CTn pacteHun [6, 8].

M3 pacTuTenbHbIX TKaHe HEOQHOKPATHO BblAENANN Takne
BuAabl, kak Klebsiella pneumoniae [12], Enterobacter cloacae,
Enterobacter aerogenes [21], Serratia marcescens [10],
Burkholderia cepacian [16], npyrux 6akrtepuini cemencTsa
Enterobacteriaceae, obnapalowyx NOTEHUMANBHOW BUPY-
JNIEHTHOCTBIO AN XMBOTHBIX U YCTONYMBOCTBLIO K LUMPOKOMY
Kpyry aHTmébmotukoB [1]. MaToreHHble 3HTEpoGakTepUn B
3HAYUTENBHOM YMCE BbIOENAN U3 NMNCTbEB canarta (o1 400
0o 9000 KOE/r) [8] npopOCTKOB peavica, MOPKOBU, MOLUEP-
Hbl, 60608, 1 Mononoro kaptodens [13], NCNONL3YEMbIX B
KayeCcTBe CanartoB, He MOABEpPraemMblx TePMUYECKOn obpa-
OoTKe.

MoTeHuManbHLIMN UCTOYHUKAMN BaKTEPUIA B pacTEHUsIX
ABNAOTCA UPPUrauyoHHbIe BOAbI, MO4YBa, HACEKOMblE U
Hemartonpbl — BpeauTenn, 1 rmaBHbli UCTOYHUK — XMBOTHbIE U
yenosek [9, 20].

OueBungHo, yTOo MEXaHU3Mbl GakTepuranbHOro
cuMbunoza/naToreHesa A XMBOTHLIX U pacTeHUA B 0O0MX
CIy4asix AOMKHbI UMETb HEMAO OBLLMX YEPT Kak CO CTOPOHbI
natoreHa, Tak 1 xo3sauHa. Ho, HeCMOTps Ha 3HAYUTENbHbIE
DOCTUXEHUS B nAeHTUdMKaLMM 06LLMX HaKTOPOB BUPYIIEHT-
HOCTM [N9 >XMBOTHbIX W pacTteHun y Pseudomonas
aeruginosa [20, 22], ocTaloTCs COMHEHMS B TOM, ABNFETCS N
3Ta MHOMOXO35IMHHOCTb YaCTbl0 OObLIMHOrO BUMONOrNMYECKOro
LMK1a MaToreHoB, WK Pas3BUTUEM MPU OCOObIX YCIOBUSIX
cpenbl U OTCYTCTBUN 3PEDEKTUBHOM 3alUUTHOM peakuum
HecneumdUYHOro xo3samHa - T.H. ONMOPTYHUCTUYECKUIA NaTo-
reHes.

Mo mepe M3yyeHUs 3KOMOrMM MaToreHHbIX GakTepuid,
ObIIM NONyYeHbl AaHHbIE, OAHO3HAYHO MOKa3biBaOLLME BO3-
MOXHOCTb UX BbDKMBaHUS U PAa3MHOXEHUS B aNnbTepHaTUB-
HOW 9KOJIOrMYECKOM HULLIE B TEYEHME OJINTENIBHOrO BPEMEHU
©e3 NoTepu BUPYNEHTHOCTU /19 NEPBOHAYaSIbHOrO XO3sIMHa-
XunBoTHOro [4]. Kpome Bcero npoyero, naToreHHble GakTe-
puyK, HaxoasaLMeECs Kak SHAOCUMONOHTbI B PUTOMATOrEHHbIX
rpmbax, UrpatoT BaXXHYIO POJib B BUPYIEHTHOCTY NOCNEOHMX,
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Bblaensas GpuToTokcuHel [20]. Bngumo, anbtepHaTMBHOE
CYLLIECTBOBaHME MaToOreHHbIX 6akTepuin He MMEET NPUHLMMN-
ANIbHOMO 3HAYEHUST OJ151 X XKM3HEHHOT O LIMKIIA 1 9BOJSIOLLUN.

B 10O e Bpems, HecneumanmsnpoBaHHble GUTONATOrEHbI
Pectobacterium carotovorum u Pantoea agglomerans,
Bulkholderia sp., Ralstonia sp. BbI3bIBaIOT Pa3/ivyHbIE Nopa-
XEHUS BHYTPEHHMX OPraHoB Mpuv TPaBMax W CHUXKEHHOM
VMMYHUTETE XMBOTHBbIX U 4yenoseka [7]. Pa3amHOXeHne
dunTonaTtoreHoB MPOUCXOOUT BO B3aMMOAEWNCTBUM C MpPO-
creriwmmmn  (Erwinia sp.), BHYTpWM HacekoMbix (Erwinia
chrisantemi=Dickeya dadantii), Hematopn (Rathayibacter
tritici, Rathayibacter spp.) N JpPyrmx XMBOTHbIX, a NATOreHbI
YyenoBeka 1 XMBOTHbIX PErynspHO 0OHaPYXMBAIOT Kak anu-
buTHBbIE, B3HOOPUTHBIE, PU30ChEPHBIE UV NAPA3UTUHECKME
(duTonaToreHHsble) GakTepUM pacTeEHUM 1 BOAOPOCHEN [6].

OueBUOHO, 4YTO 0bONagaHe odLWYMM MexaHu3MamMm rnaTo-
reHesa n cumbunosa [20, 22] no3BonseT GakTepusiM CocylLie-
CTBOBaTb W MAapa3nTVPOBAaTb HA Pa3HbIX OOHOKIETOYHbIX U
MHOIOKJIETOYHbIX PACTEHUSAX N XMBOTHbIX. OgHaKo, HECMOT-
pPS Ha OOCTUMXXEHUS B U3YYEHUN FEHETUKU BUPYIEHTHOCTU
9TUX NATOreHOB, OCTAETCs OTKPbITbIM BOMPOC, ABASETCS /v
MX CNOCOBHOCTb 3apaxaTb Pa3/INyHble OPraHU3Mbl HEOTbEM-
NeMON 4YacTblo BUONOrMM MaToreHa, Wan Xe pesynbTaToM
aganTtaumm B CBS3M C HEOOCTATOYHOW CTEMEHBIO YCTOMYNBO-
CTWN HETUMNYHOIO XO3ANHA.

WccnepoBaHus MokasbiBaloT, YTO AaHHbIE 6akTepum MOryT
ONnTenbHOE BPEMS CyLLEeCTBOBATb M Pa3MHOXaTbCA Mpwu
M3MEHEHWN YCITOBUIN OKPYXAIOLLEN Cpeabl B KA4ECTBE canpo-
GUTOB Mnn faxe GUTONATOreHOB, HE TePSsd NPV 3TOM CBOEN
NaToreHHOCTWN AN NCXOOHOro xo3auHa [14]. MNo-sngnmomy,
canpoduTHas ¢asa Xn3HM He UrPaeT 3HAYNTENBHOM PO B
9BOJIIOLMN U XXUSHEHHOM LMKIE YCIOBHO-MATOreHHbIX/NaTo-
reHHbix OakTepuii. CpaBHUTENbHAd MNPOCTOTA U3Y4YEHUS
B3aMMOAENCTBUSA PACTEHUIA C YCIOBHO-NATOreHHbIMN HGakTe-
pusMn genaet ux yoobHoOW MOAEenbio AN MCCNenoBaHUS
MHMEKLMOHHbBIX MPOLLECCOB Y XMBOTHbBIX M YENTOBEKA, & TakKe
NO3BONSET OCYLLECTBASATL MONCK HOBLIX METOA0B ©OPLOLI C
GakTepuanbHbIMU MHdekumamm [17, 18].

Llenbio [aHHOro nccnenoBaHug ABNSeTCa aHanm3a npum-
MeHeHusa NGS gnsa nsyvyeHns mMukpooduoma nacneHoBbIX
pacTeHWi1, BbIpALLLEHHbIX B TENNLLAX Ha TeppuTopun PO,
Tomat (Solanum lycopersicum L.) n kaptodenb (S/
tuberosum L.) npuHagnexart K poay, KOTOpPbI BKIOYaeT
Takve NpPoAOBOJIbCTBEHHbIE KYNbTypbl, Kak KapTodenb,
TomaTt, nepeu, dulanuc un OaknaxaH. Bbnaropaps
ObICTPOMY POCTY MacfieHOBblE PACTEHUS YaCcTO UCMOSb-
3yeTcs B Ka4eCTBe MOAENbHOro oobekTa npu N3y4yeHumn
dunanonorum n GUOXMMnM pacteHuin. B paHHon paboTe
Obl1 MPOBeAEH aHanM3 meTareHoma OakTepuanbHbIX
COObLECTB pacTeHUl i TOMATOB U CEMEHHOro kaptode-
ns, BblpallMBaeMbIX B FMAPOMNOHHOM KyNnbType, a Takxe
aHanu3 nonynauui 6aktepunodaros, acCoOLMNPOBAHHBIX
Cc natoreHamun. bakTtepunodarn Bce yaule Ncnonb3yTcd
B KayeCTBe WHOMKATOPOB MNPUCYTCTBUS WUCCHEenyeMbIX
BUOOB OakTepuii B npobax, B3ATbIX M3 OKPYXaloLLein
cpenpl [11].

MeToabl cekBeHupoBaHusa HOBOro nokoneHus (NGS)
yCMNEeLIHO NPUMEHSIOTCS A9 OLEHKN Pa3HO0Bpasns Muk-
POONOMOB Pas3iNYHbIX PACTEHUN. DTU TEXHOMOIMMU NO3-
BONISIOT HE TOJIbKO OOHAPYXMBATb U KOJIMYECTBEHHO OLLe-
HUBATb KJIMHMYECKM 3HAYMMble BAKTEPUUN, HO U BbIBNATh
CKpbITble MaTtoreHbl, B3anMOAeNCTBYIOLWME C APYruMuU
OpraHM3mamm B CIOXHbIX MHPEKLMOHHBIX MPOoL,eccax.
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MaTtepuanbl u MeToabl

O6pasubl pacteHuin Tomata u kaptodensa (39 wT.)
ObINI NoNy4YyeHbl U3 12 TennnYHbIX KOMOWHATOB, Bbipa-
WwMBawwWMX TOMaT, WU CEeNeKUMOHHbIX Tennuy,
MockoBCcKOM 06nacTun, MCNONb3YIOLWMX TUAPOMNOHHYIO
TEXHONIOTNIO BbIPaALMBAHUA CEMEHHbLIX KNybHel kap-
TOodens B TeYEHNE BETETALMOHHbLIX ce30HoB 2023-24
rr. O6pasbl OblIM NONy4YeHbl B pamMkKax PYTUHHOro
MOHUTOPUHIa GUTOCAHUTAPHOW cuUTyauuu B Tennu-
uax, B COOTBETCTBMU C MNNAHOBLIM NPOBEAEHNEM aHa-
nn3a NpucyTcTBusa BO3OyauTenein 6onesHeli pacTe-
HWIA, [OCTaBNEHbl M MOArOTOBMEHbI AN aHanuM3a B
COOTBETCTBUU C NnabopaTopHbIM pernameHToMm nabo-
patopun BHUUKP.

MeTtoanbl Boinenexnns AHK n PHK

M CUHTE3 BMBINOTEK /151 CEKBEHUPOBAaHMS

OHK Bblgenanun ¢ ucnonb3sopaHuem Habopa QlAamp
DNA Microbiome Kit (QIAGEN, CLUA) [23] B cooTBeT-
CTBUN C pekomMeHpauuamum npoussoantensa. PHK
BblAENANN C ncnonb3oBaHmem Habopa QlAamp Viral
Kit (QIAGEN, CLLUA) [24] B COOTBETCTBMU C PEKOMEH-
naumamu npounssoautena QlAamp. BoigeneHue npo-
MCXOAUT KOJIOHOYHBIM METOAOM C MCMOSb30BaHUEM
MukpoueHTpudyrn. Ona MUP-amnnudukaymm obna-
ctn V3-V4 rena 16S pPHK wncnonb3osanu mactep-
cmecb ana Taq nonumepassbl [25] v cneundunyeckne
npanmepbl 16sF n 16sR [21]. B peakunn ncnonb3osa-
nn 40 Hr ToTanbHom AHK 1 10 MKM Kaxaoro nparnme-
pa, npu aToM ycnosusa [LUP BkawYann Ha4vanbHYO
neHaTtypauuto npu Temnepartype 95°C, 3a koTopomn
cnenytoT 25 ynknos npu temnepatype 95°C B TeyeHne
15 cekyHa, 60°C B TeyeHune 15 cekyHag u 72°C B Teve-
HMEe 2 MUHYT, 3aBepLlalLWNXCAd AOCUHTE30M NPU TEM-
nepatype 72°C B TeyeHne 10 muHyt. CuHtes kAHK Ha
maTtpuue BbiaeneHHon PHK ocyuwecTBngnca ¢ nomo-
wblo Habopa peakTneoB Mint (EBporeH, Poccus) [26]
B COOTBETCTBUU C PEKOMEHAALUAMUN NMPON3BOANTENS
¢ wucnonb3oBaHmem Random npanmepa (dN)10
(EBporeH, Poccuq).

CnHTes 6mbnmnotek aOngd cekBeHUpPOBaHUSA OCY-
LeCTBAANCS NO CTaHO4APTHOW meToauke [27], ¢ npu-
meHeHnem KAPA HyperPlus Kit (F. Hoffmann-La
Roche Ltd, LWWBenyapua), ¢ agantaymen no pekoMeH-
naumn npounssogutens lllumina (lllumina, Inc., CLUA)
[28].

CekBeHupoBaHune

Ona cekBeHnpoBaHug Ha nnatdopme lllumina nony-
YyeHHble BUBNMOTEKN CMellMBaNUCb Mexay cobon u
0OBOOAMNNCL A0 ob6uwen koHueHTpauum 2nM. AHanns
O6nbnmMoTeK NPOBOAMNICH HA CeKBEHaATOpe HOBOro
nokoneHus lllumina meToooM MapHO-KOHLEBOrO 4yTe-
HUa reHepaumen He meHee 500 000 napHbIX NpoyTe-
HWUIA Ha Kaxabli o6paseL, C NCNOb30BaHUEM CleAYIO-
wumx peaktmeoB: MiSeq Reagent Kit v3 (lllumina, Inc.,
CLUA) [28].

ObpaboTka gaHHbIX

MonyyeHHble «Cblipble» OaHHble CEeKBEHUPOBaHUS
cobupannucb B KOHTUIXN C NMPUMEHEeHUEM NMporpamMmebl
SPAdes [3]. KayecTBO NOMy4YeHHbIX KOHTUIFOB aHanu-
3npoanu nporpammon Qiime [5]. JanbHenwee pac-
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npeneneHne nocnenoBaTenibHOCTEN MO TaKCOHOMMU-
YeCKMM eAuHnUaM — C UCMNONb30BaHMEM anroputma
KRAKEN [21]. OToenbHble 06pasubl BepudunumnpoBa-
NUCb cpaBHeHMeM ¢ 6asoi gaHHbix NCBI npu nomouim
nporpammbl BLAST [29].

Pe3ynbTaTbl U 06CyXaeHue

MeTareHOMHbIA aHanM3 6GakTepuanbHOW nonyns-
LUN B pacTeHUsAX

[na Toro, 4To6bl OLLEHUTb BCTPEYAaEMOCTb YC/IOBHO-
naToreHHblX 6GakTepuii B Nnpodax pacTeHuit, nony4yeH-
Hble N3 12 TeNNNYHbIX KOMOUHATOB, NOJIy4EeHHbIE AaH-
Hble (Bcero 39 o6pasuoB) 661N cBEeAEHbI B Tabn. 1.

B pesynbTate metareHomHoro aHanmsa 16S pPHK
ObIsI0 BbigBNEeHO 0 1650 oTaesibHbIX TakKCOHOMMUYE-
cknx eguuuny, (OTE), ¢ nHoekcom aHTponuu LLieHHOHa
oT 5,8 0o 8,9, 4yTO OEMOHCTPUPYET BbICOKOE FEHETU-
yeckoe pasHoobpasue nonynauuii. Konmnyectso OTE
ons obpasuoB TomaTa ObII0 CYWECTBEHHO Bbile
(pasnuuna pocToBepHbl Ha 95% ypoBHE BEPOATHO-
CcTU), 4yem ang kaptTodens, Ho 3TO MOXeT OblTb Bbl3Ba-
HO GONbLWNM YMCIOM 0O6pas3LLOB N COPTOB TOMaTa, Nno
cpaBHeHuto ¢ kaptodpenem. NHpekc LLleHHOHa nmeeTt
MakCumanbHOe 3HayeHwe, kKorga MMeeT MecTO MoJi-
Has BbIpaBHEHHOCTb pacnpeneneHns BUOOB, 4YTO
COOTBETCTBYET HambonblieMy pa3dHoobpa3nto cucTe-
Mbl, @ MUHUMaNbHOE 3HadyeHune paBHO 0 (oTcyTcTBME
pasHoobpasus).

Hanbonee pacnpocTpaHEéHHbIMW BUAAMU B N3YYEH-
HbIX pacTeHuax 6binn Mycobacterium canettii,
Klebsiella pneumoniae, Escherichia coli, Proteus
mirabilis, Pasteurella multocida subsp. multocida wn
Pseudomonas putida.

YacToTa npouyTeHur nocnepoBatenbHocTenm 16S
pPHK, onpepeneHHbix kak Mycobacterium canettii,
cocTtasndana ot 3,4 po 10,3%. PaHee, Loukil A. ¢ kon-
neramu [15], Hawnm, 4To ecTecTBeHHasa HMLWA 0buTa-
HUa M. canettii cBa3aHa C paCTEHUAMU, CUHTEINPYIO-
wmMm pamHo3y. PamHo3a (6-ge30kCcnmaHHO3a), 4e30K-
cucaxapupi U3 rpynnbl anbAorekcos ¢ oouwiein Gopmy-
non CgH120s5, aBngeTcd ogHUM N3 yrneBOoOHbIX KOMMO-
HEHTOB BHelHelW wMembpaHbl 6GakTepuin poaa
Mycobacterium, koTopble BKO4YaeT B ceba Bo36yau-
Tenen tybepkynésa. B nacneHoBbIX pacTeHUsaxX pam-
HO3a BXOAWT B COCTaB rMMKOankanouaoB, B YaCTHO-
CcTu conaHmHa n TomatmHa [31]. Loukil A. v gp. nona-
ralpT, 4TO pacnpocTtpaHeHue M. canettii B ABppuke un
A311M CBS3aHO C pacnpOCTPaHEHHOM NPakTUKOW yno-
TpebneHus ankonoua-coaepxauero pacteHmsa Catha
edulis (KaT cbeno06Hbiin) [15].

[laBHO OTMEYeHO NPUCYTCTBUE B PACTEHUAX APYrUX
0OHapyXeHHbIX HaMu BMAOB, B YacTHOCcTU Klebsiella
pneumoniae [12], Escherichia coli [1, 6, 8], Proteus
mirabilis, Pasteurella multocida subsp. multocida [1,
12, 13] n Pseudomonas putida [2, 16].

AHann3 PHK n 6aktepnogaros

[aHHble 0 OakTepuodarax, BblaefeHHbix 13 39
06pas3uoB pacTeHut M3 12 TenanyHblIX KOMMNNEKCOB,
npeacTtaeneHbl B Tabn. 2.

Hanbonee yacto BcTpeyanucb bHaktepuodaru, nopa-
Xawuime aHTepobakTepun. B uyacTtHocTn, Salmonella
phage TS13 6bin 06HapyxeH ¢ yactoTton oT 3.1 no 36%,
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Ta6nuya 1. Yacmoma ecmpevyaeMocmu yc/108HO-NMaMo2eHHbIX U CXOXUX 6akmepuasnbHbIX eu0oe
Ha nmac/ieHo8bIX PacMeHUsIX, 8bipalwjueaemMbIX 8 MeMIUYHbLIX KOMIIeKcax
Table 1. Frequency of occurrence of opportunistic and similar bacterial species on solanaceous plants in greenhouses

YacToTa BCTpe4YaeMoCTH, %

Homepa oﬁpgsuos Bupa 6akTepui (Tonbko ans BMAOB,

pacTeHuin* or Oo onpefeneHHbIX A0 YPOBHA BUAA UMM LWITaMMa)
1-39 3,40 10,29 Mycobacterium canettii
4, 10-39 0 0,04 Corynebacterium sanguinis
3,8,19 0 0,05 Cutibacterium acnes
1,3, 7 0 0,04 Cutibacterium granulosum
3, 6, 23, 29, 30, 34 0,02 0,08 Cylindrospermum stagnale
1-10, 14-39 0,01 0,09 Cylindrospermum stagnale
1-39 0,02 0,06 Nodularia spumigena
1-39 0,04 0,14 Oxynema aestuarii
2, 7-19, 30-39 0,01 0,05 Bacillus mycoides
34-36 0,04 0,04 Bacillus atrophaeus
32-38 0 0,05 Gracilibacillus salitolerans
1-39 0,04 0,24 Staphylococcus cohnii
35-39 0,04 0,05 Listeria ivanovii
13, 27 0,04 0,06 Weissella koreensis
23, 25, 29 0,04 0,07 Limosilactobacillus reuteri
30 0,04 0,04 Fructilactobacillus lindneri
30-34 0,04 0,09 Jeotgalibaca ciconiae
30-39 0,01 0,04 Natranaerobius thermophilus
28-34 0,02 0,04 Metamycoplasma cloacale
1-39 0,1 0,90 Klebsiella pneumoniae
1-39 0,04 0,24 Escherichia coli
36-39 0,04 0,04 Candidatus Blochmannia vicinus
1-39 0,08 0,18 Proteus mirabilis
1-39 0,04 0,1 Providencia rettgeri
1-39 0,4 0,69 Pasteurella multocida subsp. multocida
10-29 0,04 0,07 Vibrio panuliri
23-29 0,02 0,04 Photobacterium damselae
1-18 0,01 0,04 Methylomonas denitrificans
1-39 0,04 0,14 Pseudomonas putida
1-39 0,04 0,05 Methyloceanibacter caenitepidi
29-32 0 0,04 Candidatus Hodgkinia cicadicola
1-39 0 0,04 Cereibacter sphaeroides
2-12 0 0,04 Nitrosomonas ureae
1-39 0,04 0,1 Burkholderia cenocepacia
1-39 0,04 0,05 Blattabacterium cuenoti
1-39 0,04 0,05 Cyclobacterium marinum
1-39 0,01 0,04 Algoriphagus sanaruensis
1-12 0,01 0,04 Cetobacterium somerae
2,56 0,01 0,04 Paludibaculum fermentans
1-12 0,01 0,04 Thermanaerovibrio velox
CpepnHee 0,13 0,39
Ct. oTKN. 0,54 1,62

*O6pa3subl 1-25 —Tomar, obpasupsi 26-39 —kapTopesib.

[ 73]



ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

Tabnuuya 2. Yacmoma ecmpeyaemocmu 6akmepuogha2o8 & Nac/ieHo8bIX pacmeHUsIX 8 menauyax
Table 2. Frequency of occurrence of bacteriophages in greenhouse solanaceous plants

Homepa o6pasuoB YacrtoTa BcTpeyaemoctu, %
pECTeHEﬁ*u oT - Do BakTtepuodpar
1-39 3,10 36,00 Chivirus iEPS5 (Salmonella phage TS13)
1, 3-7 0,04 0,04 Zhonglingvirus Salmonella phage SAP012
1-39 0,23 0,31 Rosenblumvirus Staphylococcus phage CSA13
1-39 3,75 7,50 Valbvirus Vibrio phage ValB1MD-2
21, 29 0,08 0,08 Haifavirus Prochlorococcus phage P-TIM68
1-8 0,04 0,05 Ahtivirus Synechococcus phage S-ShM2
1,3,5 0,04 0,05 Bacillus phage SIOphi
2,6,7 0,02 0,04 Siminovitchvirus Bacillus phage CP-51
26-35 0,01 0,04 Teubervirus Lactococcus phage P087
23, 25, 30 0,01 0,04 Sulfitobacter phage phiCB2047-B
27, 34, 37 0,03 0,04 Claudivirus Goe4
12, 23, 25 0,03 0,04 Bacillus phage vB_BthP-Goe4
23, 24, 27 0,01 0,04 Saclayvirus Aci022
2-9 0,01 0,04 Acinetobacter phage vB_AbaM_B09_Aci02-2
3-7 0,03 0,04 Shewanella phage SppYZU05
11, 17, 23-29 0,03 0,04 Pseudomonas phage Lana
1-39 0,02 0,06 Lactococcus phage P335
1-39 0,04 0,06 Enterobacteria phage phiP27
1-39 0,04 0,06 Muldoonvirus PS2
1-39 0,04 0,06 Serratia phage PS2
1-39 0,04 0,05 Marienburgvirus JLK2012
1-39 0,04 0,05 Escherichia phage JLK-2012
1-39 0,04 0,05 Stenotrophomonas phage IME13
1-39 0,04 0,05 Stenotrophomonas phage Mendera
1-25 0,21 0,26 Klebsiella phage ST147-VIM1phi7.1
1-39 0,20 0,27 Klebsiella phage 3LV2017
1-25 0,04 0,05 Erwinia phage EtG
1-25 0,03 0,05 Salmonella phage PSP3
1-25 0,02 0,05 Escherichia phage 186
1-25 0,01 0,03 Salmonella phage SEN1
1-25 0,02 0,04 Peduovirus P2
1-25 0,01 0,04 Escherichia phage Wphi
1-25 0,01 0,04 Escherichia phage vB_EcoM-12474lll
1-25 0,01 0,04 Yersinia phage vB_YpM_46
1-39 0,08 0,12 Escherichia phage 500465-1
1-39 0,03 0,04 Klebsiella phage ST437-OXA245phi4.1
26-39 0,02 0,04 Salmonella phage RE2010
26-39 0,01 0,04 Salmonella phage SEN8
26-39 0,02 0,04 Erwinia phage ENT90
26-39 0,02 0,05 Klebsiella phage 4LV2017
26-39 0,02 0,05 Klebsiella phage ST13-OXA48phi12.1
26-39 0,01 0,03 Burkholderia phage phiE202
26-39 0,01 0,03 Haemophilus phage HP2
23, 30 0,06 0,07 Salmonella phage SAP012
1-39 0,08 0,09 Staphylococcus phage CSA13
25-30 0,03 0,06 Staphylococcus phage Andhra
1-39 0,12 0,19 Escherichia phage HK639
1-39 0,04 0,05 Klebsiella phage phiKO2
1-39 0,03 0,05 Cronobacter phage ENT47670
1-39 0,03 0,05 Enterobacteria phage ES18
1-39 0,03 0,05 Salmonella phage vB_SosS_Oslo
1-39 0,02 0,04 Cronobacter phage phiES15
26-39 0,01 0,04 Vibrio phage SIO-2
26-39 0,01 0,04 Croceibacter phage P2559Y
26-39 0,01 0,04 Streptomyces phage mu1/6
26-39 0,01 0,04 Stenotrophomonas phage S1
26-39 0,01 0,05 Psychrobacter phage Psymv2
26-39 0,01 0,06 Nocardia phage NBR1
26-39 0,01 0,06 Brucella phage BiPBO1
1-39 0,30 0,38 Klebsiella phage Marfa
1-39 0,09 0,18 Escherichia phage RCS47
1-39 0,07 0,17 Enterobacteria phage P7
1-39 0,02 0,22 Salmonella phage SJ46
1-39 0,05 0,15 Escherichia phage D6
1-39 0,04 0,24 Shigella phage SflV
1-39 0,02 0,12 Enterobacteria phage phiP27
1-39 0,02 0,22 Pseudomonas phage 201phi2-1
1-39 0,02 0,12 Salmonella phage ST64B
23, 24, 27 0,01 0,02 Pectobacterium phage ZF40
23, 34 0,01 0,02 Thermus phage phi OH2
1-39 0,07 0,09 Enterobacteria phage phi80
1-39 0,06 0,09 Enterobacteria phage HK225
CpeaHee 0,13 0,39
CT. oTKN. 0,49 0,57

*O6pa3subl 1-25 — momam, obpasysi 26-39 — kapmogherib.
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Vibrio phage ValB1MD-2 — ot 3,75 no 7,5%, 4to 60nee 4yem
Ha 2 nopsiaka NPeBOCXOAMSIO0 BCTPEYaeMOCTb NOCea0Ba-
TenbHOCTEN Apyrux daros.

Xopowo u3BecTHO 06 accouuauuun bakTepuii popa
Salmonella ¢ kynbTypHbIMU pacTeHnamn, a Vibrio — ¢ Boa-
HbIMW PaCTEHUAMU, TakXe W3 PaCTUTENbHbIX TKaHEMN
HEOO4HOKpAaTHO  Bblgenanu  Enterobacter  cloacae,
Enterobacter aerogenes [22], Serratia marcescens [10] n
opyrne 6aktepuun cemenictBa Enterobacteriaceae, obna-
JaloLLme NoTeHunanbHON BUPYIEHTHOCTbLIO A1 XXKMBOTHBIX.
MaToreHHble 3HTepOBaKTEPUM paHee BbIAENSANN U3 NINCTb-
€eB canaTa, NMPOpPOCTKOB peamca, MOPKOBWU, JOLEPHBI,
60608, 1 Monoporo kaptodens [8, 13], nCNonb3yembIx B
Ka4yecTBe canaToB, HE NOABEPraeMbix TEPMUYECKON 06pa-
6oTke. [Mo3TOM, Hanuune B KavyeCcTBe AOMUHUPYIOLLEN
dpakumn daros, nopaxawLlmx 3HTepodakTepumn, BbIrg-
ONT NOTNYHBIM N OXUOAEMBIM.

Kak y>xxe oTmeuyeHo Bbille, 6akTepmodarmn, accoummpo-
BaHHble C BaKTEPUAMUN APYrUX TAKCOHOMUYECKUX TPy, B
4aCTHOCTU rpamMnonoXnUTENIbHbIMU BUAAMU
(Staphylococcus, Bacillus, Streptomyces, etc.) n 6eta-
npoTeobakTePUSa MU, BCTPEYAINCh 3HAYNTENIBHO peXxe.

3aknovyeHue

Bbonbluee KONMYECTBO NOCEN0BATENBHOCTEN, MPUHA-
nexawmx Bmaam, CYMTAOLWMMCS YCOBHO-MATOrEHHbIMA
6akTepusaMmn U Hannune cneumduyHbIX K HUM BakTepuo-
daroB KOHEYHO HE MOXET ObITb MPUHATO B KaYecTBe A0Ka-
3aTenbCTBa HaANMMYMA XUBbIX U ONACHbIX AN YyenoBeka u
XMBOTHbIX (POPM B pPacTEHUAX TEMNINYHbIX KOMOWHATOB.
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psaen e Grom e Role of plant viral infection in

https://doi.org/10.18619/2072-9146-2025-2-3-77-82

it the inhibition of potato immune

responses to the damage
o e e e CAUSEd Dy leaf-eating pests

East named after A.K. Chaiki” 692539 Russia, Primorsky
kray, Ussuriysk, Timiryazevsky stl., Volozhenina st., 30B ABSTRACT

) Relevance. There are very few studies on the role of plant viral infection in inhibiting the immune

*Correspondence Author: 0.eyvazova@gmail.com response of potato plants to the damage caused by leaf-eating pests; the available data has a frag-
mental character.

Authors’ Contribution: O.A. Sobko: conceptualization,  Materials and Methods. The research was carried out in an experimental field of FSBSI “FSC of
methodology, data verification, application of statistical  Agricultural Biotechnology of the Far East named after A.K. Chaiki” in 2020-2023. The following
methods to analyze the study data, conducting the study,  potato varieties of Russian and foreign breeding origin were used in the experiment: Belmonda,
writing-reviewing and editing the manuscript. M.V. Ermak: ~ Sante, Dachnyi, Yantar', Avgustin, Yubilyar, Kazachok, Red Lady, Labella, Queen Anne, Laperla,
conceptualization, methodology, data verification, appli-  Smak, Lilly, Arktika, Svitanok Kievskii, Nakra, Dal'nevostochnyi, and Severnyi. The progression of
cation of statistical methods to analyze the study data,  plant viral infection and the degree of the damage caused by Henosepilachna vigintioctomaculata
conducting the study, writing-reviewing and editing the ~ were assessed on a point scale.

manuscript. Results. The research established a direct correlation between a decrease in the immune response

of potato plants to leaf-eating insects and the accumulation of viral infection without the renewal of
Conflict of interest. The authors declare planting material. Potato varieties Svitanok Kievskii, Nakra, Dal'nevostochnyi, and Severnyi were
no conflicts of interest. observed to have latent viral infection (from 0 to 0.5 points) in the first year of the experiment (2022)

and were not susceptible to the potato ladybird beetle. Mixed plant viral infection manifested itself
For citation: Sobko O.A., Ermak M.V. Role of plant viral ~ on potato plants in 2023 decreasing the immunity of the plants to phytophagous insects, particu-
infection in the inhibition of potato immune responses to |a|'|y to the potato Iadyblrd beetle. The progression of plant viral infection on variety Svitanok
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least susceptible to plant viral infection and the degree of damage was minimum as well.
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Ponb qUTOBUPYCHOW MHEPEKLIMK B
MHrMBMPOBAHNMN UMMYHHOTO OTBETA

®epepanbHoe rocyaapcTBeHHOe BromKeTHOE

® ; ;
s kapTochens Ha noBpexaeHus
[anbHero Boctoka nmenn A K. Yaiikuy

692539, Poccus, Mpumopckuii kpai, n M CTO rp b|3yLL|I M M VI B peﬂ MTenﬂ M M

r. Yccypuick, n. TummupsiaeBckuid, yn. BonoxeruHa, 306

*Aemop 0n1si nepenucku: 0.eyvazova@gmail.com PE3IOME . .
AktyanbHocTk. MccnepoBaHui, NOCBALEHHbLIX ponu (hUTOBUPYCHOW MHGEKLUM B UHTMOUpOBa-

HUM UMMYHHOIO OTBETa pacTeHUi kKapTodhens Ha NOBPEXAEHUS, BbI3BaHHbIE JIMCTOTPbLI3YLUMM
BpeAMTENsiMK, KpaiiHe Marno; MMeloLMecs AaHHble HOCAT hparMeHTapHBbIN XapakTep.
Martepuan u metoas!. UccnepoBaHusa npoBoaunu Ha onbiTHoOM none ®rEHY «®HL| arpobuoTtexHo-
norun JansHero Boctoka um. AK. Yaiiku» B 2020-2023 ropax, B 3KCnepuMeHTe UCMONb30Banu
copTa oTe4ecTBeHHOW M 3apybexHoi cenekuumn: Belmonda, Sante, [JayHbin, AHTapb, ABrycTuH,
lO6unsp, Kasauyok, Red Lady, Labella, Queen Anne, Laperla, Cmak, Lilly, Apktuka, CBuUTaHOK
Kuesckuin, Hakpa, [lanbHeBocTOuHbIN, CeBepHbIi. lMposiBneHne cdutoBUpYCHON MHGEKUUM Ha
pacTeHusix kapTodens M Gann noBpexaeHMs pacTeHUn kapTodpens Henosepilachna
vigintioctomaculata oueHnBanu B 6annax.
Pe3ynbTathbl. Hamu o6HapykeH hakT yMeHbLLEeHNS UMMYHHOTO OTBeTa kapTodhensi N0 OTHOLLEHUIO
K JIUCTOrPbI3YLUUM HACEKOMbIM OT HaKOMMeHWsi BUPYCHOW MHGeKLUn B YCNOBUSAX OTCYTCTBUS
o6OHOBNEHMs nocafgovHoro Matepuana kaptodpensi. Tak copta CsutaHok KueBckui, Hakpa,
[anbHeBOCTOUHbLIN, CeBepHbIN B NepBbIi rof n3yveHns (2022 roa), MMenu naTeHTHOE NpoOTeKaHue
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Introduction

he ecosystemic functions performed by the immuno-

genetic system of plants in agricultural landscapes
are a complex and poorly studied aspect of plant immunol-
ogy. Consequently, both strategies for creating plant geno-
types with certain traits and the strategies of their use
under the conditions of sustainably functioning agroe-
cosystem are understudied as well. Plants constitute the
basis of any ecosystem and have unique ecological rela-
tions with their environment. This determines their specific
biogeochemical activity and ability to transform the envi-
ronment making it suitable for heterotrophs such as phy-
tophagous and entomophagous insects, microorganisms,
and others populating a given ecosystem [1]. The immuno-
genetic features of both autotrophs and consumers of all
trophic levels are among the key mechanisms preserving
the stability in ecosystems [2]. According to the general
principles of immunology, the immunity of a particular
species manifests itself only in the process of interaction
between members of specific ecological systems in the
form of interaction among phenotypes [2]. The balanced
management of the phytosanitary state of agroecosystems
facilitates the stable production of high-quality and environ-
mentally safe products [3]. Any agroecosystem is a totally
new environment, which changes the species composition
and structure of animal communities, and most of all it influ-
ences insects [4]. The predominance of a single plant
species over a large area creates favorable conditions for
the multiplication of phytophagous insects and determines
their feeding specialization [5]. Besides causing direct
damage to agricultural plants while feeding on them, phy-
tophagous insects can be vectors of viral infections. A high
number of insect vectors in combination with optimal
weather conditions for the overwintering and further devel-
opment of imagines are the main causes of the damage
inflicted by plant viruses on agricultural crops [6]. The pota-
to ladybird beetle is the most dangerous pest of potato in
the Russian Far East. The insects appear on plants at the
germination stage and remain in the fields until harvesting
[7]. H. vigintioctomaculata is a vector of the potato viruses
that might lead up to a 60% yield loss. Viral infection accu-
mulates over time and can be transmitted to the next gen-
eration of plants via tubers. This results in the degeneration
of a given potato variety and might decrease its yield by 30-
80% [8, 9]. Moreover, it has been discovered that phy-
tophagous insects prefer to feed on diseased plants more
often than on non-infected ones [10-13]. However, there
are very few studies on the role of plant viral infection in
inhibiting the immune response of potato plants to the
damage caused by leaf-eating pests; the available data has
a fragmental character. This determined the goal of our
research.

Materials and methods

The research was conducted in an experimental field of
FSBSI “FSC of Agricultural Biotechnology of the Far East
named after A.K. Chaiki” in 2020-2023. The following vari-
eties of Russian and foreign breeding origin was used in the
experiment: Belmonda, Sante, Dachnyi, Yantar', Avgustin,
Yubilyar, Kazachok, Red Lady, Labella, Queen Anne,
Laperla, Smak, Lilly, Arktika, Svitanok Kievskii, Nakra,
Dal'nevostochnyi, and Severnyi. Over the four years of our
research, the potato varieties were planted in the same
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experimental field and the planting material was not
renewed but harvested from that location. The research
assessed the progression of plant viral infection and the
degree of the damage caused by the potato ladybird bee-
tle to potato plants. The progression degree of plant viral
infection was evaluated by the number of plants with symp-
toms from the total number of the studied plants (%) at the
end of the germination stage, at the stages of bud develop-
ment and flowering, and before harvesting. The 10-point
scale established by the International COMECON List of
Descriptors for Tuberarium (Dun.) Buk. species of the
genus Solanum L. for evaluating virus resistance was used
to assess the disease progression on particular plants [14].
The degree of the damage caused by Henosepilachna vig-
intioctomaculata to potato plants was evaluated according
to Vilkova (2023) [15]. Potato variety Arktika was used as
the standard because phytophagous insects preferred to
feed on it.

RT-PCR was employed to check all the plants in the sam-
ples for viral infection. The presence of certain plant virus-
es in the samples was analyzed by one-step RT-PCR with
fluorescent detection in real time using a QuantStudio 5
amplifier (Applied Biosystems) and commercial kits
“Potato Virus X. Y. M. L. S. A - PB” (Syntol Lic), the
Phytoscreen series, designed for the identification of PVX,
PVY, PVM, PLRV, PVS, PVA, and PSTVd [16, 17]. The statis-
tical processing of the research results was performed with
Pastv.4.03 [18, 19]. The experimental data were visualized
using MS Exel.

Results

Mixed viral infection (viruses from mosaic group: PVY,
PVX, PVA, PVS, PVM; potato leaf roll virus, and potato spin-
dle tuber viroid) was found in an agroecosystem of the
potato field in Primorsky kray [20].

Our research established that the amount of plant viral
infection increased in potato plants with each subsequent
generation when potato was planted in the same field and
the harvest of the preceding year was used as planting
material. The epidemiological significance of the spread of
plant viruses via tubers is determined by the fact that even
a low initial amount of infection in seeds can increase
through the multiplication of plant viruses in tubers and
seeds with the successive transfer of those viruses to other
plant parts. The transmission of plant viruses via potato
tubers is important for the environment as well because it
allows viruses to survive in the time between growing sea-
sons [21]. According to our data, viral infection accumulat-
ed in potato tubers with each growing season —the average
degree of the damage caused to the studied potato vari-
eties was 1.1in 2020 and 3.6 in 2022. Over the three years
of our research, the influence of infected plant material on
the manifestation of plant viral infection was the highest in
potato varieties Belmonda, Sante, Dachnyi, Yantar’,
Avgustin, Yubilyar, Kazachok, Red Lady, Labella, and
Queen Anne. The degree of damage increased with every
growing season. The progression of plant viral infection
decreased slightly on varieties Laperla, Smak, and Lilli in
the second year of the research compared to 2020 and
then increased drastically in 2022. Variety Belmonda dis-
played very few visual symptoms of plant viral infection in
2020; however, the performed PCR discovered latent viral
infection in the tubers and other plant parts of this variety.
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Fig.1. Progression of plant viral infection on the studied potato varieties (on a point scale) [22]
Puc.1 lNoepexdeHue copmoe kapmoghesisi ghumoesupycHoli uHghekyuel (oyeHka 8 basnax) [22]

The same results were obtained for varieties Avgustin and
Red Lady. Thus, the plant viral infection accumulated in
tubers and led to an increase in the number of plants with
visual symptoms in every subsequent growing season [22]
(Figure 1). Our data are in agreement with the findings of
Lapshinov N.A. (2010), whose field experiments demon-
strated that viral infection accumulated in subsequent plant
generations in most cases. For example, the degree of the
damage caused by PVY, PVX, and PVM to potato plants in
his research increased by 0.4-3.8% compared to the pre-
ceding year [23].

The manifestation of viral infection on potato leaves
depends on the resistance of a particular variety.
Susceptible varieties develop localized and systemic symp-
toms due to the multiplication and spread of viruses inside
plants. Tolerant genotypes show very weak or no visual
symptoms. The result of an interaction between a plant
virus and a plant depends on the potato genotype, the envi-
ronment, and the strain of the virus. Potato varieties have
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different genetic bases, which produce different responses
to viral infection [24].

Itis well known that viruses are transmitted from diseased
plants to healthy ones mainly by insect vectors [23, 21].
Infected plants are able to affect the behavior of insect vec-
tors and make pests to feed on their diseased tissues more
actively. The behavior of viral vectors and their choice of fod-
der plants depend both on the visual and attraction signals
of plants [21]. According to our data, the potato ladybird
beetle is the main vector of potato viruses in Primorsky kray
[25]. It should be noted that that potato ladybird beetles did
not choose potato plants of variety Belmonda for feeding in
the first year of our experiment. The lesions caused by the
pest were rarely found on plant tissues and the symptoms of
plantviral infection were observed only around the bites. The
degree of the damage was 4.5 points on varieties Smak,
Yubilyar, and Yantar’, and 3.2 points on variety Laperla.
These varieties had the most advanced progression of viral
infection as well (Figure 2).
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Fig. 2. Manifestation of plant viral infection on the studied potato varieties and the degree of insect damage (2020)
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Plant viral infection accumulated in potato tubers over
the second and third year of the experiment (2021 and
2022). As a result, the number of plants with visual symp-
toms of viral infection increased and the immunity of plants
reduced. Thus, the inhibition of the immune response of
potato plants to the damage caused by the potato ladybird
beetle was observed. Even those potato varieties that ini-
tially had not been preferred by the pest became more
attractive for the phytophagous insect in successive years.
For example, variety Belmonda did not display any symp-
toms of plant viral infection in 2020 and was not preferred
by the pest in 2021. However, the potato ladybird beetle
was observed to actively feed on variety Belmonda after the
progression of mixed viral infection reached two points dur-
ing the growing season of 2022. The potato ladybird beetle
did not feed on varieties Svitanok Kievskii, Nakra,
Dal’'nevostochnyi, and Severnyi in 2022 and these varieties
were found to have only latent viral infection. The control
variety Arktika had a damage degree of three points (Figure
3). In 2023, there were visual symptoms of mixed viral
infection on plants and their immunity to phytophagous
insects, particularly to the potato ladybird beetle, reduced.
The progression of plant viral infection on variety Svitanok
Kievskii reached four points and the degree of the damage
caused by the potato ladybird beetle was 1.2 points. Viral
infection progressed to about two point in varieties Nakra
and Severnyi and the damage degree was about one point.
Variety Dal'nevostochnyi was the least susceptible to plant
viral infection and the degree of the damage caused by the
phytophagous insect was minimum as well (Figure 3).
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Fig. 3. Progression of plant viral infection and the degree of the
damage caused by phytophagous insects in 2022 and 2023
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To verify the correlation between a decrease in the
immune response of potato plants to the damage
caused by leaf eating insects and an increase in the
amount of the plant viral infection accumulated in
those plants, we performed a correlation analysis
according to Pearson. The Pearson correlation coeffi-
cient was 0.6873 demonstrating a high positive corre-
lation, which revealed a tendency for the degree of
the damage caused by phytophagous insects to
increase depending on the amount of viral infection in
potato plants. This was confirmed by a high coeffi-
cient of determination (0.4724). This might be con-
nected to the activation of specific protective mecha-
nisms, which in their turn affect the concentration of a
virus in the organs of a host plant [26]. Viral infection
significantly changes the metabolism of plants and
reduces their photosynthetic activity suppressing the
carbohydrate metabolism and other metabolic
processes. Chloroplasts degrade, change, or are
aggregated due to viral infection; this leads to the
destruction of chlorophyll or its non-involvement in
the synthesis. The degree to which photosynthesis is
suppressed depends largely on the disease progres-
sion and the characteristics of a virus strain and a
host plant as well as the environmental conditions
[27]. When a plant is infected, a coordinated interac-
tion of regulatory signal pathways can be observed.
This results in the expression of resistance genes and
the strengthening of plant protection against
pathogens. Studying the mechanisms of antiviral pro-
tection in plants has shown that when an infection is
present these mechanisms activate the genes that
produce PR proteins, which are the proteins related
to pathogenesis. The accumulation rate of PR pro-
teins depends on the character and degree of the
damage caused to plants. Some PR-proteins such as
proteinases and p-1.3-glucanases facilitate the infec-
tion of plants by viruses. Other PR-proteins such as
the inhibitors of proteinases, ribonucleases, and per-
oxidases, effectively protect plants against viruses
[28]. The properties of viruses, their response to the
presence of resistance genes in plants, and the inter-
actions among vectors as well as the combination of
the abovementioned factors in the epidemiological
structure form the conception of plant viral infection
management [26].

Thus, our research discovered a decrease in the
immune response of potato to leaf-eating insects due
to the accumulation of plant viral infection without the
renewal of planting material. The planting material
was not renewed in our experiment and the concen-
tration of plant viruses rose in an agroecosystem
increasing the amount of additional plant viral infec-
tion and facilitating the secondary infection of potato
plants. The plant viral infection inhibited the immune
response of potato plants to the damage caused by
leaf-eating insects. As a consequence, the varieties
that had not been susceptible to pests became less
resistant to phytophagous insects. All these factors
might be counted among the causes of the develop-
ment of epiphytotic situations.
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Bknad asmopos: Kyareuosa M.A.: koHuenTyanusa-  AKTyarnbHocTb. ExerogHo EBponeiickimm cTpaHamu nepecMaTpuBaeTcsl CNMCOK paspeLleHHbIX K
LNsi, Hay4HOE PYKOBOACTBO MeCrefoBaKmeM, Buinon-  MPVUMEHEHNI0 NeCTULIMAOB M BBOAMTCA 3anpeT Ha MCMonb3oBaHne MHOrMX U3 HUX. Bmecte ¢ Tem
NOBbILLEHWE UHTEHCUUKALMM CENbCKOTO X03AMCTBA NPUBOAMT K 3arpsAA3HEHUIO NOYBbI OCTaTKaMm
necTULMAOB, YTO HECeT Bpep Kak OKpyXatollen cpede, Tak U 300POBbLI0 YenoBeka. B atoi cBAsm
pacTeT aKkTyanbHOCTb NPUMEHeHUsi GuonpenapaToB U GUOCTUMYNATOPOB B PaMKax KOMMNMEKCHOM
60pbL06bI ¢ GonesHAMM U BpeaUTENSAMM AN 06ecrneyveHnsi IKoNornyeckon 6e3onacHoOCTH.

/in3 pesynbTaToB, HamAcaHne-peleHsnpoBaine U Nertogonorus. B 2023 rogy 6bin 3anoxeH NoneBom ONbIT Ans OLEHKN 3¢h(heKTUBHOCTU COBMECT-

HeHWe unccnenoBaHua, aHanu3 pesynbtaToB, Hamnu-
CaHue-peLieH3npoBaHne U pegakTupoBaHue pykonu-
cu. Ykonosa A.10.: BbINOMHEHWE UCCNEA0BaHMS, aHa-

peAakTupoBaHu1e pykonucu. Horo npumeHenusi coyHruumaa Mandmn (maHkoue6 800 r/kr) n 6uocdbyHrmumpa Arar-25K (metabo-
nuTbl wWramma Pseudomonas aureofaciens) ¢ GuoctumynsTopom Jkcenlpoy (aKCTpakT Bogopoc-

KoHeghbnukm uHmepecoe. ABTOpbI 3asIBMSOT newn Ascophyllum nodosum) B 6opb6e ¢ (hMTOPTOPO3OM U anbLTEPHAPUO30M Ha BOCIPUMMUYUBOM

0B OTCYTCTBM KOHMKTA MHTEPECOB. K (bx;ocb'roposy copTe kapTodens Ap13oHa U BOCIPUMMYMBOM K anbTepHapro3y copTe KapTode-
ns Anyarr.

Pesynbtathl. B BapuaHTax COBMECTHOrO NPUMEHEHUs (DYHFMLUAOB C OMOCTUMYNSATOPOM
Okcenlpoy, 0TMeYanochb 4OCTOBEPHOE CHUKEHWE MHTErpanbHOro nokasarens pasBuTus GonesHu,
[I0CTOBEPHOE CHIKEHUSA pa3BUTUS 3a60neBaHui No CpaBHEHUIO C BapUaHTaMy NPUMEHEHHUS Torb-
HECKUMM 11 XIMUIECK/MM (YHTUUMAAMM ANIA KOHTPONA ko (hyHrMLMAOB COMO, O YeM CBUAETENLCTBYIOT AaHHbIe GUONOrMueckol 3dthekTuBHOCTU. B
utodpToposa  anbTepHaposa Ha kaprodene. Osowu  onbiTe GbINO BRepBble NOKa3aHo, YTO NpUMeHeHne BuocTumynsaTopa Akcenlpoy ¢ npenapatamm
Poccuu. 2025;(3):83-89. https://doi.org/10.18619/2072-  MaHdoun n Arat-25K noBbIwaet ux 6uonornyeckyto adh(heKTMBHOCTb Ha YCTOMYMBBIX K hutodTo-
9146-2025-3-83-89 po3y ¥ BOCMPUMMUMBBLIX K anbTepHapuo3y coptax Ao 12%, JONOMHUTENLHO NOBLIWAET YpoXau-
HoCTb Ha 1,5-3,5% 1 geMoHcTpUpyeT pocT ToBapHOCTH Kiy6Hen Ha 1-3%, 4To CBMAETENLCTBYET O
TOM, JKkcenlpoy NoBbIWaeT MMMYHHbIA CTaTyC pacTeHUi, NPeaoTBpaLlas UX 3apaxeHue anbTep-
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ABSTRACT

Relevance. Every year, European countries review the list of approved pesticides and ban many of
- o = ) them. At the same time, increased agricultural intensification leads to soil contamination with pes-
results, writing, reviewing and editing the manuscript.  ticide residues, which is harmful to environment and human health. In this regard, using of biolog-
Ukolova A.Yu. carried out implementation of the study,  jcal solutions and biostimulants in the framework of comprehensive disease and pest control to
analysis of the results, writing, reviewing and editing the ~ ensure environmental safety is growing.

manuscript. Methodology. In 2023, field experience was established to evaluate the effectiveness of combined
use of fungicide Manfil (mankozeb 800 g/kg) and biofungicide Agat-25K (metabolites of the
Pseudomonas aureofaciens strain) with the biostimulator ExcelGrow (Ascophyllum nodosum
algae extract) in the control of Phytophthora and Alternaria on susceptible to late blight potato cul-
tivar Arizona and susceptible to early blight potato cultivar Aluett.

Results. In the variants of combined use of fungicides with the ExcelGrow biostimulator, there was
For citation: Ukolova AYu., Kuznetsova MA. Use of 3 significant decrease in the integral indicator of disease development, a significant decrease in the
biological and chemical fungicides and biostimulators for  development of diseases compared with the variants of using only fungicides solo, as evidenced
potato protection against early and late blights. Vegetable by the data of biological efficacy. In the experiment, it was shown for the first time that the use of
crops of Russia. 2025;(3):83-89. (In Russ.) the ExcelGrow biostimulator with Manfil and Agat-25K preparations increases their biological effec-
https://doi.org/10.18619/2072-9146-2025-3-83-89 tiveness on late blight resistant and susceptible to early blight varieties by up to 12%, additional-
ly increases yields by 1.5-3.5% and demonstrates an increase in the marketability of tubers by 1-

. 3%, which indicates that ExcelGrow increases the immune status plants, preventing their infection
Received: 10.03.2025 with Alternaria.
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BBepgeHue

KapTocbenb 3aHMMaeT TpeTbe MecTO cpeau MpoAOBOfb-
CTBEHHbIX KyNnbTyp B MVpeE, MO3TOMY €ro noteHuman mrpa-
€T TaKyl BaXkHyH poflb B MPOAOBONLCTBEHHON Ge3onacHocTu
MHormx ctpaH [1]. OgHako, Gonblloe KonM4ecTBO uTonarTore-
HOB CMOCOOHbI CyLLECTBEHHO MOBMUSATL Ha NPOAYKTUBHOCTb Y
YPOXaMHOCTb 3TOW KynbTypbl. Hanbonee BaxHbIMU GonesHAMM
KapTodens, Ha KOoTopble NPUXoANTCA nofasnsoLee 60MbLINH-
CTBO 3aTpaT u ycunuii no 6opbbe ¢ HUMK B 30HaX YMEPEHHOTO
kKnumaTa, SaBnsTCA  GUTOPTOPO3 U anbTepHapuoas.
3aboneBaHus nopaxaroT Kak HaA3eMHYH 4YacTb PacTeHWUN, CHU-
Xasi aKTMBHOCTb (POTOCMHTE3a, Tak U OKa3biBalOT HEraTMBHOE
BMMSIHWE Ha KAYeCTBO U NEXKOCTb KNybHen. AnbTepHapro3 Kap-
Tohens, Bbi3biBaeMblli Alternaria solani Sorauer, cnocobeH CHu-
3uTb ypoxarnHocTb 0 30 % [2]. 3aTpaTbl Ha 60pbby ¢ huTOodTO-
po3oM kapTodens , Bbl3blBaemMoro oomuuetom Phytophthora
infestans (Mont.) de Bary, nopow cnoco6bHbl gocturatb 3—10
MUNNMapaoB AONNapoB B rof, BKMAYasd npsMble Notepu ypo-
Xas 1 3aTpaTbl Ha 60opbby ¢ 6onesHamu [3]. B nocneaHue rogpl
duTOPTOPO3 CTan NPOosBNATLCA HEOOblMaMHO paHO — YyXxe Ha
dase nosiBNeHMs BCXOOOB B HEKOTOPbIX pernoHax Poccuu, c
nocnegywowum OypHbIM pa3BUTMEM B Nepuos Beretauuu.
dutodTopo3 ctan Gonee yCcTONYMBBIM U MO3ITOMY MPUBbLIYHBIE
paHee Mepbl 60pbObl C HUM CEroAHsl TEPSIIOT CBOK aKTyalb-

HOCTb 1 3PEKTUBHOCTb - HYXXHbl HOBbIE PELLEHUS.

CerogHsi pbIHOK CpefcTB 3aluTbl pacTeHWi NpeacTaBreH
LUMPOKMM acCOPTUMEHTOM XMMUYECKMX MpenapaToB, OOHaKo,
pacbl Bo3byauTeneln 3aboneBaHuin ctanm 6onee arpeccuBHbIMA
N YCTOMYMBBIMU K XMMUYecknM obpaboTkam, n3-3a Yero cenbxos-
Npon3BOANTENSAM NPUXOAUTCS NMPOBOAUTL OOMbLUEE KONMMYECTBO
06paboToK B CE30H, COKpallas MHTepBarnbl Mexay HUMK, nnbo
yBeNMYMBaTb JO3MPOBKU PyHrMUMaoB. Takke arpapum GoproTcst
C JaHHOM NpobnemMoi, BbICTpanBasi CUCTEMyY 3aLuThl KapTodens
Takum 06pa3oM, 4YToGbI B HEl YepeaoBanuch OyHrMUMaHbIE npe-
napaTbl pa3Horo MexaHvuama gencTeus. Ho, k coxaneHuto, noBbi-
LLEeHWE UHTEHCUMUKALIMM NPUBOAMUT K 3arpsa3HEHMIO NoYBbI OcTaT-
KaMn necTuuMaoB, pacTeT Bped Kak ONs OKpyxatollen cpenebl,
Tak U Onsa 300poBbs YernoBeka. ExxerogHo EBponerickoe areHT-
cTBO no 6He3onacHoCTM NULLEBLIX NPOAYKTOB nepecMaTpuBaeT
[OMyCTMMble MakcumarbHble OCTaTOYHble KonuyecTBa Ansd
necTUUMAOB B NMOYBE M FOTOBOW NPOAYKLMN B CTOPOHY CHUXEHWS
u3-3a npobnem co 300pOBbEM, BO3HMKaKOLWMX B pesynbTarte
OLIEHKW pUcka nectnumaos [4,5] 1 xanob co CTOpOoHbI NoTpebuTte-
nen CenbCKOXO3SINCTBEHHOW MpOAYKUWMW, KOTOpble cyMTaloT
necTuuuabl yrpo3on Ansi CBoero 300poBbs. B 6nvkanwee gecs-
TUNETNE OXWAAETCA Cepbe3HbIl MEPECMOTP Cnucka paspeLueH-
HbIX K MPUMEHEHUIO NECTULMOOB M 3anpeT Ha WUCMOfb3oBaHWe
MHOMMX U3 HUX B cTpaHax EBponbl [6]. B cBs3n ¢ atum pacteTt
aKTyanbHOCTb NpMMeHeHUs GruonpenapaToB 1 GMOCTMMYNSTOPOB
B pamKax KOMMeKcHon 6opbbbl ¢ BpeauTenamu ans obecneye-
HMa akonormyeckonm 6GesonacHocTn. OpHako, 3EMEKTUBHOCTb
Buonornyecknx cpeacTB Yalle Bcero Hke B 6opbbe ¢ putodto-
pO30M, YEM XMMWYECKMX CPEACTB 3aluTbl. Takas TeHAeHUMs
onpegenuna HanpasneHne NCcrneaoBaHNi Mo U3YYEHUO CPaBHU-
TenbHOM 3PPEKTUBHOCTN NPUMEHEHNS DYHMMUMOHbBIX npenapa-
TOB COBMECTHO C OuonpenapaTtamu.

MaTepuanbl n MeToAabl:

OnbIT NpoBoaMncst Ha OBYX copTax KapTtodens, oTnuyato-
LUMXCA MO YCTOMYMBOCTM K (PUTO(TOPO3Yy U anbTepHapuosy:
copT Apu3oHa (BocnpumMmM4yMB K UTOPTOPO3Y, YMEPEHHO BOC-
NPUUMYUB K anbTepHapro3dy) n AnyaTT (yCTonumnB k utodTopo-
3y, BOCMPMUMYMB K anbTepHapunosy).
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Xumundeckme n buonorudeckme Cpeactsa, NpUMEHsieMble B
onbITe: KOHTaKTHbIN pyHrMuma Mandun 80 CIT (g.B. MaHkoue®,
800 r/kr) oT nponssogutens Indofil Industries Ltd (MHamsa) ons
3awmTel kaptodensa ot duTodTOpOo3a M anbTepHapuosa, a
Takke 6uonpenapat AraT 25K Ha ocHoBe MeTabonMTOB WTaMma
Pseudomonas aureofaciens H16 (BKM B-2433 [1) onsa 3awuthbl
kapTodens ot dutodTopo3a un anstepHapnosa.(O00 «3gHay,
Mocksa, Poccus). B coctaB npenapaTta Takke BXOAUT KOMMIEKC
CTUMYNATOPOB POCTa, TaKMX Kak WMHOOM-3-yKCycHasi KucnoTa
(NYK), a-anaHuH, a-rnyTaMmMHoOBasi KUCNoTa, a Takke cbanaHcu-
pOBaHHasi CMeCb MUKPO- U MaKpO3/1eMEHTOB, aBTONM3aT Npopo-
CTKOB COM, 3KCTpPaKT XBOW, W XNOpodunn-kapoTMHoBasi nacra
xBou. B kayectBe GuocTumynsTopa pacTeHui AN akTuBauuu
COBCTBEHHOrO MMMYHUTETA pacTeHWI NCNofb30Bany npenapaT
Okcenlpoy (oT komnaHun «Agamay, Mapannb) Ha OCHOBE 3KC-
TpakTa Bogopocnu Ascophyllum nodosum.Bcero 6Obino npose-
[OeHo 6 3almMTHbIX 06paboTok ¢ nHTepanom 7-10 gHen , nepeas
obpaboTtka cocTosinack 29 umoHa 2023 r — B a3y hopmmpoBa-
HMS Moyek, Janee NPOBOAMIUCH elle [Be — C UHTepBanom 7

OHEen.
OnbiT 3anoxeH B 2023 rogy Ha OMNbITHOM morne
Bcepoccuiickoro  Hay4YHO-MCCNeaoBaTenbCKOro  MHCTUTYTa

dutonatonorun (BHUN®, Mockosckaa obnactb, Poccus).
lMoyBa OMbLITHOrO y4yacTka -4epHOBO-NOA30NNCTasA, CpeaHecy-
rmuHnctada, pH=5,35 ¢ copepxaHnem rymyca 4,3%.
CopepxaHue GuoreHHbix anemeHToB: P2Os = 1062 mr/100 r
nousbl); K20 = 503 mr/100 r noussbl); Mg = 2,17 mr/100 r noyBsbl);
CaO = 10,1 mr/100 r nouBbl. O6paboTka NoYBbI COOTBETCTBOBA-
na oOLenpuHATOM B NpPaKTUKe BblpallMBaHUs kapTodens u
BKItoYana: 3s6neByl0 BCnallky, AMckoBaHue, rmyboky obpa-
60TKy Mo4YBbI, MpegnocagoyHoe copmupoBaHne 60po3a u
okyunBaHue. OceHblo B NOYBY BHOCUIM OpraHudeckoe yaobpe-
HVe B BMAe nepenpeBLIero KypnHoro opraHM4eckoro KomnocTa
B konunyectee 70 T/ra, a nepen nocagkow kaptodenst BHOCUN
HeopraHunyeckoe ynobpenve NPK (Hutpoammodpocky) 16/16/16
B HopMe 60 «kr/ra. PacyeT konuyectBa BHOCUMMbIX yA0OpeHUN
OCYLLECTBNANCSA HA OCHOBE [aHHbIX O COAEpPXaHUW 3reMeHTOB
nMTaHnsa B Nnoyse onbITHoro nons BHUN®, nonyyeHHbIX B arpo-
XUMmUYeckon nabopartopumn, a Takke Ha OCHOBE MHGOPMaLK O
nnaHnpyemMom u pakTM4eckoM ypoxae 3a nocrnegHvie Heckosb-
Ko net. Pac4ét no3s ynobpexun npoBoguncsa 6anaHcoBbIM MeTO-
nom, paspabortaHHbeim LWatunoseim WN.C. (1987 r.) [7] n
KatomoBbim M.K. (1989 r.) [8] B koHLEe Masi 1 MOHE MPOBOAWMMUCH
oHoBble 06pabOTKM NPOTMB COPHOW PacTUTENBHOCTU Mpena-
patom 3eHKop (a.B. MeTpnby3unH) B Hopme pacxoga 0,6 n/ra un
npenapatom bokcep (a.B. npocynbdokapb) B Hopme pacxoaa 2
n/ra. Takke Obina npoBegeHa ogHa MHCEKTULMAHas obpaboTka
nons npenapatoM AkTapa (4.B. TMaMeTOKCaM) B HOPME pacxo-
na 0,06 kr/ra.

Mocapka kapTodens npoBegeHa 5 mas, ybopka ypoxas — 20
aBrycrta Bpy4Hyt. OnbITHblE AENSHKM Nowaabo no 42 M2 6binm
pa3MeLleHbl paHgoMu3npoBaHHO. CxeMa onbiTa cocTosina u3 5
pasfMyHbIX BapMaHTOB 3aLUMThI, KaXObli BapuMaHT Obin caenaH
B 4 nNoBTOpHOCTAX (Tabn. 1). HopMbl NpumeHeHns npenapaTos,
ucnone3yemble ans obpabortok: MaHdwun 1,6 n/ra; Arat-25 140
r/ra; Qkcenlpoy 1 n/ra.

[N oueHKn anHaMuKn passuTus prutodpTopo3a 1 anbLTepHa-
pro3a NpPOBOAMIUCL pErynsipHble nornesBble obcrnenoBaHus,
HaurHas ¢ 29 noHa no 15 aerycta. OueHKy AVHaAMWKN pa3BUTUSA
3aboneBaHus NPoOBOAUNN MO LuKarne bputaHckoro Mukonoruye-
ckoro obuiectBa [9]; Ha OCHOBaHUWM MOMYYEHHbIX AaHHbLIX MO
mMeTody MaTemaTuyeckux mogenen [10] paccuuTbiBanu nno-
Wwaab nopg kpveow - nokasatens AUDPC [11]. YpoxalHOCTb
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Tabnuya 1. Cxema nposedeHust 3aujumHbix 06pabomok
Table 1. Scheme of protective treatments

BapuaHTt 1 2 3 4 5 (KoHTponb)
1 '(a;g%%’?zag;;)“a MaHdoun MaHdun Arart-25 Arat-25 -
2'?5'5%67’?;320;)“ MaHdun Mandun + Skcenlpoy Arat-25 Arat-25+ Qkcenlpoy -
3'(2' 2‘?3;’?2%‘2’;')(3 MaHdun Matndun + Skcenlpoy Arat-25 Arat-25+ Qkcenlpoy -
4'?2"0%67?;(?20?;")“3 MaHdun MaHdun + Skcenlpoy Arat-25 Arat-25+ Okcenl poy -
5'?2"7%67’_)2320?;")'(3 MaHdun Matdun Arat-25 Arat-25 -
6-an 0GpatoTka MaHdun MaHdun Arat-25 Arat-25 -

(07.08.2023)
lMo2o0HbIe ycrosusi ce3oHa 2023 ompaxkeHbl 8 mabi. 2.

Tabnuya 2. Memeoponoau4eckue daHHble nepuoda eezemayuu 20232. (no daHHbIM MemeocmaHyuu BHUN®, Mockoeckasi o6nacme)
Table 2. Meteorological data for the vegetation period of 2023. (according to the weather station of RRIP, Moscow region)

Mecsu/pgekapa
nokasarenu Anpenb Man UtoHb Uonb ABryct
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Temnepatypa Bo3gyxa, °C
CpeaHe-MHoronetHas 3,2 52 8,1 11,2 122 139 153 164 174 177 185 184 179 164 150

CpeaHee 58 12,6 16,3 18,2 16,4
Tekyuiero roga 79 9,2 11,4 6,7 13,9 14,3 13,8 17,5 17,0 19,7 16,1 17,8 225 20,2 14,9
CpeaHee 9,5 1,7 16,1 17,9 19,0

OTHOCUTeNnbHas BnaxHocTb Bo3ayxa, %
CpegHe-MHoroneTHaa 72 70 67 65 67 68 69 72 72 74 74 74 74 77 78

CpeaHee 69 66 71 74 76
Tekywero roga 75 52 44 54 57 73 65 51 72 67 76 77 68 79 81
63 62 63 73 76
Ocagku, Mm
CpeagHe-mHoronetHas 108 127 117 136 186 21,7 226 221 246 260 272 234 196 246 237
Cymma ¥.35,1 ¥53,9 ¥69,3 Y.76,6 ¥67,9
Tekywero roga 17,3 37 1,0 11,7 2,7 31,8 18,2 0,1 59,3 18,0 498 498 0,3 27,7 26,7
Cymma 22,0 46,2 72,6 117,6 54,7

KynbTypbl ONpeaensnu cpasy nocre pyyYHon yOopKku OensiHOK.
CTaTUCTUYECKMIA aHanu3 MOMyYeHHbIX OaHHbIX MNPOBOAMIICA
meToaom ancnepcroHHoro aHanmda ANOVA no Jocnexosy [12]
Cc [poBeputenbHbIM UMHTepBanom 95%. Bce pgaHHble (kpome 120
OnHaMUKN pa3BuTus uTogTopo3a) NpuBedeHbl C COOTBET- 100
CTBYIOLMMU 3HAYEHUSMU HaVMEHbLUEN CyLLeCTBEHHOW pa3Ho-

s 80
ctn (HCP 0,95). Bronoruyeckyto aheKTUBHOCTb UCTbITAHHBLIX =) Z
2 il
CXeM 3aLLuThbl oLeHuBanu no gopmyne 366otTa [13]. g
2 40
§
Pe3ynbTaTthl u ob6cyxaeHue g 20
MorogHble ycnosusi ce3oHa 2023 roga (1abn. 2) 6binm 6naro- 0
NPUATHBIMW ANst pa3BuTUS UTOGTOPO3a 1N XapaKkTepM3oBanmchb 29.06 06.07 12.07 20.07 26.07 01.08 08.08 15.08
pesk/MK nepenagamu TemnepaTtypbl U BMaXHOCTWM B Hadvane
BeretauynMoHHOro nepuoga, a Takxke 0BUNbHBLIMU ocagkaMun B =+— 1. Mandmn (1.6 kr/ra) (6 obp.)
WIOHe 1 1ione, Bce 3TO CrocoBCTBOBAMNO PaHHEMY U aKTUBHOMY —8—2. Mandmn (1,6 kr/ra) (6 06p.) + Dxcenrpoy (1 n/ra)(3 obp.)
—&—3. Arar-25 K (140 r/ra) (6 o0p.)
pa3BuTuio 6onesHu. 4. Arar-25 K (140 r/ra) (6 0o6p.) + Dxcemrpoy (1 w/ra) (3 o6p.)
Bce aTo npvBeno k paHHUM nposiBrneHusM putodTopo3a Ha
BOCMPMUMYMBOM K HEMY copTe kapTodenst ApusoHa (nepsble
nposiBneHns 6onesHn ObINM oTMeYeHbl yxke 29 MIOHS B KOHTPO-
ne). B nepBoii fekage uons ypoBeHb 3apaxXeHnsi KOHTPOJIbHbIX Puc. 1. Qunamuka pazeumus gpumogbmopo3sa
acTeHu coctaBun 20%, a kK TpeTbel aekane yxe 85%, B nep- Ha ONLIMHLIX OENAHKAX copma Apusora
P ' 0 p Aekaney 0 p Fig. 1. Dynamics of Late Blight development
BOW Aekage aBrycta aToT nokasatenb goctur 100% (puc. 1). B on experimental plots of the Arizona variety
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CBSI3U C 3TUM JAMHaMuKa pPasBUTUSA NIMCTOBOW MATHUCTOCTM Ha
copte ApusoHa obecneyvnBanacb TOMIbBKO MaTOreHoMm
Phytophthora infestans.

B cnyyae copta AnyaTT, yCTOMYMBOrO K putodpToposy, HO
BOCMPMUMYMBOTO K anbTepHapuosy, 3a BeCcb nepuog Habnoae-
HUA He ObINo 3ahMKCMPOBAHO 3apaXeHUs NMCTbeB PUTODTO-
po, B TO BpeMs kak Habnoganocb akTUBHOE pa3BuUTUE anbTep-
Hapun. [NepBble NPOSIBNEHUs anbTepHapro3a B KOHTPOJIbHOM
BapuaHTe Habnwopganuce 20 wuons (puc.2). Takum obpasom,
natoreH Alternaria solani 6bi1 €AMHCTBEHHBIM (DaKTOPOM, Cro-
COGCTBOBABLUMM MOPAXEHWIO NUCTBEB AaHHOro copTta NATHU-
CTOCTbIO.

40
30
20

10

[lopakenuocts, %

29.06. 06.07. 12.07. 20.07. 26.07. 01.08. 08.08. 15.08.

=+ 1. Mandun (1,6 xr/ra) (6 0bp.)
~8—-2. Mandun (1,6 kr/ra) (6 06p.) + Dxcenrpoy (1 a/ra)(3 obp.)
—4—3. Arar-25 K (140 r/ra) (6 o6p.)

4. Arar-25 K (140 r/ra) (6 oGp.) + Dxcenrpoy (1 n/ra) (3 obp.)

Puc. 2. JuHamuka pa3eumusi aflbimepHapuo3a
Ha ornbImHbIX OesisiHkax copma Anyamm
Fig. 2. Dynamics of Early Blight development
on experimental plots of the Aluett variety

AHanu3 nonyyeHHbIX pe3ynbTaToB Mokasar, YTo MpuMeHe-
Hu1e dyHrumaa Mandun (4.8. MaHkoueb) He TONbKO 3agepxka-
10 NosABIIEHME NEPBbLIX CUMNTOMOB (OUTOTOPO3a Ha BOCNPUNM-
4YMBOM copTe Apu3oHa, HO 1 caepXKarno ero AanbHenwee passu-
Tne. Vicnonb3oBaHre cmecu npenapatoB MaHdwn n Skcenl poy
He okasaro CyLLEeCTBEHHOro BMMSHMSA Ha pa3BuTne 6onesHun no
CpaBHEHW0 C nNpuMeHeHwem dyHruumaa MaHdun cono.
OddekTmBHOCTL Buonpenapata AraT-25K yctynana MaHduny.
Bonee Toro, npumeHeHne Arat-25K B cmecun ¢ Guoctumynsarto-
pom 3kcenlpoy 6bino MeHee 3 PEeKTUBHBIM, YEM MPUMEHEHMNE
AraT-25K corno. Mo pacyetam AUDPC HauBbicliasi 6Guonormde-

ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

ckasi adheKTUBHOCTb Ansi copTa Apu3oHa Obina nonyveHa B
BapvaHTax npumeHeHus Mandwmn cono n MaHdun+3kcenl poy
(B3 = 62% n B3 = 66% COOTBETCTBEHHO), YTO MOXHO YBUAETb
n3 Tabn. 3.

Kak oTmevanoch Bbille, yCTONYMBBIA K PUTOPTOPO3Y U BOC-
NPUUMYMBLIA K anbTepHapuody copT AnyaTT Mokas3an nepsble
NposiBNEeHUs anbTepHapuosa B KOHTPONbHOM BapuaHTe yxe 20
vionsa. Ona BapuaHTa, 3awumieHHoro MaHdwunom, nepsbie npo-
sBneHnst 6oneaHu Gbinu 3admkcpoBaHbl 1 aBrycTa, Torga kak
npumeHeHve Arat-25K caBuHyno aTy gaty Ha 8 asrycta.
CoyeTaHune o06onx npenapatoB ¢ GuoctumynaTopom dkcenl poy
obecneynno 3HauMTemNbHY 3a0epXKy NposiBreHus 3abonesa-
HMS MO CPaBHEHMIO C UX MpumeHeHvem 6e3 Jkcenlpoy. Tak,
3aboneBaHne nposiBUIOCb Ha 6 OHEN no3gHee B BapuaHTe
MaHdun + Okcenlpoy, Yem B BapmaHTe COfbHOro NMPUMEHEHWS
MaHdwuna n Ha 7 gHen nosgHee B BapuaHTe Arat-25K +
Okcenlpoy No cpaBHEHUIO C BApUaHTOM COJIbHOTO MPUMEHEHMS
AraT-25K. Takum obpasom, AraT-25K obecneunn nyywmia ypo-
BeHb 3alUMTbl kKapTodenst oT anbTepHapuosa (96% Gronoruye-
ckon adpekTMBHOCTM), a AobaBneHve K cCxemMaM 3aluThbl
Okcenlpoy npvBeno K [OMOMHUTENBHOMY MOBBILEHUID WX
acpdekTmBHocTM (€ 83% A0 95% ona Mandwuna un ¢ 95 go 99%
ans Arart-25K).

[aHHble Mo ypoxXaHOCTM U TOBApPHOCTU COBpaHHbIX KnybHen
npeacTaBneHsl Ha puc. 3. Ong copta Apn3oHa, MakcumarnbHas
npubaBka (MO CpaBHEHUIO C KOHTporeM) Obina B BapuaHTax
MaHdpun n Mandwun + Okcenlpoy (92,7 n 95,62% cooTtBeT-
cTBeHHO). lMpupocT ToBapHoCcTW knybHew coctasun 28 n 29%
COOTBETCTBEHHO (puc. 3). MeHee acbdekTMBHON 3awuTa bbina B
BapuaHTe npumeHeHus Arat-25K, 4yTo Takke oTpasunocb M Ha
nokasatensx ypoxawmHOCTM M ToBapHoCTW. Mo cpaBHeHUO C
KOHTponem npubaBka ypoxalHoOCTM B BapuaHTe Arart-25K
coctaBuna 57,7%, B BapunaHTe Arat-25K + Qkcenlpoy — 22,3%
COOTBETCTBEHHO, TOBapHas [ons knybHen yBenuynnacb nuib
Ha 13% pnga BapuaHTa AraT-25K B CONMbHOM MPUMMEHEHUU U
Bcero nuwb Ha 3% Ans BapuaHTa AraTt-25K + Qkcenl poy.

Takum o6pasom, Ha BOCNPUMMYMBOM K OUTOTOPO3Y copTe
Apwu3soHa faHHble Bronornyeckon aEKTUBHOCTH, YPOXKaNHO-
CTW 1 TOBAPHOCTWM KINyGHEW, NoNy4YeHHbIe B BApUaHTe C npumMe-
HeHnem cyHruuuaa MaHdun, 0eMOHCTPUPYHOT €ro BbICOKYHO
3aLNTHYH 3 PEKTUBHOCTL B YCNOBUAX ANMEPUTOTUAHOIO pas-

Tabnuya 3. 3HayeHusi AUDPC u 6uonozauyeckoli aghghekmusHocmu eapuaHmos o6pabomok npomus nssmHucmocmel
Ha pa3fiu4HbIX Mo ycmoul4ueocmu copmax kapmodens
Table 3. AUDPC values and biological efficacy data in treatments with different products
on cultivars with different susceptibility to Early and Late blight

CopTt ApusoHa

Copt AnyaTT

BapuaHT
AUDPC, ep. B3, % AUDPC, eg. B3, %
Mandoun 1015 62 62 83
MaHdun + Jkcenlpoy 912 66 19 95
Arat-25K 1625 39 15 96
AraTt-25K + Qkcenlpoy 2127 21 2 99
(KoHTpons) 2685 - 363 -
HCP g5* 130 8

* HCP nocyumaHa ¢ nomouwbto cmamucmu4ecko2o memoda ANOVA.
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Puc. 3. Xo3silicmeeHHasi 3ghghekmueHoCmMb cpagHUBaeMbIX CXeM
npumeHeHusi pyHauyudoe npomue ¢pumoghmoposa kapmodgpersi;
YpoxatiHocms (HCP0,95=30) u moeapHocms (HCP0,95=3) kiy6Heli
kapmodgpesisi (copm Apu3oHa, BHUN®, 20232.).
Fig. 3. Economic efficiency of compared fungicide application
schemes against potato late blight; Yield (LSD0.95=30) and mar-
ketability (LSDO0.95=3) of potato tubers (Arizona variety, RRIP, 2023).

BUTMA GonesHn. buonpenapat Arat-25K Takke cpepxuvBan
passutre hnutoTOPO3a, XOTA MU yCTynan XMMmyeckomy qyHrum-
ungy no addektnBHocTU. Mcnonb3oBaHue GuocTumynatopa
Okcenlpoy coBMeCTHO ¢ pbyHrmumagom MaHdun cyLecTBeHHO
He YNyylwuno 3awuTHYy 3GEKTUBHOCTL GyHrMumaa, Ho
obecneunno npubaeky ypoxamHoctn (+0,8 T/ra); B TO Xe
Bpems pobaeneHne Jkcenlpoy k 6GuodyHrmumay Arat-25K
yXyALWano pe3ynbTaTbl N0 CPaBHEHWIO C BAPUAHTOM COfIbHOrO
npumMmeHeHns Arat-25K.

MpumeHeHne yHrmumaa Mandun Ha copte AnyaTT, pesu-
CTEHTHOM K pUTOPTOPO3Yy M BOCNPUMMYNBOM K anbTepHapuo-
3y, NPMBENO K HE3HaYUTENbHOMY YBENUYEHUIO YPOXKaMHOCTU
no cpaBHEHMto ¢ KoHTpornem (+ 1,4 T/ra unun + 2,5 %), B TO xe
BpeMs npumeHeHne Arat-25K obecneumno JOCTOBEPHYO Npu-
6aBky ypoxawnHoctn (+ 4,5 T/ra unm + 8,1 %). CoyeTaHue
MaHdpun + Okcenlpoy obecneunno npubaBky ypoxxanHocTu +
5,0%, a co4veTaHme AraT-25K + Okcenlpoy yBenuumno ypo-
XanHocTb Ha 11,9% no cpaBHeEHMIO C KOHTponem. lpoueHT
TOBapHOW opakumm knyoHen B koHTpone 6bin 93%, npupocT
)Ke 3TOro nokasaTens 3a CYeT NMPUMMEHEHUS Pa3fNYHbIX CXeM
3awWmThl ObIN He cnwkoM 6onbwnm (2—6%), HO 4OCTOBEPHbLIM
BO BCEX Cryyasx, 3a WCKIHOYEeHMeM OOHOKpaTHOM o6paboTku
MaHdwnnom; [OCTOBEPHOM pasHuubl MO 3TOMY MoKasaTenio
mexay BapuaHtamu Mandun + Okcenlpoy, Arat-25K n Arar-
25K + Qkcenlpoy He Habnwganocs.

MpubaBka ypoxanHoctu (8,1-57%) B BapuaHTax o6paboTku
npenapatoMm AraT-25K, Ha u3yyaembix copTax kapTodens
COOTBETCTBYET AaHHbIM Gonee paHHWX UCCneaoBaHui, B KOTO-
pbiX Npy NnpuMeHeHun Arat-25K Ha pasnunyHbiX copTax KapTo-
dens cpegHss npubaBka ypoxanHocTu BapbupoBana ot 10-
22% (Crautok n gp., 2015) [14]; (Cemenuyk, 2018) [15] mo
20-30% (Wnsaxos, MpuropsiH, 2017) [16]. Takoe yBenunyeHue
MOXHO OO BACHUTb HECKONBKUMU NpuYnHamu. MNMepBas npuymHa
— pocTperynupytoLas akTMBHOCTb 9Toro buonpenapaTta, noa-
TBEPXKAEHHAs Ha psAde KynbTyp, TakuUxX Kak, Hanpumep, cosi
[17], TonuHambByp, noaconHevHuk [18], kapTodens [19] n ap.
O6paboTtka Aratom-25K ctumynupyet 6onee akTMBHOE pas3Bu-
TV KynbTypbl, a8 3HAYNT MOXET NPUBOAUTL Kk Bonee paHHemy
NPOXOXAEHNIO pacTEHMAMU CTagui pasBUTUHA, SBNAIOLIMXCH
YS3BMMbIMU B OTHOLLEHWMW NOpaXeHns BO30yAUTENAMU MHEK-
LU 1 nopaxeHus BpeauTensamu, a Ttakke K bornee paHHemy
NPOXOXAEHNIO NEPUOAOB, XapaKTepPU3yoLUXCS NOBLILLEHHbIM
PUCKOM 3apaxeHusi, BCe I3TO CHWXaeT CTeneHb pas3BuTUA
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bonesHen Ha KynbType ¥ MOBbILAeT ee ypoxanHocTb [20].
[Opyras npuumHa — cnocobHocTe Arat-25K cTtumynupoBaTh
COOCTBEHHbIA UMMYHUTET pacTeHWi, MOBbIWas MX YCTON4YU-
BOCTb K psify 3aboneBaHui, SBAAKLNXCA NPUYUHON CHUXKEHUSA
ypoxxanHocTn kny6Hew. HakoHeu, onpefeneHHbli BKNag B
MOBbILLEHNE YPOXaWHOCTU BHECHO NPAMOE NPOTMBOrpMGKoBOe
penctene Arat-25K. OtoT acbdekT Obin noaTBEPXKAEH B paae
ny6nvkauun. Hanpumep, MapbsHOBCKUI 1 pag OpYyrvx aBTo-
poB B cBouX mccrnegoBaHusax ot 2015 roga coobwmnu, 4to
AraT-25K obGecneuymMBaeT MOLLHOE MNOAABIIEHNE HEKOTOPbIX
rpmbkoBbIX 3aboneBaHWii NOCEBOB TOMarta M nepua, Bbi3bliBae-
MbIX TakKummn naToreHamu, kak: Phytophthora infestans, P. cap-
sici, Alternaria solani, Botrytis cinerea v ap. lNpegnocesHas
obpaboTka A4YMeHs M MweHuLbl 3TUM BuonpenapaToM CHuXa-
na pasBuTME CenTopro3a 1 MOPaXeHUn pacTEeHUN KOPHEBLIMM
rHunamum Ha 40 un 56-64% cooTBeTCTBEHHO. Hukonaesa wu
Jlykmna (2022) [21] coobwwunu, 4yto obpaboTtka AraT-25K
3HaAYMTENbHO CHU3MMa BOCMPUMMYMBOCTL KapTodens K 3abo-
nesaHusaMm (c 19 go 6-7%). Ypomosa u gp. (2016) [22] oTme-
yatoT, YTo 0bpaboTka AraT-25K nossonuna cHM3nTbL 3abonesae-
MOCTb M CKOpPOCTb pa3Butua cdutodTopo3a B 3 pas3a Ha OBYX
copTax kaptogensa — Ygada n Pepg CkapnetT. B Hawwmx nccre-
[0BaHUAX BbisiBrieHHoe cHmkeHue nokasatens AUDPC, obec-
neyvBaemoe faHHbIM GuonpenapaToM, BapbupoBarno ot 40 go
96% nNponopuuOHanbHO YPOBHK  YCTOMYMBOCTM  copTa.
Vmetowasica npoTmBorpmbkoBas akTMBHOCTb AraT-25K gorkHa
obecneymBaTth Gonblumin BkNag B (QOPMMpOBaHME ypoXas U
KayecTBa KrybGHel y BOCMPUNMYMBLIX COPTOB, YTO NOATBEPAUNN
Halww pe3ynbTaThl (NpubaBka ypoxxaiHOCTK Ha 57% y 4yBCTBU-
TenbHOro Kk utodTopo3y copta Apm3oHa u npubaeka ypoxan-
HocTu Ha 8,1% y ycTonumBoro kK outodTopo3dy copta AnyaTT).
HepaBHo B onbiTax ObINO [oKa3aHO, YTO GUOCTUMYNSATOP
Okcenlpoy obecneunBaeT yBenuyeHue ypoxamHoctn (~7%)
npuv ero UCnonb3oBaHUN OTAENBHO ANA 3alUMTbl kKapTodens oT
anbTepHapro3a; B COYEeTaHWW C HEKOTOPbIMU XMMUYECKMMU
dyHrimumagammn (Mupasuc, Peyc Ton, CurHym) Okcenlpoy
yny4lan ypoxanHoCTb KapTodensa NpuMepHO B TakoW xe cTe-
nenu (7,7-8,1%) [23]. Mpwn aTom B onbiTe BnepsBble GbINo Noka-
3aHo, YTO coyeTaHue bruoctumynaTopa Akcenl poy ¢ pyHrMum-
Aamu, umerowmnmmn apdekTnBHoCTb B 6opbbe ¢ anbTepHapuo-
30M, obecneynBaeT JOCTOBEPHOE CHUXeHMe 3aboneBaemMocTu
kapTodens anbTepHapuosom (Ha 18% B BapuaHTe Mupasuc +
Okcenlpoy, Ha 11% B BapuaHTe PeByc Ton + Okcenlpoy 1 Ha
12% B BapuaHTe CurHym + Okcenlpoy) No cpaBHEHMIO C TEMU
Xe dyHrMumagamn, npumeHsembiMm 6e3 Guoctumynsartopa.
CpepnHsas npubaBka ypoXXarlHOCTW OT NpUMeHeHus buoctumy-
nstopa Okcenlpoy coctaBuna 20-22%. OTu pesynbTtaThl, a
Takxke pesynbTaTbl, NOy4YEHHbIE B HACTOALLEM MCCNEAOBAHNM,
yKasblBalOT Ha Xopowwue nepcnekTuBbl KCNoNb30BaHMWS
Okcenlpoy Anst noBbiweHnsA 3dHEKTUBHOCTH 3aLmTbl Guono-
TMYECKMMU U XMMUYECKMU PyHrMLmMaamMmn oT anbTepHapuosa.
B aTux OByx MccnefoBaHMSAX Mbl BNepBble OLEHUIU BUSHUE
obpaboTok buoctTumynaTopom Jkcenl poy B codeTaHum ¢ yH-
rMUMAHBIM NpenapaTom Ha nopasBneHve GonesHen pacTeHun.
PaboTbl, npoBegeHHble paHee ApyrMMW MCCnegoBaTensmu,
Takke MoATBEPXOalT MONyYEHHble HamMu pesynbTaTthl, Tak,
Hanpumep, NpUMMEHeHVe npenapaTta Ha OCHOBE 3JKCTpakTa
Oypbix Bogopocrniern A. nodosum, obecneyvMBano nyyllyto
3awmTy orypua ot natoreHa Phytopthora melonis. [24], npume-
HeHne npenapaTa Ha OCHOBE 3KCTpakTa BOAOPOCNEN B yepe-
[OBaHMM ¢ YHrMUMOOM Ha OCHOBE MeTarakcuna Ha Tomartax
no3Bonsano cdopmupoBaTb WHAYLMPOBAHHYI CUCTEMHYIO
yctonumeocTb (MCP) npotus Phytophthora capsica — rpubHo-
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ro sabonesaHusi TomatoB [25], a 06paboTka MOPKOBM MO Bere-
Tauuu GuornpenapataMy Ha OCHOBE 3KCTpakTa BOAOPOCHM
Ascophyllum nodosum pacTeHun, no3Bonuna 3HaynTenNbHO
CHU3UTb pa3BUTME anbTepHapno3a n cepon rumnm [26].

MonyyeHHble pe3ynbTaThl MO3BONMAT pPekoMeHAoBaTb
ucrnionb3oBaTtb AraT-25K B pervoHax, XxapakTepusyrLinxca
crnopagmnyeckuMmu annutoTuaMn utodToposa, a Takke Ha
cpegHeycTonumBblx copTax. Takke AraT-25K nokasan pgocrta-
TOYHO XOpOLYK 3alMUTHY 3PdEKTUBHOCTL B YCMOBUSAX
aKTMBHOrO Pa3BUTUS anbTepHapno3a N MoXeT OblTb PEKOMEH-
[OBaH K Ucnonb3oBaHuio Ans 6opbbbl ¢ 3TUM 3aboneBaHnem
Ha BOCMpPUMMYMBBLIX copTax. [NpumeHeHne GuocTumynsaTopa
Okcenlpoy noBbicMNo 3MEEKTUBHOCTL  3aliWUThl  Kak
MaHduna, Tak n AraTt-25K npotme dutodToposa, a Takxke
obecneynno npubasBkKy ypoxanHocTu (+ 1,8 T/ra B obomx cny-
yasix), a Takke HebomnblUOe yBenMyeHne TOBapHON pakumm
Kny6Hen.

3aknioyeHue

MpoBeaeHHOEe nccnenoBaHve NO3BOMWIIO MOMYYUTb HOBbIE
3KCnepyMeHTarnbHble AaHHble 0 OMOMOrMYeckon U 3KOHOMMU-
yecko 9(MPEMEKTUBHOCTM WCMBITAHHBIX CPEeacTB 3aluThl
pacTeHu Ha pasnuyHbiX copTax KapTodens, pasnuyarLmnx-
Cs1 MO BOCMPUUMYMBOCTU K (OMTOPTOPO3Y 1 anbTepHapmnosy.

Bbino yctaHoBneHo, uTo 6uonpenapaT AraT-25K coepxu-
BaeT passBuThe UTOPTOPO3a B YCNOBUSAX 3NUEPUTOTUIAHOIO
pa3BuTua GONesHn Ha BOCMPUUMYMBOM copTe ApM3OHa, HO
ycTynaet no 3d{EKTUBHOCTU KOHTAKTHOMY XUMMUYECKOMY
dyHrMungy Mandun. Ha yctonymsom k (outoTOpO3y 1 BOC-
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ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

BJ'I|/|$|H|/|e BUO .D.OpaCTBOPI/IMbIX =
Y[OBPEHNiA Ha YPOXAINHOCTb 4
/l XMMYECKII COCTAB Mo0B

HOBOIO copTa AblHM bannaaa ~
PE3IOME

AxtyaneHocTb. B cBfi3n ¢ yacTbiMu konebaHusiMM TeMnepaTyphbl BO3ayXa M OTCYTCTBMEM HeoOXoAUMOro
06LEMa OCafKOB AN NOBLILEHWS MPOAYKTUBHOCTM M COXPaHEHUS! KayecTBa MECTHbIX COPTOB AblHU
HeobxoAUMo pa3pabatbiBaTh ¥ BHEAPSATH B NPOM3BOACTBO HOBbIE 3MEMEHTbI TEXHOMNOMN BbIPALLMBAHMS.
Marepuan n metoguka. Matepuanom ans uccnenoBaHuiA ABNANUCHL HOBbLIN COPT AblHM Bannaaa u Bogopa-
CTBOpMMbIe YA00peHuns dHepreH JKcTpa, AkBapuH oBOLLHOM, Arpukona. [epeuncneHHble yaoOpeHus B KC-
nep1MeHTe NPUMEHSIKOTCA ANA ABYKPaTHON HEKOPHEBOI 06paboTky B NepuoAbI NeTeo6pa3oBaHus v nepes
CMbIKaH1EM nreTen (Yepe3 ABe Hepenm).

PesynbTatkl. B npouecce akcnepuMeHTa NpoBedeH CPaBHUTENbHbIA aHanu3 YpoXanHoCTU 1 Bruoxumuye-
CKOro CoCTaBa BbIpaLLieHHO npoAyKuuu. B nccneayembiin nepuog 2022-2024 roaa B pesynbTate 06paboTku
pacTeHuin BOAOPacTBOPUMbIMM yAOGPEHUSIMI HabMIOAAETCA POCT YPOXAHOCTU BO BCEX BapuaHTax Ha
11,5%-42,6% BbIwe ynctoro koHTpons. OfHaKo camblii MaKCUManbHbLIN ypoxkait 6bin nonyyeH B 2022 roay.
Jromy cnocoGCTBOBaNoO paBHOMEPHOE pacnpederneHne KoNM4YecTBa 0CaaKoB B MepUod BereTauum U He
BbICOKME TEMMEepaTypbl B Hayare pa3BuTus pacteHuit. Camas GonbLuas ypoxanHoCTb B JaHHOM rogy nosy-
yunack nocne 06paboTkM pacTeHuit npenapatoM Arpukona Ha 42,6% Bbilue KOHTPONbLHOro BapuaHTa. Mpu
3TOM CaMble KpynHbIe nnofbl (CpeAHss Macca nnopa 2 Kr) BbipalleHb Takke B 2022 rogy B pesynbTare npu-
MeHeHus npenapatoB AKBapyH 0BOLLHOM 1 Arpukona. MuHuMansHas npubaska ypoxas nonyumnack B 2024
rogy 1 coctasuna 11,5-24,6% BblLue KOHTPONS U3-3a HEGNAroNPUATHBLIX NOTOAHBLIX YCNOBUNA. B Mae He Bbina-
1o HY oaHoro Aoxas. B uione Temnepatypa npeBbILarna cpegHeMHOroneTHIe faHHbIe Ha +2,8 C°. B pesynb-
TaTe CPaBHUTENTLHON OLIEHKN GMOXMMMYECKUX MOKasaTenel camble criafkue nnofbl Obinu BbipallieHbl B
2024 rony. ConepxaHue Cyxoro BelLeCTBa BO BCeX BapuaHTax BapbvpoBanochk ot 15,2 1o 15,6% ¢ cambim
BbICOKUM MOKasaTerem B BapuaHTe dHepreH JkcTpa. MuHMManbHbIe 3Ha4YeHWsi CyXoro BeljecTBa Obinu
3acukcupoBaHbI B 2022 rofy B BapuaHTax JHepreH JkcTpa v Arpukona. MakcumanbHble 3HaueHus obLuero
caxapa nonyyeHbl B 2024 rogy B BapuaHTe SHepreH Jkctpa 13,3%, a MUHUManbHbIe B BapuaHTe AKBapvH
oBoLLHOM 12,2%. CHueHWe nokasaTenei o6Luero caxapa Taike otMeyaetcsi B 2022 rogy ¢ MakCUManbHbI-
MW 3HayeHMsIMM B BapuaHTe AKBapuH OBOLWHON 12,2%, MMHMManbHLIMK B BapuaHTe JHepreH JKcTpa.
HauGonbluee HakonneHue ackopGuHOBOI kucnoTsl 45,5 Mr% oTmeyeHo B 2022 rofy B BapuaHTe AKBapuH
OBOLLHOA, @ MMHUManbHOoe B BapuaHTe Arpukona 40,4 mr%. HauMeHbLLMe nokasatenn ackopGUHOBOA KuC-
notbl nonyyunuck B 2024 rogy. MakcuManbHble 3HaYeHWs JAHHOrO NokKasatensi OTMETUNM B BapuaHTe
OHepreH JkcTpa 33,6 Mr%, a MUHMManbHbIe B KOHTPONbHOM BapuaHTe 26 Mr%. Mokasatenu HuTpaTHOro
a3oTa B MccriegyeMmblil nepruoa Bo BCex BapuaHTax He npesbiwwan MAK-90 mrikr.

KIMKOYEBbIE CITOBA:

IblHS, BOLOPACTBOPUMbIE YA0OPEHUS, yPOXKaNHOCTh, GUOXMMUYECKUIA COCTaB.

The effect of water-soluble fertilizers
on the yield and chemical composition
of fruits of new variety of melon Ballada

ABSTRACT

Relevance. Due to the frequent fluctuations in air temperature and the lack of the necessary precipitation to
increase productivity and preserve the quality of local melon varieties, it is necessary to develop and intro-
duce new elements of cultivation technology into production.

Material and methodology. The objects of research are a new variety of melon Ballada and water-soluble
fertilizers Energen Extra, Aquarin vegetable, Agricola. The listed fertilizers in the experiment are used for
two-fold foliar treatment during the periods of lash formation and before the closure of the lashes (after two
weeks).

Results. During the experiment, a comparative analysis of the yield and biochemical composition of the
grown products was carried out. In the study period of 2022-2024, as a result of plant treatment with water-
soluble fertilizers, yields in all variants increased by 11.5%-42.6% above the net control. However, the max-
imum harvest was achieved in 2022. This was facilitated by the uniform distribution of precipitation during
the growing season and low temperatures at the beginning of plant development. The highest yield this year
was obtained after treatment of plants with Agricola, 42.6% higher than the control variant. At the same time,
the largest fruits (the average fruit weight is 2 kg) were also grown in 2022 as a result of the use of Aquarin
vegetable and Agricola preparations. The minimum yield increase was achieved in 2024 and amounted to
11.5-24.6% above the control due to adverse weather conditions. There was not a single rain in May. In July,
the temperature exceeded the annual average by + 2.8 C°. As a result of a comparative assessment of bio-
chemical parameters, the sweetest fruits were grown in 2024, The dry matter content in all variants ranged
from 15.2 to 15.6%, with the highest value in the Energen Extra variant. The minimum values of dry matter
were recorded in 2022 in the variants of Energen Extra and Agricola. Accordingly, the maximum values of
total sugar were obtained in 2024 in the Energen Extra variant of 13.3%, and the minimum values in the
Aquarin vegetable variant of 12.2%. A decrease in total sugar is also noted in 2022, with maximum values
in the Aquarin vegetable variant of 12.2%, minimum values in the Energen Extra variant. The largest accu-
mulation of ascorbic acid, 45.5 mg%, was noted in 2022 in the Aquarin vegetable variant, and the minimum
in the Agricola variant was 40.4 mg%. The lowest values of ascorbic acid were obtained in 2024. The maxi-
mum values of this indicator were noted in the Energen Extra variant of 33.6 mg%, and the minimum val-
ues in the control variant of 26 mg%. The values of nitrate nitrogen in the study period in all variants did not
exceed the maximum permissible concentration of 90 mglkg.

Keywords: melon, water-soluble fertilizers, yield, biochemical composition.
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BBepeHune
O)J,HI/IM 13 KJIIOYEBbIX HANpPaB/IEHUI B paMKax CUCTe-
Mbl HaLMOHanbHOW 6e30macHOCTN ocTaeTcs 6e3-
0OMacHOCTb NPOAOBONLCTBEHHAA [1; 2]. I3MeHeHue BHeLwU-
HEMoNNTUYECKON OOCTAHOBKM CYLLECTBEHHO MOBbLICUIIO
3HAYMMOCTb pPa3BUTUS OBOLLEBOACTBA U obecneyeHus
OOCTYMHOCTU 1 LLEHOBOW CTabuIbHOCTY OBOLLIEN HA NPO/O-
BOJIbCTBEHHOM pbIHKe [3].

Cenekumsi 1 CEMEHOBOACTBO CENIbCKOXO3AMCTBEHHbIX
KyAbTYp MUIpaloT peLuarLllyo pofib B pa3BUTMM arponpo-
MBILLUJIEHHOTO KOMMekca. JLoCTUXEeHNs CeNnekunmn SBnsioT-
Csl BaXHbIM HakTOpoM A1 CO34aHUA KOHKYPEHTOCMOCO0-
HOW CenbCKOX039MCTBEHHON Npoaykumn. bax4eBoacTso —
OfHa M3 caMblX PaACMPOCTPAHEHHbIX U MEPCNEKTUBHbIX
oTpacnen B MMPOBOM 3emneaenun [4].

OnHUM 13 BaXHbIX GAKTOPOB MOBLILLIEHNS U CTAOWIIbHO-
CTU YPOXaMHOCTU OaxyeBblxX KynbTyp SBASETCA nonbop
ONTMMaNbHOIrO COPTUMMEHTa ANS Kaxaoro pervoHa PO.
MosTomMy B MPOU3BOACTBE AOKHbI MPUMEHATLCS COpPTa,
Hanbonee afanTMPOBAHHbIE K MECTHLIM YCIOBUSIM MPOU3-
pactaHus [5].

PaspaboTka 1 BHeApeHME arpOTEXHONOMMYECKOrO KOM-
nnekca npu BO3AeNbIBAHUN BaxyeBbIX KyJbTyp HEBO3MOX-
Ha 0e3 yyéTta OCOOEHHOCTElN pa3BUTUS pacTeHuin [6].
KaxObll KOHKPETHbIM 3/1EMEHT arpOTEXHUKM Henocpen-
CTBEHHO CBS13aH C OTAENbHbIMM pazamMum pas3BuTUS pacte-
HUIA. B pasnuyHbix paspaboTkax TEXHONMOrMiA BbipallmBa-
HUS ObIHU, 3HAYNTENBbHASA POSb NMPUHALANEXUT NPOrpaMmMmu-
POBaHMIO ypoXxasi U Ka4eCcTBa NoyYeHHOM npoaykuum [7].

MpumeHeHne ynobpeHuii B 6ax4eBOACTBE SABNSETCH
nepcnekTUBHLIM NPUEMOM 191 MOBbLILLEHUS YPOXaAHOCTU
BaxyeBblx KynbTyp. PaHee npoBeaeHHbIMU NCCnenoBaHUs-
MU pa3paboTaHbl ONTUMasbHblE [03bl MOYBEHHbLIX MUHE-
panbHbIX yOOOPEHUIA, Ny4yllne CPOKM M Crnocodbl BHece-
HU1S, NO3BONSIOLLME NOMy4aTb BbICOKME ypOXanm C COXpaHe-
HMEM MOYBEHHOro nnogopoauns. B coBpemeHHbIx ycno-
BUSIX, B CBA3U C BbICOKOW 3aTPATHOCTbLIO MPUMEHEHMS MOY-
BEHHbIX MWHEepasbHbIX YO0OPEHUA N MOSIBEHUS HOBbIX
BUAOB MUHEpaNbHbIX YA00peHuii (BOOOPaCTBOPUMbIE),
HEeobXx0AMMO OMNpPeaenuTb ONTUMasbHbIE HOPMbI 1 CMOCO-
Obl X NPUMEHEHMS, KOTOPbIE MO3BONAT MOJYYaTb BbICOKAIA
ypoxar nnogoB apdy3a CTOMOBOrO 03 CHUXEHUS Kade-
CTBa nofiydaemon npoaykumm. PaumoHanbHasg cuctema
NPUMEHeHNs yooObpeHMiA NO3BONSET YBENNYUTL YpOXKaii-
HOCTb BO3aeNbiBaeMbix KynbTyp Ha 40-50%, He CHuxas
npv 3TOM YPOBEHb MOYBEHHOrO nnogopoaus [8; 9; 10].

MpumeHeHne ¢onmapHbix 06paboToK BOAOPACTBOPU-
MbIMU YOOOPEHUSAMU CTaNN Y€ HEeOOXOOUMbIM 3/1EMEH-
TOM TEXHONIOrMM MpPU BblpaLMBaHUM HaxyeBbIX KynbTyp
[11]. OoHUM N3 BaXHENLUNX MPEUMYLLECTB 3TUX Npenapa-
TOB IBNSIETCA MPOCTOTa U pa3Hoobpasme crnocoboB KX
npumMmeHeHuns [12]. B Hawe BpemMsi NPOMbILLNEHHOE MNpOo-
M3BOACTBO [AblHM COCPEAOTOYEHO B LIECTU CyObekTax

Poccun. Jlnpepbl poccuiickoro GaxyeBoacTBa —
AcTpaxaHckas obnacTtb, PocToBckas obnacTtb,
KpacHopapckuin Kpan, CrtaBpononbckui Kpan,

Bonrorpanckas o6nactb [13].

Mnoopl AbHM NPeacTaBNAlT LEHHOCTb Kak MCTOYHUK
nuTaTesnbHbIX BELWECTB, BATAMUHOB, MUHEPasbHbIX CONeln
MU Opyrux OGUONOrmyeckn LEeHHbIX KadyecTB. MakoTb OblHW
6orata caxapamu, KNeTyaTkoi, BuTtammHamu, GonmeBoin
KNUCNOTOW, XOTA NuTaTeNnbHasl LEeHHOCTb He BbicOKasi, HO
oHa obnagaeT nevyebHOM N AMETUYECKOW LIEHHOCTbIO U
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MMeEeT BOMbLLOE XO3ANCTBEHHOE 3HaYeHne [4].

Broxnmumnyeckmin coctas AblHU 9BASETCA OAHUM U3 rNaB-
HbIX MokasaTenen kadyectBa npoaykumm. CopgepxaHune
CyXOro BeLLeCTBa — OOUH U3 Hanbonee BaxXHbIX Nokasare-
nen KayecTBa OBOLLHOM npoaykumn. OT HEro 3aBMCUT BO3-
MOXHOCTb U 3d@PEKTMBHOCTb Pa3NIMYHOro poaa nepepa-
©OTKM OBOLLEN, X COXPAHHOCTb NPU XpaHEHUN. MI3BECTHO,
YTO coOepXaHne CyxOoro BeLleCTBa MNoA BAUSHUEM MUHE-
panbHbIX yO0OpeHuii 4acTo CHuxaeTcs. Ho npu 6naronpu-
ATHBIX A9 JAHHOM KY/IbTYPbl M COPTa COOTHOLLEHUSIX NUTa-
TENbHbIX BELIECTB 3TO CHUXEHME MOXET ObITb Haume-
Hblinm [14].

Llenb AaHHOro nccnegoBaHns — N3y4nTb BASIHUE BOOO-
pPacTBOPUMbIX YA0OPEHUI HA YPOXKANHOCTb 1 XUMUYECKNIA
COCTaB MJIOAOB HOBOro copTta AbiHM Bbannapa B akcTpe-
MasbHbIX YCNOBUSAX Bonrorpaackon obnacTu.

YcnoBus, 00beKTbl U METOAbI UCClief0BaHUM

Onbitel npoBoannu B 2022-2024 rr. Ha ONbITHOM y4acT-
ke BbikoBCcKkOV Oax4yeBOl CenekLMOHHOW OMbITHOW CTaH-
LMK,

lMoyBbl CBETNO-KalUTaHOBbIE, CyrnecyaHble, NErkne rno
rpaHynomeTpuyeckomy coctaBy. O6nagaloT BbICOKOWA
BOAOMNPOHNLLAEMOCTbIO, CMOCOOHbLI ynaBnMBaTh Aaxe
He3HaunTenbHble ocagku. CopepxaHue obLliero asoTa
0,12...0,15%, o6uiero dpocdopa 0,07...0,09%, o6MeHHOro
kanusa 120...180 mr/kr. Cogepxanne rymyca go 1,1%.

Bonrorpaackoe 3aBomkbe HaxoOUTCS B YCOBUSX 9KC-
TpemanbHOro knumara. Ha Bcel Tepputopum npeobdbna-
[Al0T BbICOKME NETHME TeMnepaTypbl, MOBbILLIEHHAs ncna-
psaeMocTb, AeDULNT BAAXHOCTN BO34yXa 1 Manoe Konmye-
CTBO 0cankoB. HabnioaaeTcs noBblLLEeHHast BETPOBas Oes-
TENbHOCTb W YacTble MbiibHble Oypu. CpeaHecyToyHas
Temnepartypa 3a BeCb BeretaunoHHbili nepuog, 2022 roga
konebanacb oT +12,8 no +27 C° (puc. 1). Camblli XapKuii
Mecsu, Bbigancs B ABrycrte. BeretaumoHHsii nepuog, 2023
roga Takke He OT/M4yaeTCd HU3KMMKU Temnepatypamu.
CpegnHecyTo4yHble TeMNepaTypbl BapbupoBanmcb oT +12,1
0o +26,4 C°. MakcumarnbHble TeMnepaTtypbl 66111 3aduk-
cupoBaHbl B ABrycTte. CpepgHecyToyHas TemnepaTtypa B
mMae 2023 roga npeBbiCuia nokasaTenu npenbiayLwero
roga u coctaemna +17,6 Co. B 2024 roaoy cambIM Xapkum
mMecsiuem o6o3Hauyuncsa Mionb. CpegHecyToyHas Temnepa-
Typa npeBbICMAa CPEeOHEMHOrofieTHNE 3HavyeHus Ha 2,8 C°
v gocturna +26,7 C° (Puc. 1).

Ocazkn B nepuog uccnefoBaHuin pacnpesennnmcb He
paBHOMepHO. B nepwuop Beretaummn 2022 roga ¢ mas no
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Fig. 1. Average daily air temperature for 2022-2024
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aBrycT 0OXAel Bbinano o4eHb mano ot 3,4 oo 16,8 mm, 4to
HMXE CPEeOHEMHOrofIeTHMX rnokasatenen Ha 6,7-60 mm.
CamMbiM O0XAMBLIM OTMETUNCs ceHTabpb 133,6 mm. B
2023 rogy c anpend no uiofb ocagkos Bbinano ot 20,5 oo
85,7 mm. B mae 2024 roga He BbiNano HM 0aHOro aoxasa. B
MIOHE 0Ca[KOB BbiNano 60fblie CpeaHEeMHOroNeTHUX
3HayeHun Ha 9,1 MM, a B utone Ha 16,4 MM MeHbLue.
[aHHOro konnyecTBa 0CaaKoOB XBaTWU/I0 AJ1S1 MOMTHOLEHHOro
pa3BUTUSA PACTEHUI, HO 3acCyxa B Mae HeEratMBHO NOBMSNA
Ha 6yaywmii ypoxan (Puc. 2).
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Fig. 2. Average monthly precipitation for 2022-2024
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Mnowaab y4eTHOM OensaHku — 72 kB.M. [MOBTOPHOCTb B
OnbITe TPEXKPATHad, pasmeLleHe BapnaHToB CucTemMaTu-
yeckoe. Cxema nocea — 2,0 x 2,0 M. ArpoTexHuka obuie-
npuHATas ons BblpalmBaHMs Gax4yeBbix KynbTyp. OnbiThl
nPoOBOAMAN COrfacHO CyLECTBYIOWMM MeToauKam:
JlntBuHoB C.C. «<MeToauka noseBoro onbita B OBOLLEBO/I-
cTBe», benuk B.®. «<MeToguka nonesoro onbita B OBOLLE-
BoacTee» [15, 16].

YpobpeHuss npumeHanu ana ¢GonmapHoi 06paboTku
pacTeHuin B Nepuof, BEretTauum B CPOKM “Havano nneteob-
pasoBaHnA” 1 nepepn cMblkaHMeM nneTen (Yepes 2 Hepe-
nn). Hopmbl npymeHseMbix npenapaToB: DHepPreH JKcTpa
— 6 rp/10 n BoApkl, AkBapuH oBoLHon — 15 rp/10 n BOAbI,
Arpukona - 25 rp/10 n Boapl. Pabounii pacteop 300 n/ra.
[03bl paccunTbiBanM B COOTBETCTBUM C PEKOMEHAALMNAMUN
nponsBoguTenen.

Ob6beKTaMm nccnenoBaHuii ABASINCH HOBbIV COPT AbIHN
Bannana v ynobpeHus JHepreH IAkcTpa, AKBapuH OBOLLL-
HOW 1 Arpukona.

Kpatkasi xapaktepuctuka copta: COPT paHHero cpoka
cozpeBaHud. [lnogbl uvMEKT WapoBuaHyilo Gopmy.
Okpacka ¢oHa Kopbl XENTas, PUCyHKa HeT. [ToOBEpPXHOCTb
cnabocerMeHTMpOBaHHas, ceTka crowHasa. MsakoTb
Oenag, ToncTas, KOHCUCTEeHUUs1 cpeaHennoTHas. Macca
otobpaHHbix nnopgoB 1,2 — 3,0 kr. CogepxaHue Cyxoro
BeulectBa B coke nnogoB 14,0 — 18,0%. YpoxaliHOCTb
19,0-22,0 1/ra.

XapaktepuvcTtvka npenaparos:

OHepreH 3kcTpa — MukpoynobpeHue. CoctaB: aMUHO-
KMUCNOTbl, MUKPO3IEMEHTbI, BUTAMUHbI, T'YMUHOBbIE KUCIO-
Thbl, ®YNbBO KACOTbI; NPUPOLHbLIN Npenapart, NPoM3BOANT-
Cs1 U3 Byporo yrng, A.B. KaJIMeBbIE COSIM NYMUHOBbIX KUCOT
850 r/xr.

AKBapuiH OBOLLHOV — KOMMJIEKCHOE BOAOPaCTBOPUMOE
ynobpeHune. CoctaB: a3oT — 19%, ¢pocdop — 6%, kanuin —
20%, maruui — 1,5%, MnkpoanemeHTbl B GOpPME XenaToB:

ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

Fe - 0,054%, Zn - 0,014%, Cu - 0,01%, Mn - 0,042%, Mo
-0,004%, B - 0,02%;

Arpukona (a5 orypLos, kabadykoB, MaTMCCOHOB) — BOAO-
pacTBOopMMOe KomriekcHoe ynobpeHue. CocTtaB: a3oT —
13%, docdop — 20%, kanuii — 20%; MUKPOSNEMEHTLI: 6OP,
Me[b, MapraHeLl, LMHK, MarHui.

B TeuyeHne nepuopga mccnenoBaHUin Mbl MOoApPOOHO
M3y4ynnmn BO3OENCTBME MPUMEHSIEMBIX YAOOPEHN Ha ypo-
XanHOCTb, OCOBEHHO Ha KayecTBO MOJIy4EeHHbIX MI0O0B
OblHM HOBOro copTa bannaga.

Pe3ynbTaTthbl U Ux 06CyXaeHue

YpOXanHOCTb IBNSETCS OCHOBHbLIM NOKasaTenem copTa,
KOTOPbIN KOHTPONNPYETCH FEHETUYECKN N 3aBUCUT OT MOY-
BEHHO-K/TMMATUYECKNX YCNOBUI BHeLWHeN cpenbl [17]. B
pesynbTate aHanM3a AaHHbIX 9KCNepMMeEHTa OTMEYEHO
yBenuyeHne ypoxamHoctn B nepuop 2022-2024 ropa. B
2022 rony cyllecTBeHHas npudaBka ypoxamHOCTN OTMe-
Tunacb NOCAEe WCMNONb30BaHWA MpenapaTtoB JHepreH
OkcTpa v Arpukona u coctaBuna Ha 41,7-42,6% 6onblue
KOHTpons. B pe3ynbtate nNpUYMEHEHUS yAo00OpeHus
AKBapuH OBOLLHOW YpPOXaMHOCTb MOBbICUMIACh BCEr0 Ha
12% OT KOHTPONBLHOro BapuaHTa. B maHHOM rogy 6binuv
BblpalLEHbl CaMble KPYyMHbl€ MA0A4bl MO CPaBHEHWUIO C
nocneaywLwmmMm rogamMmm, CpegHas macca nnoga coctaBu-
na ot 1,7 po 2 kr. MakcumanbHbIM BECOM OTIMYaNUChb
NAaoAbl AbIHW MOCNe MPUMEHEHUS yOoOpeHni AkBapuH
OBOLLHOW 1 Arpukona.

B 2023 rony makcmmanbHOe yBeMYeHEe ypoXamnHOCTN
OblI0 B BapuaHTe C nNpuMeHeHneM npenapata JHepreH
OkcTpa Ha 33% Bbile KOHTPONS. B ocTanbHbIX BapaHTax
coctaBuna 12-17% ot koHTpona. CpegHaa macca nnoga
konebanacek ot 1,5 go 1,7 kr. HanbonbwmMm BECOM OTNINYa-
nucb nnoabl nocne o6paboTkm npenapaTtomM 3JHepreH
OkcTpa. HanmeHblwen maccon OTAMYanmchb maoabl OblHU
nocne ¢onnapHoin o6paboTkn npenapatoM AKBapuH.
OBOLLHOW.

B 2024 rony camas 6onbliuas npudaBka ypoxanHOCTU
nosiydyeHa nocrne Ncnonb3oBaHus npenapata Arpmkona Ha
24,6% Bblle KOHTPOJILHOIO BapuaHTta. Mcnonb3oBaHwe
npenapaTtoB JHepreH IKCTpa 1M AkBapuH OBOLLHOW CMo-
co6CTBOBANO YBENNYEHUIO YpoxaliHocTU Ha 11,5-17,7% oT
kKoHTponga. CpegHasa macca nnoga BapbupoBaniach ot 1,6
0o 1,9 kr. Camble KpynHble nnoasl Obiv NOyyYeHbl B Bapu-
aHTe C ucnonb3oBaHnem yaobpeHus Arpukona (Taén. 1).

Buoxumnyeckuii coctaB nnoaoB 6axvyeBbiX KynbTyp
SBNSIETCH BaXHbIM MNoKasaTesieM KadyeCTBa BblPALLLEHHOM
npoaykuuun. B pesynetate nccneposanuii B 2022 rony He
BbISIBUNIN CYLLLECTBEHHbIX PA3NNYnii N0 COAEPXKAHUIO CyXO-
ro BeLecTBa BO BCEX U3Yy4aEMbIX BapMaHTax OHO BapbupoO-
Basniocb oT 12,6 no 13,6% c MakcumanbHbIM NoKa3aTenem
B BapuaHTe AKBapuH OBOLLHOW. B oCTanbHbIX BapuaHTax
DaHHbIA nokasaTesnb Obll HUXxe KOoHTpons Ha 0,4%. B
coaepxxaHun obLLero caxapa Habnoganachk Ta xe TeHOeH-
LMst, YTO 1 B MoKasaTensax Cyxoro BeLecTsa.

OpHako B 2023 rooy OTMEYEHO YBENMYEHNE COAEpXa-
HUA B nnojax AbiHKM caxapoB. Cyxoe BewecTBO BO BCEX
BapuaHTax npeBbILano KOHTPOJb 6e3 obpaboTok Ha 0,4-
2%. MakcrmanbHOe ero cogepxaHue Nosly4eHo B BapuaH-
Te OHepreH AkcTpa. CoaepxaHue obLiero caxapa cooT-
BETCTBEHHO BO BCEX BapmaHTax NpeBblLlano KOHTPOJbHbIN
BapuaHT Ha 1,1-2,3% C HauMBbICLUMM NOKa3aTenemM B Bapu-
aHTe Arpukona.
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Tabnuya 1. BnusiHue eodopacmeopumMbix y0o6peHull Ha Mokazamesiu ypoxaliHocmu ObIHU HO8020 copma bannada
Table 1. The effect of water-soluble fertilizers on the yield of melon of the new Ballada variety

2022 rop
BapuaHTbl c
- penHss
ypom:/v::ocn;, e
nnopa, Kr
KoHTponb (6e3 06paboTok) 10,8 1,7
OHepreH JKcTpa 15,3 1,8
AKBapuH OBOLLYHOM 12,1 2,0
Arpukona 15,4 2,0
HCPg5 1,32

MpoBeneHHbii B 2024 rogy aHanma OUOXMMUYECKUX
rnokasarenei cocTaBa BblpalLEHHOro ypoxasi C npumeHe-
HMEeM BOAOPACTBOPUMbIX YO0OpeHun No3BonsgeT caenatb
BbIBOJ, O HECYLLECTBEHHbIX OT/INYMSAX KayecTBa MiodoB C
KOHTPOJIbHBIM BapuaHTOM. Takum obpasom, nokasaTenm
CyX0ro BeLllecTBa BO BCEX pacCMaTpuBaeMbIX BapuaHTax
BapbupoBanmcb oT 15,2 go 15,6% ¢ mMakcumasnbHbIM
3Ha4yeHMeM B BapuaHTe JHepreH 9kcTpa. B cooepxxaHum
obLLero caxapa Takke MOXHO OTMETUTb He3HAYUTENbHYIO
pasHuLy Mexay nokasatensmm, kotopas coctaBumna 12,2-
13,3% (Puc. 3).

CopepxxaHne ackopOUHOBOM KUCOTbI BO BCEX U3y4vae-
MbIX obpasuax B 2022 rogy HaxoOunoCb Ha A0CTATOYHO

14 d
12
10
8
6
4
2
(1]

Cyoe Cyxoe OGuwmi caxap,% Obwwi caxap,% O6wMA caxap,%
BEWECTBO,%  BEWECTBO,% 2022 rog, 2023 rop, 2024 ropg

2023 rop 2024 rop,
B Howrpons ™ 3xeprew3xctpa B p i

Be um:ruo %
2022 rop

Puc. 3. CodepikaHue cyxoz2o eeujecmea u obuje20 caxapa
8 nodax ObIHU Hogo2o copma bannada (3a 2022-2024 22.)
Fig. 3. The content of dry matter and total sugar in melon fruits
of the new Ballada variety (for 2022-2024)

BbICOKOM YypOBHe U cocTtaBuno oT 40,4 go 45,5 mr% c
camMblM MakCuMalbHbIM 3HA4YEHMEM B BapuaHTe AKBapuH
OBOLLHOW, 8 MMHUManbHbIM B BapuaHTe Arpukona.

B nepuon wnccnepoBaHuin B 2023 roay OaHHble MO
coaepxaHuio ButamuHa C B M3yvyaembix 0bpasiax koneoda-
nucb ot 32 0o 44,8 mr%. MakcumanbHoe ero cogepXxaHume
3adUKCUPOBAHO B BapuaHTe C NpUMeEHeHneM yaobpeHns
AKBapWVH OBOLLHOM.

MokazaTenu ackopbuHOBOW KUCNOThl B 2024 roay Haxo-
OMNUCb Ha BLICOKOM YPOBHeE 0T 26 0o 33,6 Mr% rae makcu-
MallbHOE 3Ha4YeHne MOXHO OTMETUTb B BapuaHTe C npume-
HEeHWEM rnpenapara JHepreH OKCTpa, a MUHMMANbHOE B
BapuaHTe YNCTbI KOHTPOSb.
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2023 rog 2024 rop
- CpeaHan - CpenHsan
Ypox(:lv;:oc'rb, e Ypox(:n:ocm, e

nnoaa, Kr nnoaa, Kr

11,8 1,6 13,0 1,6

15,7 1,7 14,5 1,7

13,8 1,5 15,3 7

13,2 1,6 16,2 1,9

1,51 1,13

B xoOe cpaBHUTENBbHOW OLEHKN NokasaTtenei BuTaMmnHa
C 3a uccnepgyemble roapl camble MakcUMalibHble €ero
3Ha4eHus Obiny nony4yeHbl B 2022 roay.

KonnyectBo HUTpaTHOrO asoTa B 3KCNepUMEHTasIbHbIX
nnogax AbIHUW OTMEYEHO ero HM3koe CoaepaHne BO BCeX
BapuaHTax onbita 26-28 mr/kr npu MNAK 90 mr/kr (Puc. 4).

Takum 06pa3om, Ha BUoxMMUYeckue nokasarenu nio-
OOB [OblHW Haunyyqwum o6pasoM BAMSNAM npenapaTthbl

50

40 1 ]

30+ @ Koutpons
B 3HepreH JxcTpa

20 [ AKBapHH OBOLYHOI
oA

101 —

-

2022roa 2023 ron 2024 rop

Puc. 4. CodepxaHue ackopbuHoeol Kucriomsl
8 rodax ObIHU Hogo2o copma bannada (3a 2022-2024 2e2.)
Fig. 4. Ascorbic acid content in melon fruits
of the new Ballada variety (for 2022-2024)

OHepreH 3kcTpa n AKBapuH OBOLLHONM B ycnoBusax 2022-
2024 ropa. OTmMeYeHo, 4TO yBENMYEeHME CyMMbl TeMnepa-
TYp, OCOOEHHO B MIOSie-aBrycte Hawyydlnum obpasom
B/INSINO Ha YBEJIMYEHME CYXOro BeLLLeCTBa, a CyMMbl ocap-
KOB B Ha4ase Beretaumm no3BoanI0 pacTeHUSIM AbIHW Nos-
HOLEHHO Pa3BMBATLCS.

30
ST
25¢
201 B Koutpons
154 B 3neprex 3kcTpa
108 O AkBapuH OBOLUHOR
O Arpukona
5
o =

2022rop 2023rop 2024 rop

Puc. 5. CodepyxaHue Humpamoe azoma
8 rodax ObIHU Hogo2o copma bannada (3a 2022-2024 22.)
Fig. 5. Nitrogen nitrate content in melon fruits
of the new Ballada variety (for 2022-2024)
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3aknioyeHme

MpuMeHeHe BOAOPACTBOPUMMbLIX yooOpeHun Ong
donmapHor 06paboTKkM pacTeHnin HOBOro copTa AblHU
B MOYBEHHO-KIMMATUYECKMX YCNOBUAX Bonrorpaackom
obnactu cnocob6CTBOBaANO YBENMYEHUIO €ro npoayk-
TUBHOCTMU U HE CHUXEHMIO Ka4YeCcTBa NOJIY4EHHOr0 ypo-
xas.

MpoBeneHHas oueHKa BAUSHUSA NPUMEHSEMbIX Mpe-
napaToB Ha YypPOXalHOCTb U XUMUYECKUI COCTaB MNJo-
0OB mnccregyemMmoro coprta 3a nepuop 2022-2024 rogp,
nokasasna, 4To MakCuMasibHOE YBENMYEHME YPOXKANHO-
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ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

ctn 15,4 1/ra 6bina gocturHyta B 2022 roay B BapuaH-
Te Arpukona no OTHOLIEHWUIO K KOHTPOJIbHOMY BapuaH-
Ty 10,8 T/ra. lNokasaTtenn kayecTBa NOJY4EHHON NPO-
OyKUNK B pe3ynbTaTte NPUMEHEHNS BCEX NCCNenyeMbIx
npenapaTtoB He CHU3UAUCb. BCE BbllleckasaHHOe
roBOPUT O TOM, YTO [OaHHbIA COPT OblHM OKa3ascs
OT3bIBYMBbLIM K MPUMEHEHUIO NpenapartoB onga donmap-
HOW 06pPaboTKN, HO cCaMbiM 3P DEKTUBHBLIM OTMETUICS
npenapaTt Arpukona. Ha o0OCHOBaHUM HACTOALMX
nccnenoBaHUn MOXHO PEKOMEHAOBATb OaHHOE yao00-
peHve ONns BbipallMBaAHUS ObIHU.
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et YPOXaNHOCTb 11 BUMOXMIYECKME
B.A. bopucor?, C.M. Hagexkun', C.B. Benosa"* I-IO Ka3aTeﬂ VI KaLI eCTBa

' GepepanbHoe rocyaapcTBEHHOE BHOMKETHOE Hay4yHoe

yupexaerme "PefepanbHblii HayYHbIA LIEHTP A

0BOLLEBOACTBA" ((DFEHy @HLLO) CTOJ-IOB bIX KOpHe I-IJ-IOHOB

143072, Poccusi, Mockosckasi obnactb, OmuMHLOBCKMIA

paitoH, n. BHUMCCOK, yn. CenexuvonHas, a.14 PE3IOME BY_NC
AkTyanbHoCTb. BbICOKMe TemMnbl pocTa M pa3BUTUSL POCCUIACKON NMPOMBILLNIEHHOCTH, @ Takke yBe-

? Beepoccuiickuii HayyHO-MCCNIEN0BATENbCKUA MHCTUTYT — FIMYEHME YUCIIEHHOCTU HACeNeHUsi cO34aloT NOTPEOHOCTL B NOBLIWEHUM 00LEMOB cOopa OBOLLEN,

0BOLYEBOACTBA — (hunnan PefepanbHoro rocyaapcTeH-  BKMKOYas MOPKOBbL M CBEKNY. B HacTosiee BpeMs Ansl yCMNELWHOro pa3BUTMS OBOLLEBOACTBA BaXXHO

HOro  GlOMKeTHOTO  HayyHOro  YupexaeHus  yryywaTb He TONbKO YPOXaNHOCTb, HO M Ka4ecTBO NpoayKunm. [ina HaceneHus TpeGyetcs akonoru-
«®efieparnbHblii  HAyYHbIA LEHTD  0BOLIGBOACTBA»  yeCKM YMCTOE M cGanaHCMpOBaHHOE NUTaHMe, a OBOLLM COAEPXAT YrneBoAbl, Genku, Xnupbl, BUTaMK-

(BHWMO ~ cpunman GTBHY GHLIO) Hbl, ()ePMEHTbI, FOPMOHbI, OPraHNYeCKNUe KUCOThI, MUHEpanb! U ApYrie BeWecTBa, a TakKe Cryxat
140153, Poccusi, MockoBckas o6nactb, PameHCKMi  GoraTbIM MCTOYHMKOM NPUPOAHBIX aHTMOKCUAAHTOB. Lienb 1ccneaoBaHns — NpoBeCTH CPaBHUTENb-
paitoH, 1. Bepes, otp. 500 HbIil aHaNM3 BNVSHUSA NPUMEHEHNS Pa3NNYHbIX CUCTEM YAOBPEHUN Ha YPOKAHOCTb KOPHENNOAOB
" a PR M Ha UX GMOXVIMMHECKVe NOKa3aTeNnu kayecTsa. ) o

ey it ol e sl @it Matepuan u meTogvka. Ha annioBManbHoi nyroBoi nouBe B YCnoBusX HeyepHO3EMHOM 30HbI

Poccum usyyanach BnusiHMe pasnuyHbIX CUCTEM NPUMEHEHUS YAO0OpeHNs Ha GUOXMMUYECKME NOKa-
3aTenu KayecTBa CBEKNbl CTONOBOW copT MynaTka U MOpPKOBM CTONOBOM copT JlocMHooCTpOBCKas
13. B onbiTe paccmaTpmBanoch YeTbIpe BapuaHTa BHeCEHNSA YA0OPEHNIA: MMHepanbHble YA00peHus,
Kak CTaHJapTHas obLLenpuHATas cucTemMa NpUMMeHeHUsl yaobpeHus Ans AaHHOrO pervoHa; opraHu-
yeckue yaobpeHus (OMOKOMNOCT); opraHuyeckue yAoOpPeHUst B COYETaHUM C KOPHEBLIMU NOAKOPM-
kamu makpoanemeHtamu (NPK) no utoram pactutensHoi u NOYBEHHON AWArHOCTUKM NUTaHUSA (pac-
TUTENbHYI0 U NOYBEHHYH ANArHOCTUKY MUHEPanbHOTO NUTaHWUA NPOBOAMAM Mo MeToAuKK Liepnunr
B.B. (1990) u Marxuukomy K.I. (1972)).
PesynbTathl. B pesynbTate npoBeAeHHbIX UCCNEAOBaHUIA YPOXaNHOCTL MOPKOBK cocTaBuna 51,2-
63,9 1/ra ¢ BbIxogoM cTaHgapTHo npoaykuuu 87,4-94,6%, ypoxaitHocTb CBEKNLI cTonoBon 41,7-54,2
T/ra, ¢ BbIXOAOM CTaHAapTHOM npoaykumum 80,7-92,3%. Mo pe3ynbTatam NpoBeAEHHLIX GUoXUMUYe-
Kochnuxm uHmepecoe. ABToph 3asBnsior CKUX MCCNeAoBaHUiA B nepuoa YGOpKM ypokas YCTAaHOBMEHO, YTO COAEPXaHNEe CYyXOro BeLlecTBa B
06 OTCYTCTBN KOH(DIMKTA UHTEPECOB. KOpHennoaax MOpKoBM Haxoaunock B npedenax 11,4-12,3%, caxapos 7,26-8,29%, kapotuHa 6,38-
8,16 mMr%, HuTpaTtoB 73-172 mr/kr; B KOpHennogax CBEKNbI CTONOBOW COOTBETCTBEHHO 13,1-15,0%
[Ans yumupoeaHusi: Bopucos B.A., Hagexkud CM.,  cyxoro Bewectsa, 10,12-11,68% caxapos, 112,1-156,2 mMr% GetaHuHa, 507-969 mr/kr HuUTpaToB.
Benosa C.B. BnusHue ygoﬁpeﬂmﬁ Ha ypO)KaVIHOCTb "n Hanbonee Bbicokas ypox(aﬁuoch KOpHennoaos Obina nony4yeHa npu UCNonb3oBaHMM MUHepalb-
BIOXVIMMYECKVE MOKA3aTeNM KayecTsa CTONOBLIX kopHe-  HbIX YA0OPEHN! 1 NpKu NCNONb30BaHNN MX B COYETAHUM C OpraHnYeckumMu yaobpenusamu. Kayectso

Bknad aemopoe. B.A. BopucoB: KoHLenTyanusaums,
pa3paboTka METOAONOrMN UCCIIE[0BaHNS, HaY4HOE PyKO-
BOACTBO uccrnegoBannem. C.M. HapexkuH: koHuenTya-
nu3auys, paspaboTka METOAONOrM UCCe[0BaHMS, Npo-
BefleHre (hopMarnbHOro aHanuaa, Co3faHme pyKonueu u
€e pefakTMpoBaHue, Hay4Hoe PyKOBOACTBO MCCIEoBa-
Huem. C.B. benosa: paspaboTka MeTofonormn nccneao-
BaHWA, NpoBefeHne OpManbHOro aHanuaa, nposefde-
HMe Hay4YHOro WCCrefoBaHus, CO3AaHWe YepHOBHKa
pyKOMMCK 1 ee peaakTUpoBaHKe.
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BBeneHue

bICOK/E TEMMbI POCTa W Pa3BUTHSI MPOMBILLMEHHOMO NPOU3BOACTBA

Poccum 1 cBA3aHHbI C HUMK POCT HaceneHns CTaBAT nepes Celb-
CKUM XO35IICTBOM HEOTINOXHbIE 33Aa41 YBENNYEHWS BarioBbix COOPOB OBO-
LLiet, B TOM 4ucCre M MOPKOBW, W CTOSIOBOW CBEKMBI. B HacTosilee Bpems
[ns pa3suTus OyayLLero OBOLLEBOACTBA HEOOXOAMMO MOBbILLATL HE TOMb-
KO YPOXalHOCTb, HO W Ka4eCTBO NPOAYKLMW, CTOUT CTPEMMUTLCS K MOBbILLIE-
HVIO MPOZYKTVBHOCTU KyrbTyp, KOTOpast B CBOK OYepeb 3aBWCUT OT MHO-
XecTBa (pakTopos.

OneMeHTbI OKpyXXaroLel cpedbl C TPYAOM MOAAAKTCSH KOHTPOSHo, 3a
VUCKITIOYEHVIEM 3aLLMLLIEHHOTO 3eMNefienys B TENnMUaX, NoaToMy Heobxo-
ZVIMO YTyYLLINTbL Ka4eCTBO KOPHENOA0B NMyTeM BHECEHUs yaobpeHuii [1].

lMoBcemMeCTHOe HapacTaHWe 3KONOMMYECKON W COLMarbHOM Harpysku Ha
yeroBeka TpebyeT MOMHOLIEHHOTO Ero MUTaHMS, a OBOLLM BoraTbl coaepka-
HVWeM YyrmeBomoB, GENKOB, KMPOB, BUTAMMHOB, (PEPMEHTOB, FOPMOHOB,
OpraHNYeckuX KICMoT, MUHeparbHbIX U APYrX BELLECTB, a Takke BbICTy-
MakoT Kak GoraTeiLumni CTOYHUK MPUPOAHBIX @HTUOKCUAAHTOB ((PEPMEHTOB,
GeTa-kapoTuHa, anbga-Tokodepona, ackopOYHOBOM KUCIOThI, hriaBoHu-
[10B, KyMapyHOB 1 BVOMOrMYECKVX aKTUBHBIX BELLECTB, HE3aMEHUMbIX aMu-
HOKWCIOT W ApYrX BaXHbIX HYTPUEHTOB, B TOM YMCIie MMMYHOMOAYNATO-
pOB, @ TakKe MWHeparnbHbIX aneMeHToB) [2]. MpUpoaHbIe aHTMOKCUAAHTbI
HeNTpanuayloT cBobOAHbIE papuKarbl, KaHLEpPOreHHble BELLECTBa, ThKe-
nble MEeTanmbl U PaayoHYKMAbI, CMOCOOCTBYHOT UX BbIBEEHMWIO U3 OpraHm3-
Ma, YTO NONOXUTENBHO BIUSIET HA 3[0POBLE W YBENUYEHNE NPOJOIKUTENb-
HOCTV XW3HW YenoBeka [4, 5].

Llenb nccnenoBaHust - NPOBECTW CPABHUTENBHBIA aHanW3 BRWsHUE pas-
MNYHBIX CUCTEM MPUMEHEHWS YOOOPEHW A Ha CTaHAAPTHYH YPOXalHOCTb
KOPHEMIOZOB 1 Ha UX BUOXUMUYECKUE MOKa3aTenm kayecTsa.

00BLeKTbI U MeToAbl UcCrefoBaHUsA

B xopme onbiTa Bo3genbiBanuch ABe KynbTypbl: CBEKIA CTONOBas copra
Mynartka (Beta vulgaris L.ssp.vulgaris var. conditiva Alef.) n MopkoBb copTa
JocuHoocTpoBckas 13 (Daucus carota L.).

JlabopaTopHo-noneBble OMbITbl NPOBOAMIUCL Ha OMbITHOM y4acTke
otaena 3emnegenua u arpoxumin BHUMO — domnman ®reHY ©HLIO
(PameHckui parion MockoBckoi 0611.). [Mo4BbI OMBITHOMO MaccuBa OTHOCAT-
CS1 K TUMy anmoBMarbHbIX NYroBbIX HACKILLEHHBIX MOYB. MOYBbI CpeaHeCy-
ITIMHVCTbIE, OKYNbTYPEHHBIE, UMEIOT BLICOKWIA YPOBEHb ECTECTBEHHOMO NIo-
[0poausi, BNaroémkuie, rmybrHa naxoTHoro crost ~ 27 ¢, rnybuHa 3anera-
HWS rpyHTOBLIX Bof Gonee 2 M. KucrotHocTb 6-6,5 egmHu, pH, copepia-
HVie rymyca B naxoTHoM crioe [0 3,2%, obuiero asorta 0,23-0,28%, HuTpar-
Horo asota (man) 1,4-4,1 mr/100 r, nogBwkHoro cocdopa (no Yvpukosy)
250-270 wmr/kr, kanms (no Yupukosy) — 100-150 mr/kr. FupponuTyeckas kuc-
noTHocTb Huakas (0,7-1,2 mr-ake/100 r), cymma 0OMEHHbIX OCHOBaHMIA 28-
30 mr-akB/100 T, cTeneHb HachlLLEHHOCTM OCHOBaHMSIMM 96—-98%.

OnbIT 3aKknagbiBany cornacHo «MeToauke MoneBoro onbiTa B OBOLLE-
BoacTee» nop aeTopctBoM C.C. JIMTBMHOBA. ArpOXMMUYECKUE aHanmM3bl
nposoamny no FOCT: 26213-91; 34789-2021; 26483-85; 26951-86; 26204-
91; 26204-91; 26212-2021; 27821 - 2020. Buoxummnyeckve aHanmabl
BbIMonHeHbl no cneaytowmm TOCT: 28561-90; 8756.13-87; 29270-95;
54058-2010.

ATPOXNMUA, ATPOMNMOYBOBEOEHUE, SALLNTA N KAPAHTUH PACTEHUA

Cxema onbiTa
1 KoHTponb — 6e3 ynobpeHuia

2 NPK B ocHOBHOE BHeCeHue (pac4éTHas [o3a)
3 BrokomnocT B 0CHOBHOE BHeCeHMe (hoH)
4 BrokomnocT B ocHoBHOE BHeceHwe (choH) + nogkopmka NPK no

aHanu3y Yepeluka nucTa (pacTuTernbHas AnarHocTvka NTaHus)
5 BrokomnocT B ocHoBHOe BHeceHwe (choH) + noagkopmka NPK no
aHanmay nouBbl (MOYBEHHAs AWarHocTVka NUTaHKs)

PacuéTtHble 003bl MUHEpanbHBIX YO0OPEHUIn COCTaBUMN: NS CBEK-
Nbl CTONMOBOW Ha nony4yeHune 50 T/ra ypoxas — N175P75K270, ans mop-
koBM Ha 60 T/ra ypoxas — N105K185. brokomnocT npumeHsincs B 1o3e
3 T/ra nop, MOPKOBb 1 6 T/ra nog CBEKIY CTOMOBYH, YTO SKBUBANEHTHO
90-60-60 kr/ra g.B. ynobpeHuin nog mopkosb 1 180-120-120 kr/ra 4.B. —
nop cBékny cronosyto. OgHaKo Npy 3TOM NPeACTaBNSAETCS BO3MOXHbIM
HeZoCTaToK NuUTaTeNbHLIX BelecTB, 0COOEHHO a3oTa, B CBSI3N C Mef-
NEHHOV MWHepanu3aumei OpraHMYeckMX KOMMOHEHTOB KOMMOCTa M
HeobXxoaMMOoCTb NPYMEHEHUS1 NOAKOPMOK NErkopacTBOPUMBIMU MUHE-
panbHbIMW yaobpeHusIMu.

[l03bl NOAKOPMOK ObIIM paccumTaHbl C MOMOLLBI PacTUTENbHON U
MOYBEHHOW [MArHOCTMKM MWHEpPasibHOro MUTaHWs Mo MeToAuKam
Liepnunr B.B. (1990) n Marnuukoro K.IM. (1972) B dasy Havana obpa-
30BaHws kopHennozos (I aekaga uons) [6, 7]. [ins MOpKoBK J03a Nog-
KOPMKM MO MOYBEHHOW AnarHocTuke coctasina N52K14, no pesynbTa-
Tam pactutensHoi — N17. [Ins cBeknbl CTONOBOW 032 yAoOpeHuid no
MOYBEHHON AnarHocTuke coctaBuna N65K45, a no aHanuay yepeluka
nucta - N54K30 [8].

PesynbTathl 1 nx obcyxaeHue

B onbiTe gocturHyTa obluas ypoxkanHocTb MopkoBm ot 51,2 fo 63,9 T/ra
co 87-94% craHpapTHOM npoaykumm (Tabn. 1). Mpubaska K KOHTPOMLHOMY
BapuaHTy coctaeina oT 5 1o 25%. Mpn OCHOBHOM BHECEHWM pacHETHOM
no3bl N105K185 npubaska ypoxanHoctn coctaBuna 11,4 1/ra (22%), Ha
BapuaHTe OCHOBHOIO BHECEHWs! BrokomnocTa B fo3e 3 T/ra — 2,6 T/ra (5%);
[ononHuTenbHas KopHeeas nogkopmMka foson N17 no aHanmay uepeluka
nucta obecneuna 8,5 T/ra npubasku (17%), a Nyulumii B onbite adhcbexT
MonyyeH Npy KOPHEBOM NOAKOPMKE Mo aHanmay no4sbl N52K14 Ha choHe G1o-
komnocta — 12,7 T/ra npubasku (25%), Mpu 3TOM JOCTOBEPHOTO OTAINYMS (Yuu-
TeiBasi HCP05) ot BapwaHTa ¢ pac4étHow fo3on N105K185 He BbisiBrEHO.

YcTaHoBKa 403 NOAKOPMOK MUHEPATbHBIMU YA0BPEHUSMY MO pesyrbTa-
Tam MUTaHNs PacTEHWA B CUCTEME arpOTEXHUYECKVX MEpOMpUSTUA Npu
BbIpaLLMBaHUN CENbCKOXO3SNCTBEHHBIX KyIbTyp MO3BOMSET AODUTHCA TOH-
KOV KOPPEKLMW NPOLIECCOB POCTa, PasBUTHS M (DOPM1POBAHMS XO3SINCTBEH-
HO-LIeHHOW YacTu ypoxas [8].

Mo pesynbTaTam uccrnenoBaHuii MOPKOBb MPOSIBISET Cebs1 Kak KynbTy-
pa NpenMyLLECTBEHHO MUHEPANBHOTO TUMa NUTaHWS, @ IMEHHO - Hanbonee
BbICOKasi ypOXanHOCTb Oblna nomnyyeHa npm UCronb30BaHU MUHEpanbHbIX
yO0OPEHUIA 1 NPy UCTIONB30BaHMN X B COYETAHWM C OpraHnyeckumm yaob-
peHMAMM.

lMonoxuTensHoe BIWSHUE Ha CTaHOAPTHOCTb KOPHEMMOAOB MOPKOBM
OKasblBany MuHeparibHble YAOOpEHNst W OpraHMYeckMe B COYETaHWM C

Tabnuya 1. YpoxaliHocmb Mopkosu copm JlocuHoocmpoeckas 13 npu MuHepanbHoU
U op2aHuy4eckoli cucmemax y0obpeHusi 3a mpu 200a (2021-2023 200b1)
Table 1. Yield of carrots of the Losinoostrovskaya 13 variety with mineral and organic fertilization systems for three years (2021-2023)

. o YpoxanHocTb o %
O oriomponn oW g, orotuen
Be3 ynobpenun (k.) 51,2 100,0 44,7 100,0 87,4
N105K185 (60 T/ra) 62,6 122,4 58,8 131,5 93,9
BuokomnocT 3 T/ra 53,8 105,1 48,7 108,9 90,6
B/k + nogkopMka no aHanu3y nucra 59,7 116,6 55,0 123,0 92,2
B/k + nogkopmMka no aHanu3y noyBbl 63,9 124,9 60,4 135,1 94,6
HCPy5 2,2 3,8 3,3 74 -
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HWe MUTaTENbHbIX BELLECTB HEMHOMM MPEBLILLIAMNO KOHTPOMbHLIA BapyaHT.

70 6268 59,7 639564 TalKe 3T0 MOXKET CBIAETENLCTBOBATL O TOM, YTO COAEPXaHNe NUTATENBHbIX

60 512 7 9MEMEHTOB B OPraHYeCKOM YAOBPEHM HELOCTAaTOYHO IS HOPMATbHOO

=0 pOCTa U pa3BuTYIS CTONOBOM CBEKITI, & Takke O TOM, YTO [JaHHas ciCTeMa He

" MoAXoaUT Anst 3dhheKTUBHOTO 3eMIedenist U CrieayeT codveTaTb pasHble
CUCTEMbI YAOBPEHUIA 1S MOSTHOLEHHOTO MTAHMUS! KyTbTYpb.

CTaHOapTHOCTb KOPHENnodoB CBeKMbl CTOMOBOM Koppernvposana ¢

30
20
10

o — BEMMYMHON YPOXaNHOCTI, COOTBETCTBEHHO HaWMyYLLIWIA BapyaHT Gbin mpu
bes N105K185 (60 Buoxomnoct 3 B/ + B/k + BHECEHUM PacyYeTHON [03bl MUHeparbHbIX yA0DpeHUi, a Takke npy nog-
yaobpexui 1/ra) ic] NoAgKOPMKE NogHopMHa 0 0
() noawanusy  noaHanusy KOpMKe Mo aHanuay noysbl (coctasuna oHa 90,9% n 92,3%).
e M OnTtumanbsHoe ynpaBneHue BHECEHVEM yA0DPEHMn UMeeT peLuato-
YpomaitHocTs 06uian, T/ra YpomaiHOCTS CTaHaapTHan, T/ra L|ee 3HavyeHne He TOMbKO ANs YPOXanHOCTU KOPHEMNoZoB, HO U ANA
Puc. 1. O6was u cmaHdapmHasi ypoxatiHocms KayecTBa CEeNbCKOXO3ANCTBEHHbBIX KyMbTyp. [1OCTynneHne OCHOBHbIX

Mopkogu copm JlocuHoocmposckas 13 anemeHToB (asota N, docdopa P u kanusa K) Hanpsmyto BnusieT Ha
Fig. 1. General and standard yield of carrot variety ’ P pAMY

Losinoostrovskaya 13 KayecTBO pacTeHwui [9].

Tabnuya 2. YpoxaliHocmb ce€kribl cmosogoll copm Mynamka npu MuHepanbHoU
u opeaaHu4eckoli cucmemax yoobpeHusi 3a mpu 200a (2021-2023 200kb1)
Table 2. Yield of table beet variety Mulatka with mineral and organic fertilization systems for three years (2021-2023)

BapuaHTt Ypog(ﬁaﬁ::crb % Z'?::(?HT%‘;? % oT ooé en
P 'rlﬁ'a ’ OT KOHTpons Frlr% ’ OT KOHTpons ypomaﬁ:‘ocm

Be3 ynobpeHun (k.) 41,7 100,0 33,7 100,0 80,7
N175P75K270 (50 1/ra) 52,7 126,3 47,9 1421 90,9
BuokomnocT 6 T/ra 46,8 112,2 41,9 124,3 89,7

B/kx + nogkopMka no aHanu3y nucrta 51,6 123,7 46,0 136,5 89,2
B/k + noakopMKa no aHanu3y No4Bbl 54,2 130,0 50,0 148,4 92,3

HCPy5 1,9 3819 23 6,8 -

MUHEparbHbIMM Ny APoGHOM BHeCeHWW. HanbonbLLMA NPOLIEHT CTaHaapT-
HOCTV NMPOAYKLMM OT O6LLIE MOMyYeH Ha BapuaHTe C NOAKOPMKOW Mo nou-
BEHHOW AnarHocTtuke — 94,6%.

ObLuan ypoxaitHoCTb CBEKMbI CTOMoBOW cocTaBuna 41,7-54,2 Tt/ra co
cTaHgapTHoi npogykuven 81-92% (tabn. 2). MNpubaska K KOHTPOIbHOMY
BapuaHTy coctasuna ot 5,1 1o 12,5 1/ra (12-30%). OcHoBHOe NpuMeHeHMe
pacuéTHoit fo3bl N175P75K270 no3sonuno nonyunts 52,7 T/ra ctaHgapT-
HOW MpoayKumK, B T.4. 42,6 T/ra ot6opHoii (5-10 cm B guavetpe).

MpuMeHeHne nogkopmku no aHanuay nucta N54K30 n aHanuay nouBbl
N65K45 B chasy Hauana ob6pa3oBaHwst KOpHeNnoaoB 6raronpusTHO OTpasu-
1OCb Ha Pa3BUTUM PaCTEHUIA CBEKITLI, 06LLIas ypoxanHoCTb cocTasuna 51,6
1 54,2 1/ra, ctaHgapTHas 46,0 1 50,0 T/ra, B T.4. oTOopHast 38,2 1 40,9 T/ra.

Caekrna cToroBas nposisuna cebs B OnbITe KaK KynbTypa OT3bIBYMBaS,
KaK K MUHeparbHOMY, TaK W K OpraHu4eckoMy nutaHuio. MNpubasku ypoxasi,
MO CPaBHEHWIO C KOHTPONEM, B NPOLIEHTHOM OTHOLLIEHMM Oblnin Gonee Bbico-
kvie, Yem y MOpKoBW. MOXHO OTMETUTb, YTO Takve SMEMEHTbI MUTaHUS, Kak
a30T U Kanuii IMEOT BECOMOE BMUSIHIE Ha MOBLILLEHWE YPOXaNHOCTU CBEK-
bl CTONOBO. Y BHECEHWM NOAKOPMKM 3TUMM 3NIEMEHTaMM Ha hoHe Bro-
KoMrocTa ypoxanHocTb BospactaeT Ha 23,7-30,0%.

BHecenwe GrokomnocTa B 103e 6 T/ra Jano MUHMMarkHyto npubasky ypo-
XaHOCTW, cKasaracb HexeaTka MUTaTerbHbIX BELLECTB B NOYBE, YTO MOA-
TBEPXKOAETCS AaHHbIMM aHan3a NoYBbl M YEPELLKOB NMUCTLEB, FAe coaepka-

Habntogas 3a GroxyMUYeck M NpoLECCaMy 1 TEM Kak HakannmBaroT-
CS1 OPraHUYECKNE COEANHEHUS! B PACTEHMSX, MOXHO NpoaHanmanpoBaTh Ux
00€eCneyYeHHOCTb NMUTaTeNbHBIMU BELLECTBaMM, 1 He MPOCTO ONpeaenuTb
KONM4eCTBEHHOE COEPXaHNEe HEOPraHNYECKOrO COeAVHEHNS UN OTAEMb-
HOro anemeHTa, Tpebylowerocs AN MPOLECCOB KU3HELEATENbHOCTM
pacTeHvs, a yBUAETb TOYHY0 NOTPEBHOCTb MO 3aBEPLLEHUI0 MeTabonmye-
CKOro npouecca.

Mo pesynbTaTam MPOBEAEHHLIX OMOXMMUYECKMX WCCNEQOBaHWA B
nepvoa yOopKM ypoxast yCTaHOBIEHO, YTO COAEPaHWe Cyxoro BeLLecTBa B
KOpHenogax MopKoBW Haxoamnock B npeaenax 11,4-12,3%, caxapos 7,26-
8,29%, kapoTuHa 6,38-8,16 Mr%, HuTpaToB 73-172 Mr/Kr; B KOpHennoaax
cBEKIbI cTonoBow cooteTcTBeHHO 13,1-15,0% cyxoro Bewectsa, 10,12-
11,68% caxapos, 112,1-156,2 Mr% 6GeTaHuHa, 507-969 Mr/kr HUTpaTOB
(Tabn. 3).

CopepxaHue cyxoro BellecTBa M caxapoB. Obliee cogepxaHue
CyXOro BeLLECTBA SABMSETCS OAHUM 13 OCHOBHbIX BUOXVMIYECKIX NOKa3aTe-
nen Ka4ecTBa OBOLLHOM NPOAYyKLWW. OTa BEMMYMHA OTPaKaeT CyMMapHoe
CoflepXaHne KNeTyaTky, YIMeBodOoB, MUHEpanbHbIX CONel, a3oTUCTbIX
coefHEHWA. YPOBEHb COAEpXaHWs CyxuX BELLEeCTB B KOpHEeMrnoaax
SIBNSIETCS KOMMIEKCHbIM MOKa3aTernem, XapakTepusyloLuM CTEMeHb WX
BbI3PEBAHNS U NEXKOCNOCOOHOCTU. Hapsizy ¢ obLLyM copepkaHneM Cyxux
BELLECTB COAepKaHNEe CaxapoB SBMSIETCS BaXHbIM BYOXMMUYECKAM MOKa-
3aTernieM, OMpeaenstoLLM OpraHONenTUYECKME CBOWCTBA OBOLLHOM Mpo-

= 52,7 — 51,6 5 00 JYKUMW, ee TEXHONOrYeckue CBOMCTBA U JIEXKOCNOCOBHOCTb. Kak 1 Ha
0 a7 2 = COfepXXaH1e CyXVX BELLECTB Ha 3Ty BENMYMHY OKa3biBAET BINSHME KOM-
0 2 MNeKC (PaKTOPOB, CPEAM KOTOPbIX He MocreaHee MeCTo 3aHUMaeT cucTemMa
30 YAOOPEHMIA.

20 O6Hapy»eHa TeHOEeHLMS KOPPENALMOHHON 3aB1CUMOCTI MEXIY HaKor-

o JIEHneM Cyxoro BeLlecTsa U CaxapoB B KOpHeNnnoaax.
¢ AHanmampyﬂ pesynbTtatbl NPOBEAEHHOIO OnbiTa, MOXHO OTMETUTL, YTO

be3 N175P75K270 BwoxomnocT & bW+ Bk +

yaoSpenwi  (507/ra) Wra  nomKopMKa  noaxopmia Ha COZIepXaHie B KOPHEMIONaX CyXoro BELLECTBA U CaxapoB 3aMeTHoe
o g B MONOXUTENBHOE BIMSHUE OKA3bIBAIOT OpraHMueckve YnobpeHus, kak B

OTAENbHOM MPUMEHEHUM, TaK U B COMETAHUM C MUHEPATbHBIMW MOAKOPMKa-
. MU 0 pe3ynbTatamM AnarHocTuky nutaHus [10].
Puc. 2. O6wast u cmaHOapmHas ypoxxaliHocmb 6
ceeksnibI cmonoeoti copm Mynamka Ha BapuaHTax ¢ BHeceHnem BMOKOMMOCTa CofepXaHne Cyxoro BeLle-
Fig. 2. General and standard yield of table beet variety Mulatka CTBa MopkoBU cocTaBuo 12%, a ceeknbl 12,9%. MNpy BHECEHUM MOAKOPMOK
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Ta6nuya 3. BnusiHue y0o6peHuli Ha 6uoxuMu4eckue nokasamenu Kayecmea cmosioebix KopHenn0008 (2021-2023 200ki)
Table 3. Effect of fertilizers on biochemical quality indicators of table root crops (2021-2023)

STECL CIERTIA BUTamMuHbLI* NO;-
LLLEL Bem%c'rso, MOHO- an- > Mr% Mrl?(r’
MopkoBb, copT JlocuHoocTpoBckas 13

Be3 ynobpexuii (k.) 11,4 1,64 5,62 7,26 6,38 73
N405K1s5 (60 T/ra) 11,6 1,42 6,67 8,09 8,16 172
BuokomnocTt 3 T/ra 12,0 2,24 5,62 7,86 6,12 79

B/k + nogkopMka no aHanu3y nucrta 12,3 1,92 6,35 8,27 7,48 111
B/k + nogkopmka no aHanu3y No4Bbl 12,1 1,88 6,41 8,29 7,26 127
HCPys 0,4 0,62 1,23 2,41 0,12 14,8

Cgékna ctonosas, copt Mynatka

Be3 ynobpenun (k.) 13,1 0,21 10,03 10,24 1121 507
N175P75K270 (50 'rlra) 12,1 0,20 9,92 10,12 156,2 969
BuokomnocTt 3 1/ra 15,0 0,25 11,43 11,68 130,3 652

B/k + nogkopmka no aHanu3y nucra 13,8 0,23 11,03 11,26 149,7 808
B/k + nogkopmka no aHanu3y NoYBbI 13,5 0,21 10,91 11,12 142,8 768
HCPys5 1,5 0,11 1,80 1,85 1,2 19,4

*B mopkosu kapomuHoudsl, 8 ceékne cmosogoll bemaHuH

Mo aHanu3am nvcTa 1 NoYBbl ero COAEPXaHWe BO3POCIIO, B CPABHEHWN C
KOHTporem, B Mopkoau Ha 7,9% (nucT) — 6,1% (nousa), a B cekre Ha 5,3%
(nmcT) - 3,0% (nousa).

Ha BapuwaHTax ¢ BHeceHvieM GMOKOMMOCTa CofiepKaHNe CyMMbl CaxapoB
B MopkoBu coctaBuna 8,0%, B ceékne 11,7%. Mpu BHECEHUM NOAKOPMOK MO
aHanu3am nvcTa v NoYBbl, X CoOAepKaHye BO3POCIIO MO CPABHEHMIO C KOHT-
ponem, B MopkoBu Ha 13,2% (rmcT) — 12,1% (nousa), a B ceékrne Ha 10,0%
(nmcT) - 8,6% (nousa) [11].

Hanbonbluee coaepxaHie caxapoB B CBEKIE CTONOBO 3adMKCMpoBa-
HO Ha YMCTO OpraHM4eCcKon cucteme yaoOpeHNsl, 0OfHaKO, Takasi NOBbILLIEH-
Hasi CaxapuCTOCTb MOKET CBULETENLCTBOBATL O HEAOCTATOMHOM MUTaHUM
3TOW KyrbTypbl, MPW KOTOPOM HacTynaeT 6ornee YCKOPEHHOE BhI3pEBaHNE B
yliepb ypoxaHOCTW, U COMPOBOXAAETCS MOBLILLEHHBIM COLEpXaHNEM
caxapos [12].

Tonbko MUHeparbHOe NUTaHue ynyyliano nubo HeaHaunTensHo, NMMbo
YXyZLLUano ka4ecTBeHHbIe nokasaTenu npogykumuu. B MopkoBu copepxaHnmne
CyXOro BeLLECTBa Ha 3TOM BapuaHTe BbINo BhILLE KOHTPOMS BCEro Ha BCEro
Ha 1,8%, a B cBEkne — Ha 7,6% Hwke. CoaepxaHue CymMmMbl caxapos, Mo
CPaBHEHMIO C KOHTPOMEM, B MOPKOBU Obino Bbille Ha 8,5%, a B CBEkme —
Hke Ha 1,2%.

EWweé ogHMM cyllecTBEHHbIM MOKasaTeneM, XapakTepuaylwum Kade-
CTBO KOPHEMMOAOB, CTEMEHb WX BbI3PEBaHUS, SIBMSETCS COOTHOLUEHWE
MEX[y Avicaxapamu 1 MoHocaxapamu, MONIMMEPHBIX M MOHOMEPHbIX (hopM
caxapoB. 1o Mepe Bbl3peBaHus UAET 06pa3oBaHME CHIOKHBIX OPM caxa-
POB, Cry)XallyX eCTECTBEHHbIMW aHTUCENTVKaMW B NEPUOL, XpaHeHus), a
Taloke UCTOMHUKOM 3Heprm Ans audpdpepeHumaLm 1 NnpopacTaHus BEpXy-
LUEYHOW NOYKM. B Monoabix KOpHeNnofax CoAepXMTCS 3HaYUTENBHO MEHb-
LLe caxapoB, YeM B 3pernbiX, U MPeACTaBMeHbl OHW B MOHOMEPHOW chopme,
MO3TOMY OTHOLLIEHWE B HUX KOIMYECTBA Caxapo3bl K COAEPaHWi0 MOHOCa-
XapuaoB 00bIMHO HAXOAWTCS Ha O4eHb HWU3KOM YpoBHE. OBbIMHO paHHece-
nble KOPHENIOZb! XapaKTepuaytoTcs 6ornee H13KUM CoflepXaHneM caxapa
[8]. B npouecce pocTa 1 pa3suTust obllee copepaHne caxapoB B KOpHe-
nnofax yBenuyMBaeTCs, Npy 3TOM MPOUCXOAWT 3HAYUTEMNBHOE YCUNEHWe
OUOCUHTETNYECKIX PEAKLMIA, CBA3AHHBIX C CUHTE30M Caxapoabl, B Pe3yrb-
TaTe YEero OTHOLLIEHWE Caxapo3bl K MOHOCaxapam NOCTOSIHHO YBeNuYMBaET-
cs. o Bcem BapuaHTam HaLLero onbiTa ¢ MOPKOBBIO 1 CBEKIOM 3TOT Moka-
3aTenb NpeBbillan 1, 4To CBUAETENLCTBYET O JOCTATOYHOW CTEMEHM BbI3pe-
BaHUs KOPHENNOAOB. HanbornbLuas Ben14MHa 3Toro COOTHOLLIEHUS Y MOPKO-
BY Oblna Ha BapuaHTe C BHECEHWEM PaCYETHOI 403bl MUHEPanbHbIX YA00-
PEHMI, @ y CBEKITHI CTONOBOW NPU BHECEHM OPraHUYECKVX y0OpEHUIA.

KapotuH B kopHennogax mopkoBu. OcobeHHOCTLI0 0OMeHa BeLLEeCTB
MOPKOBW SIBMSIETCS HaKomneHue OOmbLUOro Konu4ecTBa KapoTMHOWZOB,
KOTOpble OMnpesensitoT KavyecTBO U MUTaTenbHbIE CBOWMCTBA MOPKOBW. 10
CBOEMY CTPOEHWIO OHM NPELCTABMAOT COO0I HEHACHILLEHHbIE YITEBOAOPO-
[bl TEpMeHoBoro psaa. Vix dmanonorudeckas porb cBsisaHa CKopee BCero ¢

3aLLMTON MOreKyn Xropodurna OT paspyLLMTENbLHOMO BO3AEHNCTBUS CUHE-
¢hroneToBLIX NMyvelt CriekTpa U UCMorb3oBaHWe WX SHepruM B mpoLecce
oTocuHTesa [13].

Mo HakomneHWo KapoOTUHOWAOB B MPOLYKLMW BO3LEWCTBME OpraHude-
CKMX W OpraHoOMWHepanbHbIX yOOOPEHWA YCTynano MuHepanbHbiM. [pu
CMOIb30BaHWUM a30THOKaNUIHBIX YA0OPEHNA cofep)aHue KapoTUHOUIOB
Obino Ha 28% BbllLe, YEM Ha KOHTpOIE, a Npu BHECeHUuM GuokomnocTa
yMeHbLUanock Ha 4%. MuHepanbHasi nogkopmka no pesyrnbtatam JICTo-
BOW W NOYBEHHOW AMarHOCTMKM Ha hoHe BrokoMMocTa AaBana yBenuyeHe
coAepxaHns kapoTuHonaos Ha 17% (nuct) n 14% (nousa). Chevalier W. et
al. (2022) Taicke OnMCLIBaKOT B CBOEM OfMbITE MOMNOXUTENBHOE BIMSIHIE BHE-
CeHUsl MoAKOPMOK Ha HakomreHe KapoTMHOWMZOB, ofHako Ha coHe dhoc-
(hOpHO-KaNMIHBIX MUHEPanbHbIX yA0OpeHWI, a He opraHnyeckux [14]. Mo
HdanHbIM Marco E. Mng'ong'o et al nonyyeHHbIx B 2024 rogy Anst NOBbiLLe-
HUSI COLlepXaHUsi KapOTUHOWAOB BHECEHWE a30THbIX YAOOpeHwid nveet
peluatolee 3HaveHue [15]. Takas e 3aKOHOMEPHOCTb €CTb U B paboTtax
Razzaq M. et al. (2017) [16].

BeTtaHuH B KopHennoaax CBEKMbI CTONOBON. beTaHWHbI — 3T0 pacTu-
TenbHbIE MUTMEHTBI, KOTOPbIE SABMSKOTCA MOTNOTUTENSAMM CBOGOAHBIX pagu-
kanoB. OHV NpefoTBpaLLAOT aKTUBHOE KUCMOPOAHO-MHAYLIMPOBAHHOE W
onocpesoBaHHoe CBOGOAHBLIMM pagumKkanamy OKVCTIEHWE BMOMorM4eckux
Mornekyn.

CyLecTByeT KOppensLMOHHAs 3aBUCUMOCTb MEXY CUHTE30M BeTaHu-
HOB U COOEPXaHWEM B MOYBE MOHOB aMMOHMSI WU HUTpaT-MoHOB [17].
Havbonbluee conepxarne 6eTaHnHa Habmoganocs B KOPHENOAax CBEK-
Nbl MPU  WUCMOMb30BaHUM  MUHEpanbHOW — CUCTeMbl  yA0OpeHus.
Mcnonb3oBaHyie NogKOpMOK Takke MOMNOXKUTENBHO MOBMMUSNO Ha HaKomnne-
He GeTaHnHOB. 3apybexHble aBTOpbl OMMCHIBAKOT Cryvae HaKoMmeHus
GeTaLyaH1HOB B KOPHEMNTOAAX CBEKILI MPU ANMTENBHOM a30THOM NUTaHWK
1 perynsipHoM BHeCeHWy nogkopmok [18].

Copepxanue HutpatoB. OpHUM U3 GMOXMMMYECKWX rMoKasaTenei
KayecTBa OBOLLHO/ MNPOAYKUMW, OnpefensieMblX CUCTEMOW yOoOpeHus,
SIBNSIETCS COAEPXaHWe HUTpaToB. JTOT MokasaTenb OnpeaenseT npuroa-
HOCTb OBOLLHOW NPOAYKLMW Anst AETCKOro U AneTndeckoro nutaHus [11].

Haunborbluee KonM4ecTBO HUTPATOB Kak B MOPKOBW, TaK ¥ B CBEKIIE,
Habnoganocs Npu NPUMEHEHWM MWHEPANbHOM CUCTEMbI YAOOPEHUS;
HavMeHbLUee — Npu opraHuyeckoit. CTonosas CBEKNA, B CUy CBOWX B1ono-
TM4eCKMX 0CODEHHOCTEN, OTNMYAETCS MOBLILLEHHON CMOCOBHOCTLIO Hakarn-
nuBaTtb HUTpPaThl. B BapuaHTe ¢ pacyéTHOM [030M MUHEpPanbHbIX yaobpe-
HUIA copepXaHue B Heln HUTpaToB cocTaBuro 969 mr/kr, B MopkoBu -172
Mr/Kr; B BapuaHTe ¢ G1okoMnocTom - 652 Mr/kr B cBEKre, 79 Mr/kr — B Mop-
koBu. INMogKopMKM MUHeparnbHbIMK YA0OPEHsIMM Ha (DOHE OpraHNYECKVIX,
HECKOIBKO YBENWYMBANMW COAEpKaHWe HUTPaToB B npoaykuuu. OpHako npe-
BbiweHys MOK no Hutpatam (1400 mr/kr ans ceéknbl, 250 Mr/kr anst Mopko-
BY) HY B OQHOM W3 Bap1aHTOB OrbiTa He Habmoaanocs.
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3aknoyeHve

YpoxaiHoCTb MOpKoBM cocTaBuna 51,2-63,9 T/ra ¢ BbIXOAOM CTaHAapT-
How npoaykuun 87,4-94,6%, ypoxanHoCTb CBEKMbI cTornoBom 41,7-54,2 1/ra,
C BbIxoZOM cTaHgapTHoi npoaykuun 80,7-92,3%. MuHumarneHas yposkaii-
HOCTb NOITy4eHa Ha KOHTPOIE, a Takoke Npy OCHOBHOM BHECEHWM GUOKOMMO-
cra. [NogKopmky No pesynbTaTtaM NOYBEHHON AWArHOCTUKM NUTaHWS! MO3BO-
MMM NOBBICUTL YPOXaRHOCTb 40 24,9% y mopkosu (N52K14) n go 30% y
cBéxnbl (N65K45) B cpaBHEHUN € BapyaHTOM B1IOKOMMOCT B OCHOBHOE BHe-
ceHue. lNoakopMka MO aHanmM3y YepeLuKoB NUCTLEB Taioke obecneunna
YIyYLLIEHWEe NUTATENBHOTO PEKMA NOYBLI M PACTEHUIA, YTO arno npubasky
ypoxast MopkoBw 16,6%, cBEkMbI 23,7% Kk hoHy € BHECEHVEM GMOKOMMOCTa.

Mo pesynbTatam NpOBEAEHHBIX DUMOXMMMYECKUX WCCIEefoBaHUA B
nepuop, y6opku ypoxasi yCTaHOBMEHO, YTO COAEepXKaHWe Cyxoro BeLle-
CTBa B KOpHeMnodax MOPKOBM Haxogwunocb B npegenax 11,4-12,3%,
caxapoB 7,26-8,2%, kapoTuHa 6,38-8,16 mr%, HutpatoB 73-172 mr/kr;
B KOPHENIoAax CBEKIbI CTONOBO cooTBeTcTBEHHO 13,1 — 15,0% cyxo-
ro Beuwlectea, 10,12-11,68% caxapos, 112,1-156,2 mMr% 6GeTaHuHa,
507-969 mr/kr HUTpaTOB.
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e oo ot OPOLLIEHNS MPK BbIpaLLMBaHIAN
A5, Towonen NO40BbIX U ArOAHBIX KYNbTYp

AM. Cenusepcros* B nMTOMHMKe @

Poccuiickiit rocyaapcTBEHHbII arpapHbli YHUBEpCUTET —
MCXA nmerm KA. Tummpsiaesa,
127434, Poccuitckas depepaums,
Mocksa, yn. Tumupsizesckas, a. 49 PE3IOME

B nocneaHue roabl akTMBHO NPOBOAUNMCL UCCNEA0BaHUSA NO UCMONb30BAHUIO KanenbHOro opo-
*Corresponding Author: seliverstovantonm@yandex.ru ~ WEHWA NP BbIpallMBaHWK NNIOAOBLIX M ATOAHBIX KyNbTYP. W3BecTHO, YTO KanenbHoOe opolleHne

€noco6CTBYET IKOHOMMM NONMBHOW BOABI, @ TAKKE CO3AAHMI0 ONTUMANbHOTO BOAHO-BO3AYLLIHO-
Bknad asmopos: [lyGerok H. H.: koHuentyanusauus, O PEXMMa MOYBLI B Te4eHWe BCEro BereTaunoHHOro Nepuoaa, 4To No3BoNAeT yBenuyuTeL ypo-
DYKOBOACTBO CCTIENI0BAHMEM, aaMMHVCTpUpoBanve  KAWHOCTL CEMbCKOXO3ANCTBEHHbIX yroaui. Bnaropaps TexHM4eckMM 0COGEHHOCTAM KanemnkbHow
npoekta. MemoHos A. B.. MeTomororus, pykosogcrso  CMCTEMBb, [aHHbIN CNOCO6 OPOLEHUS MOXHO MPUMEHATb ANA BbipalWBaHWA CaMbiX PasHbIX
KyNnbTyp, C BbICOKOW CTENEHbI TOYHOCTU HacTpamBas ee nop ¢uU3nornornyeckne NnoTpedGHoCTH
pacTeHWi B 3aBUCMMOCTM OT NPUPOAHO-KNMMaTUYECKNX yCnoBuin Tepputopui. KanensHoe opo-
WweHne obecneynBaeT nogayy BoAbl HENOCPEACTBEHHO K KOPHEBOW CMCTeMe pacTeHUs, Takum
obpa3om Bofa He 3aiePKMBAETCSA HA JIMCTLAX, YTO 3HAYMTENBHO CHUXKAET BEPOATHOCTL BO3HMUK-
HOBeHMA GonesHen, cosfaet 6GnaronpUATHLIN MUKPOKNUMAT B NPU3EMHOM CFO€, He NPOUCXOANT
nepeynnoTHeHUs NOYBLI, YTO YNyyllaeT ee a3pauumio U pa3BUTUE KOPHEBOW CMCTEMbI OpoLlae-
MbIX KyNbTyp, a Takke CnocobCcTBYeT yMeHbLUEeHNI0 pacxoaa BoAbl. Kpome Toro, Yepes cucremy
KanenbHOro OpoLIeHNs MOXHO NMojaBaTb BOAOPAaCTBOPUMbIE YAOOPEHUs, NUTaTeNnbHble Belle-
CTBAa W MUKPO3NEMEHTbI, HeOOX0ANMbIE ANA pocTa M Pa3BUTUA PacTeHUN, YTO [enaeT CUCTEMY
yHMBepcanbHoOW ANs NPMMEHEHUs B CeNbCKOM xo3ancTee. B ctatbe npuBeneH aHanu3 n 0606-
WeHWe pe3ynbTaToOB MPOBEAEHHLIX HEKOTOPbIX WCCNeAoBaHUA M PaboT Mo MCNONb30BaHWIO
KanenbHOro OpolleHns B cafax U NMUTOMHUKAX, ANS BbIpalMBaHNA NNOAOBLIX U ATOAHbLIX KyNb-
Typ. PesynbTaTthl paccMOTPeHHbIX paboT U uccneaoBaHui NOKa3biBaKT, HACKONbKO COBPEMEH-
Hble CUCTEMBI KanenbHOro opoLleHus 3dheKTUBHbI, KaK AaHHble CUCTEMbl OTNIUYAKOTCA OT ApYy-

TMX Cnoco6oB OPOLUEHUS, KaKne NMeKTCA HeAoCTaTKK, a Takke Mo KakuM nokasatensiM npeBoc-
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ABSTRACT
In recent years, research has been actively conducted on the use of drip irrigation in the cultiva-
tion of fruit and berry crops. It is known that drip irrigation helps to save irrigation water, as well
as to create an optimal water-air regime of the soil throughout the growing season, which allows
increasing the yield of agricultural land. Due to the technical features of the drip system, this irri-
gation method can be used for growing a wide variety of crops, adjusting it to the physiological
script creation and editing. Seliverstov AM. conducting  peeds of plants with a high degree of accuracy, depending on the natural and climatic conditions
research, formal analysis, manuscript creation and edifing. o the territory. Drip irrigation provides water supply directly to the root system of the plant, so
water does not linger on the leaves, which significantly reduces the likelihood of diseases, cre-
Conflict of interest. The authors declare that there ates a favorable microclimate in the surface layer, there is no over-compaction of the soil, which
are no conflicts of interest. improves its aeration and the development of the root system of irrigated crops, and also helps
to reduce water consumption. In addition, water-soluble fertilizers, nutrients and trace elements
For citation: Ivanova M.I., Polyakov A.V., Kashleva  npecessary for plant growth and development can be supplied through the drip irrigation system,
A.l. Genetic resources of some representatives of the  which makes the system universal for use in agriculture. The article provides an analysis and
genus Allium L. Vegetable crops of Russia.  generalization of the results of some studies and works on the use of drip irrigation in gardens
2025;(3):100-105. (In Russ.) and nurseries, for the cultivation of fruit and berry crops. The results of the considered works
https://doi.org/10.18619/2072-9146-2025-3-100-105 and studies show how effective modern drip irrigation systems are, how these systems differ
from other irrigation methods, what disadvantages there are, and also by what indicators they are
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BeepeHune

anenbHoe opoLLeHVe SBNAETCS OQHUM U3 BeEAYLLUUX METO-
qus OpOLLUEHNS B COBPEMEHHOM CENbCKOM XO3SANCTBE.
[MepBble ynomunHaHusa O AaHHOM crocobe nonvBa OTHOCATCS K
cepeaunHe 20 Beka, OHAKO COBEPLUEHCTBOBAHNE TEXHUKU, TEX-
HOMorMM N MeToaMKM MorMBa BeAETCS U MO cell AeHb, Kak 3a
pybexom, Tak m Ha TeppuTtopum Poccuickon Pepepaumu.
KanenbHoe opolueHne obecneunBaeT nogady Boabl, nubo pac-
TBOPEHHbIX B BOAE NUTATENbHbIX BELLECTB HEMOCPEOCTBEHHO K
KOPHEBOM cUCTEME pacTeHus, He nonajas Ha §nUCTbs, 4YTO
3HaYNTENBbHO CHMXKAET BEPOATHOCTb BO3HMKHOBEHNS BonesHen,
co3faeT bnaronpusaTHbLI MUKPOKIMMAT B NMPU3EMHOM CIoe, He
NPOVCXOAUT MepeynnoTHEHUs MOYBLI, YTO ynydyllaeT ee aspa-
LMI0O U pasBUTUE KOPHEBOW CUCTEMbI OpPOLUAEeMbIX KyrbTyp, a
Takke cnocoOCTBYET YMeHblUeHMo pacxoaa Boabl 1.4-4.7 pasa
[11 »n 3HaunTenbHOMy yBenuueHuro 3dPdEKTUBHOCTU MOMuBa.
Bnarogaps To4e4YHOMY OpPOLLEHWUIO, HEe 3aTparvMBaroLLeMy Mex-
aypagps, yxyalwarTcs YCnoBusa A51s pocTa U pasBUTUSA COPHbIX
pacTeHuin, YTO coKpallaeT 3aTpaTtbl Mo yxody, KONMyecTBO U
o6bem NpoBeAeHUst arpoOTEXHNYECKUX NMPUEMOB, @ Takxke yry4-
laeT YycrnoBus Mpou3pacTaHus BblpallMBaeMbiX KyrnbTyp.
CoBpeMeHHble CUCTeMbI KanenbHOoro nonvea obnagawT gocTa-
TOYHOW MOOUIBHOCTLIO Y MOTYT ObITb NMEepeMelleHbl Ha CMeX-
Hble TEeppuTOpUKN, CXOXMEe MO XapakTepy penbeda u cxemam
nocagkn pacTeHun, 4YTo NoBbIWAEeT YHUBEPCANbHOCTb NPUMEHe-
HMS AaHHoro cnocoba opoleHus. Ele ogHMM BaXKHbIM Npenmy-
LLIeCTBOM CUCTEMbI KarneribHOro OpOLUEHUS ABMASETCA BO3MOX-
HOCTb aBTOMaTM3auny nMbo AMCTaAHUMOHHOIO YnpaBreHus,
CoKpaLLalLLMM He TONbKO 3aTpaThl Ha onepaTopoB M 06CnyXu-
BalOLWNA NepcoHan, HO 1 NO3BOSAOLWMM MPON3BOAUTL OpPOLLE-
HWe no 3apaHee 3aaHHOMY anropuTMy C y4eTOM U3MEHEHUS
NOroAHbIX yCnosun. He ManoBaXHbIM SIBMSAETCS U TO, YTO CUCTe-
Ma KanerbHOro OPOLUEHUS MOXET MPUMEHATLCA Ha TeppuTo-
pUSIX CO CMOXHbIM UMW HEOAHOPOAHBIM penbedoMm, YTO NO3BO-
nsgeT NPUMEHATb AaHHbIM BUA OPOLUEHUS Ha 3eMnsX, KoTopble
n3-3a ocobeHHoCTeln cBoer Tonorpaduv ObiNMM He NPUroaHbI

A5 Knaccu4ecknx MeTogoB OPOLLEHUS.

MaTtepuan n metoabl

KanenbHoe opolueHune, 6onee 4em 3a NonyBEKOBYH MCTOPUIO
CBOETO CyLLECTBOBaHUSA, 3apekoMeHa0Barno cebsi kak 3KOHOMMWY-
HbIi U BbICOKOI((EKTUBHBIA CNOCOO OPOLLEHWUs] PasfMUYHbIX
CEIbCKOXO3SINCTBEHHbIX KyNbTyp, OT OBOLUHbIX [0 SroAHbIX
KyCTapHUKOBbIX U  MNNOOOBbIX  APEBECHbIX  pacTeHUNn.
CyLecTByeT HECKOIbKO OCHOBHbIX TWUMOB KanernbHbIX CUCTEM:
neHToYHasa (nabupuHTHas!, aMUTTepHasi) u TpybouHas, koTopasi
MOXeT AnddpepeHumMpoBaTbCA: NO TUMY KanenbHWL, TOMLMHE
TpybOK, pacxody BoOAbl, pabovyemy [AaBrneHuo, avameTpy, a
TaKkKe pacCTOSHMI0 MEXAY KanenbHULamu.

Pe3ynbTaTthl  06CcyxaeHuUs

VccnenoBaHus BNNSIHUS KanerbHOrO OPOLLEHMS Ha CaXKeHLbI
NMOAOBbLIX M AroAHbIX KynbTyp MMeHT obLIMpHENLyo reorpa-
o, BbISBNASA BNUSHME KITUMATUYECKMX, 34aduieckmx n opo-
rpadmyecknx akTopoB Ha PYHKLMOHMPOBAaHUE, SKCMTyaTaLuio
N PEXUM OPOLLEHMS UCCneayemMbixX KynbTyp.

MHorouMcneHHble MccnegoBaHWsa MO NMPUMMEHEHUO Kamnesb-
HOrO OPOLUEHWUSI MPWU BbIPALLMBAHUN CaXKEHLEB MNOAOBLIX ©
AFOAHbIX KyNbTyp B MUTOMHUKaX AEMOHCTPUPYIOT €ro nepcnek-
TMBHOCTb B YCIOBMSAX HEeAOCTaTOYHOW BofoobecneyeHHOCTU
unu 3acywnueoro knumara [2;3;4;5;6;7]. B nccneposaHusix C.B.
PsabkoBa [8;9] mokaszaHO BRMSIHWE KanefbHOro OPOLUEHMSI Ha
MoYBbl NOA, MHOTONETHUMUN HacaXaeHUAMN SOMOHN B YCIOBUAX
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ctenun. [na yBnaxHeHUst NOYBbI MUCMOMb3oBanack Boga C pac-
TBOPEHHBIMW OPraHM4YeCKUMU, OpraHOMWHeparnbHbIMK, OO
MUHepanbHbIMK yaobpeHusmu. BriaxHocTe novs B cnoe 0-60
CM nopaepxuBanacb Ha ypoBHe 75-80% HB. Pesynbrathbl
UCcCnefoBaHUst mnokasanu, YTO KarnerbHOEe OpOoLUeHUEe B 30He
yBNaXHEeHWS HE CNocoBCTBYET KPUTUYECKOMY NepeynioTHEHNIO
N HapyLLeHWIo aspaLm NoYB, a TOMbKO NOAAEPKMBaAET BOOHbIN
W NUTaTenbHbI PEXUMbI NMOYBbI Ha OMTMMarnbHOM ypoBHe. B
noyesax Mo MHOTOMNETHVMU HacaXOeHusMW, 3a npegenamu
30HbI BO3ENCTBMSA KanenbHOro opolleHus Habnogaertcs nepe-
yMroTHEHVE W 3aTBepAeBaHMe BEPXHEro Crosd nousbl. Takue
npouecchl HabnoaaTca B MeXAypsiabsX, KOTopble Ha NpoTs-
XKEHUM pocTa U pasBUTUS cafla HaxXoAWMUCb NoA MOCTOSHHBIM
HeraTMBHbIM BO3[EWCTBMEM CPEACTB MexaHu3auuu, npyu nomo-
LM KOTOPbIX NPOM3BOANMNACL arpOTEXHUYECKUI YXO[ 3a CaKeH-
uamu. Bbicokve nmokasatenu NNOTHOCTM MO4YBbI HabrnogawTca
UCKITIOYNTENBHO B MeXOypsabsxX U CBUOETENbCTBYKT O Hera-
TMBHOM BIUSIHAN arpOTEXHUYECKMX NMPUEMOB, BIIMAHUN Kanenb-
HOro OpOLUEHUSA Ha NepeynsioTHEHUE MOYBbI HECYLLIECTBEHHO U
He BNUSIET Ha POCT U Pa3BUTUE CaXXEHLIEB.

Bonpocbkl pa3BuTus KOpPHEBOW cUCTEMbI SA6MOHEBOro caja
noz, KanernbHbIM OpoLLeHNeM BbInu packpbITbl B UCCNEA0BaHUSAX
B.N. KpemeHckoro [10;11;12]. iccnepoBaHne KOpHEBOW cCUCTe-
Mbl npoBoaunocb MeTtogoM «MoHonuTa», cxema OnbiTOB
BKItoyana B cebsa 5 BapMaHTOB BHYTPUMOYBEHHOMO YBIaXXHEHWS
n 1 BapuaHT KanenbHOro opolleHus. JlokanbHble Cnocoobl
MonuBa, Takme Kak, KanerbHbIA U BHYTPUMOYBEHHbIN MO3BONSIOT
HenpepbIBHO NOAAEPXKMBATbL ONTUMaIbHbIA PEXUM YBIaXHEHUS
pacTeHuin B KOPHEOOUTAEMOM Croe MOYBbI, YTO MOMOXUTENBHO
CKasblBaeTCA Ha poCTe M pPasBUTUM KOPHEBOW CMCTEMbI UCCIe-
Ayembix caxeHueB. [Mpu yBenuyeHun obbema yBraxHeHus B
30HE MUTaHUA, ONMHA U Macca KOPHEBOW CUCTEMbI, yBEnu4u-
BatoTcs. [NOTHOCTb KOPHEN B NOYBE pacnpefensieTcs HepaBHO-
MEPHO, OHa TEM BbILLE, YeM BnmKe K MCTOYHMKY yBraxHeHus. B
pesynbTaTte OMbiTa, MPW KanernbHOM OpOLUEHWMW, MOYBEHHBIN
ropusoHT (0,0...0,6 m) Gonee Bcero HacbIWEH KOPHAMW, Mpu
BHYTPMNOYBEHHOM MONMNBE, OCHOBHAs YacTb KOPHEBOW CUCTEMbI
pacnonaraeTcs B cnoe noysbl 0,2...0,8 m.

M3yyeHne kanenbHOro OpoLLEHUS, Kak Pa3HOBUOHOCTb BHYT-
punoyseHHoro nposoaun T.3. LWoHTykoB [13;14]. B ero pa6bote
npuBeaeHbl MpeumyLLecTBa KanernbHOW CUCTEMbl OpOLLEHWS,
Takve kak: OGonee paHee co3peBaHVe OpOLIaeMbIX KynbTyp;
6onee nyylwasa aspaums KOpHeoObUTaeMoro crnosi NoYBbl; Npea-
OTBpalleHVe BbilenadvBaHus, npeoTBpalleHne BOAHOW 3po-
31K, 3aCOMEHUsI MOYBbI; OTCYTCTBME MEXaHUYECKOro BO3Aen-
CTBMS Ha HaAMOYBEHHYK YacTb pacTeHui (npegoTBpalleHuve
OXOroB nucta, rpubkoBbix 3aboneBaHuii n T.n.). MNMpuHuMnom
TaKoW CUCTEMbl SBNSETCH MOCTOSIHHOE CHabXeHue pacTeHun
BOJOW U HEOBXOANMBIMU MUKPOINIEMEHTAaMMU, PACTBOPEHHBLIMU B
BOE, B ONTMManbHOM KOMMYECTBE, MCXOAA M3 cbuanonormye-
CKunx noTpebHoCTel pacTeHnin. HeocnopyMbiM NpenMyLLeCTBOM
CUCTEMbI KanenbHOro OpOLUEHUS SABNAETCA BO3MOXHOCTb
3HauYUTENbBHOW CTeneHn ee aBToMaTtusauuu, a Gnarogaps KOH-
CTPYKLMN, NOTEPU BOAbI OT UCTIAPEHUS 1 (PUNBTPALIUN CHXKAKOT-
CA OO0 MVHMMyMma. Takvme cucTeMbl crefyeT UCMonb3oBaTb B
parioHax ¢ orpaHMYeHHbIMU BOOHBIMW pecypcamu, rae BcTpeya-
€eTCHA OoCTpas HexBaTka OpOCUTENbHOW BOAbl. TakMM obpasom,
UCXoAst U3 pe3ynbTaToB UCCNEAOBaHUS, cMcTeMa KanenbHOro
opoLleHns noBbIaeT 3¢deKTMBHOCTb MOMMBOB, COKpaliaeT
BpeMSA MONuBa, MOBbILIAET 3KOHOMMWIO BOAbl W yAobGpeHun,
COKpalLaeT YacToTy NpoBeAEHUSA arpOTEXHUYECKUX NMPUEMOB.

B nccneposanum H.H. [y6eHka [15;16] no BAnAHWIO Kanesb-
HOro OpOLLEHNs Ha (POPMUPOBaHME CaXeHLIEB MarnvHbl, Obin
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3anoxeH AByXdaKTOPHbIV OMbIT, KOTOPLIA 3aKM4Yarncs B usyye-
HUM BIUSHUS Pa3fUYHbIX PEXUMOB YBIaXXHEHWUS Ha pasBUTUE
[OBYX COPTOB ManuHbl. [lepBbiM (hakTOpoM BbICTyNanu pexvmbl
yBnaxHeHus (1. KonTponb (6e3 opowerus); 2. 80% HB; 3. 70%
HB; 4. 60% HB), B ka4yecTBe BTOpPOro caktopa BbICTynanm
copta manuHbl («ConHblwko» 1 «Harpaga»). CaxeHupl Obinu
nocaxeHbl nNo cxeme 1x0,6 M. V3-3a NOBEpXHOCTHOrO pacnoso-
XKEHWNS1 KOPHEBOW CUCTEMbI ManuHbI, OHa OYeHb TpeboBaTenbHa
K pexXvMy yBnaxHeHusl, npy ns3bbiTke BNarn Habnogaercs yrue-
TEHWE pacTeHUIN B CBA3U C HEXBATKOM Kucrnopoga. Mpu gedouum-
Te Bnaru, ManuHa UCMbITbIBAeT YrHETEHNE, B CBA3M C BbICOKMM
YpOBHEM TpaHcnupauun. B xoae nccrnenoBaHus Obin ycTaHOB-
NEeH ONTUMarbHBIA PEXUM BMAXHOCTU MOYBbLI, UCXOAA U3 Buo-
METPUYECKMX MOKa3aTenen pacTeHWd U XapakTepUCTMKM MoY-
BEHHbIX yCnoBui. PacTeHns, koTopble nonyyanu yBnaxHeHue
NMOCTOSIHHO, Umenu Gonee pasBUTYHD KOPHEBYK CUCTEMY, MO
CpaBHEHMIO C TeMU, KOTOpble He noABepranuncek opolleHunto. Ha
yyacTkax, rae npoBoAauncst NonvB, KOPHeEBas cuctema pacrnona-
ranacb B naxoTHoMm croe nouyebl (5-15 cm), B BapuaHTax 6e3
OpOLLEHNsI OHa pacnpoCcTpaHanacb B HMXenexaiime criou
MoYBbl.

Mo mHeHuto H.H. Boguuua, [17] gaxe KkpaTKOBpeMEHHble
3acyLlunuBbIe nepuoabl CNOCOOCTBYIOT yXyALleHuto Braroobec-
NMEYEHHOCTU CENMbCKOXO3ANCTBEHHBIX KyNbTyp. 3a cYeT kanenb-
HOTO OpPOLUEHUS MOXHO WCKIIOYUTb TakMe nepuoabl, Tak Kak
Bnara, Npv UCNosb30BaHUN KanernbHOW CUCTEMbI, MOXET MOCTY-
natb B MO4YBY HEMPEPLIBHO U [03MPOBaHO. B coBpeMeHHbIX
cafjax BCe Yalle MCMosb3yloT KanenbHy CUCTEMY OpOLLEHNS,
NMO3BOSSAOLLYI0 CBOEBPEMEHHO 1 06€3 NoTepb AOCTaBMATb BOAY K
pacTeHVsM, 4TO MOBbILAET YPOXAMHOCTb XO3ANCTB 3a cyeT
UCKIMIOYEHNS BNUSHMSA HeOnaronpuaTHbIX NEPUOLOB Ha POCT U
pa3BuTUe pacTeHuin. B paboTte paccmatpuBaeTcs KanenbHas
CMCTEMA OpPOLLEHUS C MOBEPXHOCTHBIM BOAOPACMpeeneHreM.
MeTogmka 3aknioyaeTcss B ManOUHTEHCMBHOW nodaye BOAbI
HenocpeacTBEHHO B MPUKOPHEBYI 30HY pacTeHuin. Cap 6bin
pa3but no cxeme 4x1,5 M., PEXMM OPOLLUEHWUS] pacCUYUTaH C
YCINOBMEM METOOUYECKMX OOKYMEHTOB WM PEKOMeHAAUMNA, npu
95%  obecneyeHHocTM peduumta  BOOONOTPEONEeHus.
VMcnonb3oBaHue KanenbHOW IEeHTbl BMECTO OPOCUTENbHbIX
KanenbHWL, MO3BOMUIIO CHU3UTb 3KOHOMUYECKME 3aTpaTbl Ha
YCTaHOBKY MOA0OHOW CUCTEMBI, TEM CaMbIM CAenaB NPOAYKLUMIO
Oonee JoCTynHOW NoTpebuTento.

WccneposaHne E.H. JlyHeson [18;19] HanpaBneHo Ha
BbIIBNIEHNE OCOOEHHOCTEN KaneribHOro OpOLUEHUSA OPEBECHbIX
KynbTyp OT NMonvBa OBOLLHbIX. [oCcKoNbKy cafbl ABASKTCA MHO-
roneTHUMMN HacaXXaeHUsIMK, TO yXo 3a y4acTkaMu oTnmnyaeTcs
OT yX0Aa 3a OBOLLHbIMM KynbTypamu, KOTOpble MOXHO obpaba-
TbiBaTb C BbICOKOW CTENEHbLIO MeXxaHusauun. Takke Ansa ApeBec-
HbIX pPacTEHU XapaKTepHO acCMMETPUYHOE pacrnpocTpaHeHue
KOPHEBOW CUCTEMbI B MOYBE, HA €€ PACMOSIOXKEHVE B NMOYBE OKa-
3bIBAOT BMMSHME CMNOCOObI, OOBbEMBbI U PEXMMbI OPOLLEHNS.
3Has 3aBMCMMOCTb BIWSIHUS KOHTYPOB YBMAXHEHUS MO4YBbl Ha
reoMeTpuyeckne napameTpbl KOPHEBOW CUCTEMbl PaCTEHWN,
npouecc MNnaHUpoBaHUA M peanu3aumm CUCTEM OpPOLLEHNS,
MOXeT ObITb YMPOLLEH U ONTUMU3NPOBAH.

B uensax BopocbepexeHusi opocutenbHon Boabl WN. XK.
Xypaves [20;21] B cBOEM MCCreA0BaHMM UCMONb30Ban cucTeMy
KanenbHOro OpOLUeHUs ANs pacdeTa ONTMMAalbHOro pexuma
yBNaXHeEHMs B WHTEHCMBHbIX capax byxapckonm obnactu
Y3bekncraHa. NonyyeHHbIX B XoAe OmnbiTa pe3ynbTaThl NOKasbl-
BalOT, YTO KanenbHOEe OPOLLEHNE NMEET CYLLECTBEHHOE Npenmy-
LLIeCTBO MO CPaBHEHWIO C OCTanbHbIMM cnocobamu nonuea B
YCINOBUSIX OrPpaHMYEHHbIX BOAHbIX pecypcoB. KanenbHbI cro-

MEJIMOPALINA, BOOHOE XO3ANCTBO N ATPODUINKA

cob nonuea cokpaTtun 3aTpaTbl NONMBHOW BOAbI HA OpPOLLAEMbIX
Tepputopusix 4o 40%, 4To SBNsSeTCS CyLeCTBEHHbIM MoKa3aTe-
nem. Takxe pacxon ynobpeHuii, pacTBopsieMbix B BOAE COKpa-
Tunca Ha 50%, 4TO oOKasbiBaeT OrpOMHYH) 3KOHOMWYECKYH
3h(PEeKTMBHOCTbL Ha BefeHMe X03ancTBa. HaumeHbluas Bna-
rOEMKOCTb Ha OMbITHOM y4acTke coctasuna 19,5% B cnoe 0-50
cM. B xoae akcneprMeHTa ObIfno BbISIBNEHO, YTO PEKOMEHA0BAH-
Has BMaXHOCTb MOYBbI ANS ONTMMAarnbHOrO MpomM3pacTaHus
pacTeHuin Ha ydacTke coctaBnseT 60-80% HB. PaccmoTpeHHbIin
cnocob kanenbHOro opolUeHns AaéT BO3MOXHOCTb noaaepxa-
HMS MaxoTHOro Crnos MoyBbl B Gonee pbIXITIOM COCTOSIHUU W©
CYLLECTBEHHO COKpallaeT MoTepto BOAbl Ha unbTpauuio u
cbpockbl BOAbl Ha OPOLLAaeMOM y4acTke.

B ycnosusix Cnbupckoro pernona, A.B. LnwknH [22;23] nsy-
Yan pacnpefeneHue Brary B NMo4YBe MNpW KanerbHOM MonvBe
Xumornoctn n obnenuxn. Cxema onbita umena sug 0,7x0,3 m.
BapuaHTbl onbiTa Bkntoyanu B cebs yyacTku ¢ OpoLLeHneM, npu
nonmeHon Hopme 70% HB, 1 KOHTponbHyto rpynny — 6e3 opoLue-
Husa. [ocne nmocagku pacTeHwui, B nepuof Beretaumu, Obinu
npoBeaeHbl MONMBbLI NPY NMOMOLLM CUCTEMBI KanerbHOro opoLle-
HMS, B 0Obemax, 3aBUCALLUX OT CHWKEHMS 3anacoB Bnaru B
noyse. HabniogeHns nokasanu, YTO Ha BapuaHTax C OpPOLLEHM-
eM Briaro3arnac noyBbl OKa3amncsi Bbille, YEM Ha KOHTPOIbHbIX
yyacTkax, B MeXaypsabsx Takke Habnwopganacb CHWDKeHue
BMaXXHOCTU MOYBbI, MO CPABHEHMWIO C OPOLUAEeMbIMK y4acTKamu.
B wutore, nogaepxaHve onTUManbHOrO BOLHOIO pexuma ang
CaXeHLEB XMMOMOCTN U obnenuxu, MoxeT ObiTb obecneyeHo
KanenbHbIM CNOCO60M OPOLLEHHMS!, YTO NO3BONUT AOCTUYL Bonee
BbICOKMX MOKa3aTefien B poCTe U pasBUTUN pacTeHuin. [aHHbIn
cnocob opoLLEeHNs ABMNSETCS NepCrneKTUBHBIM U TpebyeT Aarnb-
HeMLEero n3y4yeHns 1 BHeAPEHUS B Pa3fnuyHbIX NPUPOAHO-KMKW-
MaTUYeCKMNX YCIOBUSAX, @ Takke ANsi NepCrneKTUBHbIX CafoBbIX,
ArOAHbIX U MIIOA0BbLIX KyNbTyp.

B.B. bopogbives [24;25] paccmaTtpuBarn pexXuMbl KanenbHOro
OpPOLLUEHUS U X BNUSIHWE Ha MPOAYKTUBHOCTbL SSI6NIOHEBOro caga
B ycroBusix Bonrorpagckon obnactu. bbin 3anoxeH akcnepu-
MEHT, LIeNblo KOTOPOro ObINO peLleHne 3agaym no onTumMusauum
BopgonoTpebneHns A6noHeBOro caga WHTEHCMBHOrO Tuna.
BmecTte ¢ Bogon, no cucteMe KanerbHOro OpPOLLEHMS, K pacTe-
HVSM MoJaBanvcb NOMHOCTBIO pacTBOPMMbIE B BOAE MUHEparb-
Hble yaobpeHusa. Cxema nocagky caxxeHueB A06M0oHN umena Bz
3,5x0,7M., OBYX(haKTOPHLIN OMNbIT BKIOYan B cebsA: nepsbi
dakTop - ypoBeHb npegnonueHon BnaxHoctn (70% HB; 80%
HB; 90% HB), BTOpbIM (hakTopoM BbICTyMan ropu3oHT NpoMaYm-
BaHusA noysbl (0,4 m.; 0,6 m.; 0,8 m.). iccnepgoBaHune passutus
KOPHEBOW CUCTEMbI CaXeHLIEB NPOU3BOAMITOCh METOAOM MOHO-
nuTa. Pe3ynbTaTbl OnbiTa NOKa3anu, YTO PEXUMbl yBMNaXKHEHNUS
OoKa3blBalOT 3HaYUTENbHOE BMMsHUE Ha BoponoTpebneHve
caxeHueB s6moHu. Hambonblumi npupoct noberos, a Takke
yBENMYEHUE YPOXaMHOCTM ObInn MonyveHbl Npu NoAAep)KaHUU
npeanonMBHbBIX MOPOroB BM&XHOCTU Ha rnybuHe 0,6 M, yemy
CnocobCTBYET KanernbHas cMcTeMa OpOLLEHUS, KOTOpasi yBnax-
HSIeT MOYBY TOYEYHO MOA CaXeHLamu.

OcoBEeHHOCTM BMUSHMSA KanenbHOro OPOLLEHWS Ha CaXkeHUbl
XXMMOIOCTK, NpY AopaLiuBaHMmM Nnokasarna B CBOEM MccrnenoBa-
HuM M.A. PbixoBa [26;27]. OHa nayyana aToT BONpPOC B 3acyLu-
nMBbIX ycroBusax necoctenu 3anagHor Cnbvpu. OnbIT BKAOYan
B cebsi nocagky caxeHueB xumornoctu no cxeme 0,7x0,2 M., a
Takke BapuaHTbl OMnbiTa B 3aBUCMMOCTU OT KONMYecTBa MocTy-
naemow B MOYBY Briarv, Npy NoOMOLLM KanenbHON OPOCUTENBHOW
cucTeMbl (6e3 opolueHns — koHTponb; 60-70% HB; 60-80% HB;
70-82% HB). CopT xumornoctn — «bepenby», OnbIT 3aNoXeH B
TPEXKPaATHON MOBTOPHOCTU. WM3mepeHns n maTemaTtuyeckas
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06paboTka pe3ynbTaToB NPOBOAMITUCE MO PEKOMEHAALMOHHBIM
maTepuanam B.A. locnexosa. o pe3ynbTatam nccnegoBaHum,
BbISIBMIEHO, YTO Ha KOHTPOMbHOM BapuaHTe OnbiTa BMaXHOCTb
noyBbl 6bina MUHUMAarbHON 1 Haxogunace B UHTepBane ot 56%
0o 66%. OpgHako, Aaxe 3TOro KOnm4yecTBa BHYTPUMOYBEHHOW
Bnary ObINO AOCTATOMHO AN HOPMarbHOW XKU3HU U pa3BUTUSA
CaxeHLEeB XumMonoctn. CpaBHUTENbHbIA aHanM3 KayeCTBEHHbIX
nokasaTternen uccnegyemMbix pacTeHui nokasar, 4to onTMMarnb-
Has BNa)kHOCTb MOYBbI HA y4YacTke, AN HaUMy4Lllero pasBuTus
XMMOMOCTM AaHHoro copTa, coctaBuna 60-70% n 60-80% ot
HaMMeHbLLEen BraroeMkoct. HanbonbLumii NpupocT Hag3eMHoOM
4YacTu pacTeHUI Kak B BbICOTY, TaK U YBENMMYEHME KOnm4yecTBa
HOBbIX NoberoB, a Takke yBennyeHme obbemMa KOpHEBON cucte-
Mbl, Habnoganmcb Nnpy Hopme opolleHnst 60-80% ot HB. Takum
06pa3omM, MOXHO MPUATK K BbIBOAY, YTO CaXKeHLbl XMMOJIOCTU
uenecoobpasHo BbipalLMBaTb NPU UCMOMNb30BaHUN KanernbHOro
cnocoba nonvea. bonee BbicokMe BMOMETpUYECKUE NoKasaTenu
CaXXeHLEB XXMMOIOCTM HabnaalTCs Npy yBraXXHEHUW MOYBbI
Ha 60-70% un 60-80% o1 HB.

BopgonoTpebneHune XnmMonoctn MoXeT paccmMaTpuBaTbCs Kak
nokasaternb NPOAYKTMBHOCTU pacTeHui. MccrnepoBaHue 3Toro
Bonpoca [.A. 3anueBa [28] npoBoguna B LleHTpanbHo-
YepHo3eMHoln 30He, B TamboBckow obnactu, knMMmaTuieckue
YCINOBUSI KOTOPOW cyuTaroTcs GnaronpusiTHelMn AN BO34eEnNbl-
BaHWsi CaXeHLEB XXMMonoctn. B onbiTe ucnonb3oBanochk Tpu
copTa XMMOOCTH, paHHero cpoka CcO3peBaHus.
O6ecneyeHHOCTb pacTeHMIn MOYBEHHOW BMaro OLEHUBAanNoch
Mo COMOCTaBMEHMIO 3anacoB NPOAYKTMBHOW Briarv C OLIEHKOW
COCTOSIHWS caxeHueB. B xoae uccnepoBaHus Obino BbISBNEHO,
YTO KONMYECTBO MOYBEHHOM BMarn Hanpsimyto BNUSIET Ha poCT U
pa3BMTUE CaXEHLIEB XXMMOJIOCTU, @ TaKKe BIIUSIHNE BaXHOCTH
NoYBbl Ha OTAENbHbIE YacTU pacTeHns U PU3Monornyeckme npo-
Lecchl B pasnu4yHble BereTauMoHHble nepuogbl. YCTaHOBIEHO,
YTO 3anacbl Brary B MOYBE HEMOCPEACTBEHHO BMMSAIOT Ha ypo-
YXaNHOCTb pacTeHUN.

3aknro4yeHue

O60o6wasi MHpopMaLmo K3 yxe MNPOBEeOEHHbIX OMbITOB U
uccrnefoBaHUM, MOXHO cAenatb cregykolme BbIBOAbI O
KanenbHOM crnocobe OpOLLEeHNSI MOYBbI:

e KanenbHoe opolleHne okKa3biBaeT MONoXUTENbHOE
BNMsIHWE HA OpPOLUAeMble pacTeHUs;

e OcobeHHOCTM faHHoro cnocoba nonmea, KOTopble SABMSOT-
Csl ero AOCTOMHCTBaMU, CYLLECTBEHHO YBEMNWYMBAKOT 3KOHOMU-
Yyeckyt 3(PEeKTMBHOCTb XO3AMNCTB, MOBLILLAIT CKOPOCTb pOCTa
N pasBUTUS pPacCTEHWI, CHWXKAT BEPOATHOCTb 3aboneBaHuii
pacTeHuWI, Oka3blBalOT MeHbLUee HeraTMBHOE BO3OeNCTBME Ha
MoYBY, CHUXKAKT 3aTpaThl M NOTEPU NMOMMBHOWN BOAbI;

e B onbiTax, ¢ NpMMEHEHNEM KanefbHOro OpOLLEHNMS NoKa3a-
Tenu NpoayKTUBHOCTW PacTEHUN, a TakkKe ypoXalHOCTU BbiLLE,
yem 6e3 NPMMEHEHNsT OPOCUTENBbHbBIX MeNMopaLmi;

e OnTumanbHas HopMa OpOoLLEHUs AN BblpallMBaHWs 60b-
LUMHCTBA NNOAOBbLIX M ArOAHbIX, @ Takke CaKeHLEB APEeBECHbIX
KynbTyp, paBHa 60-80% OT HanMeHbLLENn BNaroeMKocTy;

e KanenbHoe opolueHne 6naronpusiTHO BIMSIET Kak Ha pas-
BUTME HAO3EMHbIX YacTel pacTeHWU, Tak U KOPHEBOW CUCTEMBI.

lMpMMeHeHMe KanenbHOro OpPOLLUEHUS OKa3blBaeT MeHbllee
HeraTMBHOE BO3[ENCTBME Ha MOYBY, YEM OpyrMe cnocobbl opo-
WeHus, cnocobCcTByeT aspaumu, NpeaoTBpallaeT BOAHYIO 3po-
3110 U 3acorieHre noye. Hanpumep, goxaeBaHne He NO3BONSET
[0CTaTOYHO rry6OoKO YBNaXXHUTb NMOYBY, €ro NPMMEHEHNe 3aBu-
CUT OT MOroAHbIX YCroBuI (Boda Mpu BETPEHHOW noroge pac-
npenensieTcst Ha TeppUTOPUMN HEPaABHOMEPHO), pacxodbl MONmB-
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HOW BOAbI ropasao Bhille, YeM Npu KanernbHoMm crnocobe, pacTte-
HMUS MOTYT MOSYYUTb MEXaHUYECKME U XMMUYECKUE MoBpexae-
HMs. Takke cucTema KanenbHOro OpOLUEeHUs [ocTaBnset
MONMMBHYIO BOAY HEMOCpeACTBEHHO K pacTeHuto, cokpallas ee
noTepu, N yMeHbLLas NOMOXUTENBHOE BIMAHUE Ha pOCT U pac-
NPOCTPaHEHUE COPHbIX PacTEHUIN Ha OpoLlaeMbIxX yyacTkax. B
TO BpeMms Kak, Npu MeToAe [OoXAeBaHusl Bnara noctynaeT u B
Mexaypsaabs, roe U pasBMBalOTCA COpHblE pPacTEeHUs, 4TO
3aTpyAHSAET BblpalLyBaHUe KynbTyp.

B oTnuyme ot nonuea no 6oposgam, KanenbHasi cuctema
[aeT BO3MOXHOCTb MofaBaTb Briary K pacTeHUsM B MarbixX
KonmMyecTBax, YTO COKpallaeT ee pacxoj M Mo3BonseT nog-
OEepXvBaTb YpOBEHb YBaXHEHUA MO4YBbl Ha ONTUManbHOM
Ons pacTeHui ypoBHe. KanenbHasa cuctema mMano 3aBuUcuT ot
penbeda MeCTHOCTU, TaK Kak Boga HarHeTaeTcs npy NOMoLLx
HacocHon cTaHuun. Eule ogHO 3Ha4YMTENbHOE NPENMYLLECTBO
KanemnbHOW CUCTEMbl OpOLUeHMs OT nonuea no 6Goposgam
3aKkn4aeTcsi B BbICOKOW CTeMneHu aBToMartmsauum u aBTo-
HOMHOCTM nonueoB. CokpalwjaeTcs pyyYyHOW Tpyd, a Takxke
KOHTPOIb 3a CUCTEMOM MOXET OCYLLEeCTBNATLCS MPU NOMOLLN
3NEKTPOHHbIX AWCTaHLUMOHHbIX AaTynkoB. [pu nogadve BoAabl
N3 OTKPbITbIX KAHaNoB MPOMCXoadaT 6onbLuMe NoTepu Ha ucna-
peHve, a Takke BoAa NpocayvyvMBaeTCs B HU3Mexalune crowu
MoOYBbIl, TaK M HE JOCTUras pacTeHUN.

KanenbHoe opolleHve OTnnyaeTcs BbICOKOW CTEeMneHbio
YBMNaXXHEHUS BCEX CIOEB MOYBbI, OKa3biBaKLINX BIUAHME Ha
pacTeHusi, B TO BpeMS Kak BHYTPUMOYBEHHbIN CNOcob okas3bl-
BaeT HeJOCTaTOYHOE YBMAXHEHWEe BEpXHEero Cros Mno4Bbl.
Cama cuctemMa BHYTPUMNOYBEHHOIO OPOLLEHUS NoABepraeTcs
HeraTMBHOMY BO3[ENCTBUIO MOYBbI, BbICOKAs CKOPOCTb 3aurne-
HMS TpyO, Ux Aedopmauusa 1 paspylleHue KOpHSMU pacTe-
HWIA, YTO AernaeT Takon cnocob nonvBa HeHafEeXHbIM U 3KO-
HOMWYECKN HEIDDEKTUBHBIM.

B oTtnnume ot nonuBa 3aTonneHwem, kKanenbHbI cnocob
nonmBa MOXHO MNPUMEHATb AN OONbLUMHCTBA pacTEeHWUN.
[axe KpaTKOBPEMEHHOE 3aTOMSIEHNE TeppuTopuUn MOXeT
CYLLECTBEHHO OKa3aTb HeraTMBHOE BIIMSHWE Ha pasBUTUE
pacTeHuin. Penbed aBnseTcs ewe ogHUM (hakTopoM, OKasbl-
BalLUM BNUSAHME Ha BbIOOP KanenbHOW CUCTEMbl OPOLLEHUS,
a Takke MeHbLUMA pacxod NMOMIMBHOW BOAbl U MEHbLUEe Hera-
TMBHOE BINUSIHWE Ha a’spaunio U MexaHU4YecKoe BO3aenCcTBMe
Ha MouYBY, MO CPABHEHMIO C MOMMBOM 3aTOMNSIEHNEM.

Mpn a3po3onbHOM OpOLLEHNN U TyMaHOOOpa3oBaHUW BHU-
MaHue akLueHTupyeTcsa Gonblue Ha CHUKEeHUN TeMnepaTypbl B
NpM3eMHOM crioe atMocdepbl, HEXENU Ha NOBbILIEHWW 3ana-
ca Bnarn B noyse. B cpaBHeHUM C KanenbHbIM MONMBOM
noyea 34eCb WUCMbITbIBAET HEXBaTKy Bnaru, Tak Kak TymaH
ocefaeT Ha MOBEPXHOCTHOM Croe MoYBbl U Briybb HEe NPOHU-
KaeT, YTO NPMBOAMT K 3amMeArieHnI0 pa3BUTUs u gaxe gerpa-
Jaunn KOPHEBOW CUCTEMbI PACTEHUIA.

[aHHbIN MeTo4 XOPOLLO MOAXOAWUT AN OPOLUEHUs pacTe-
HUA B 3alUMLLEHHOM TFpyHTe, OHaKo Ha OonblUMX TeppuTo-
pUSIX U NpY BblpaliMBaHUM PAaCTEHUI B OTKPbITOM FPYHTE OH
ycTynaeT KanenbHOMYy. Takxke a3po30MbHbI cnocob yBnax-
HeHns bonee AOPOrocToALWMIA 1 TpeboBaTEeNbHbIN K TEXHUYE-
ckomMy obcnyxnBaHuto. Ecrniv coBMecTuTb KanenbHy cucte-
MY M a3pO30JbHYIO, TO MOMYYEHHbI KOMOUHUPOBAHHBIW CMO-
cob Oynet ropa3go adpekTuBHee, Tak Kak YBraxXHeHue
nousbl OyaeT NpouMcxXoAuMTb MO BCEMY KpoHeobuTaemomy
Crnol, a Hag3emHasa YyacTb pacTeHun OyaeT yBrnaxHeHa u
oyuLLeHa OT MblNW, YTO NO3BOMMUT PacTEHUAM fyylle MpoBO-
OnTb npouecc hOTOCUHTE3a U ObICTpee, U CuUMbHee pasBu-
BaTbCH.
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