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N3yueHo BaJIOBOE COMEPIKAaHUE PEIAKO3EMENIbHBIX JIEMEHTOB B MPO(UIIC MOYB KaTeHbI 3aCOJICH-
HBIX arpoianamadpToB bapabuHckoit paBHuHBI B ipenenax HoBocubOupckoit odmactu. OnpeneneHo
BaJIOBOE COZIEpKaHWE IUPKOHWSI, UTTPHS, CKaHIM, TN, B TOM YHCJE JJAHTAHOUIOB — IIepus,
NaHTaHa U UTTepOus. Penko3emenbHbIe dJeMEHTHl KpaifHe ciabo m3ydeHbl. B HacTosiee Bpems
BIUSHYE MX Ha PACTCHUs, OPTaHU3MbI KUBOTHBIX U YEIIOBEKA aKTUBHO HCCICIYIOT, XOTS TPEeiib-
HO JIOITyCTUMBIC U OPUECHTHUPOBOYHO JIOMYCTHMBIC KOHIICHTPALIUHU JUUIsl HUX TIOKa HEe pPa3pa0OoTaHblI.
BanoBoe comeprxanue peaKo3eMeNbHBIX JIEMEHTOB, OMPENCIsIeMOE B ITOUBAX KATCHBI, 3aBUCUT OT
IPaHyJIOMETPUYECKOTO COCTaBa U CTEIEHU I'yMYyCHPOBAHHOCTH ITOYBEHHBIX FOPH30HTOB. BhIsBIle-
HO, 9TO B M3YYCHHBIX ITOYBaX OHW B OCHOBHOM COJIEpKATCS B KOIMYECTBE KIAPKOB 3€MHOW KOPHI,
3a UCKJIIOUEHHEM JIaHTaHa B TYMYCOBBIX TOPH30HTAX, IJIe €ro coiepikaHue moutu B 1,5 pasza (44—
48 mr/Kkr) OoJbIle Ki1apka B 3eMHOH kope (29 mr/kr) u uttepous (B 10 pa3 6omibine kiapka). [To mpo-
(bWITrO TIOYB OTMEYCHO HE3HAUUTEIILHOE TIEPE/IBIDKEHUE PEKO3EMETbHBIX 3JICMEHTOB KaK B BEPTHU-
KaJbHOM, TaK U B TOPU30HTAJILHOM HAIPABJICHUH, YTO CBUACTEIBCTBYET O MaJIOH MOJABMIKHOCTH UX
coenuHeHUN. B mpoduiie m3ydaeMbIX TIOYB U3 TPYIIIBI PEAKO3EMENBHBIX JIEMEHTOB IpeodagacT
nupkoHui. Ero comepxanne B TyMyCOBBIX TOPH30HTAX TIOYB AITIOBHATBHBIX TTO3UIINH HAXOIUTCS B
peJieNnax Kiapka 3eMHOH KOpbl, KojeOaHus 1o MPo(HITI0 HE3HAYUTENBHEIL. B O0IBIINX KOIIMYeCcTBax
conepxutcs urrepouii — ot 1,89 no 4,05 MI/Kr MOYBBI, YTO 3HAYUTEIBHO OOJbIIE KIIApKa 3€MHOM
kopsI (0,3 Mr/kr mo4Bsl). Pojib JIAHTAHOUIOB B CUCTEME 1OYBA — PACTEHUS — KHBOTHOE — YCIIOBEK
TpeOyeT NajabHEHUIIero rIy0OKOro U3yYeHHsI.

KuroueBbie cioBa: bapaOuHckas paBHHHA, 3aCOJICHHBIC arpojiaHamadThl, KaTeHa, PeaKo3e-
MEJbHBIE 3JIEMEHTHI, JIJAHTAHOUIBI
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Rare earth elements in soils of saline agrolandscapes Semendyaeva N.V., Morozova A.A.,
of the Baraba plain Dobrotvorskaya N.I., Elizarov N.V.
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Novosibirsk, Russia
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The total content of rare earth elements in the soil profile of saline agricultural landscapes catena
of the Baraba plain within Novosibirsk region was studied. The total content of zirconium, yttrium,
scandium, gallium, including lanthanides — cerium, lanthanum and ytterbium was determined. Rare
earth elements are extremely poorly analyzed. At present, their influence on plants, organisms of
animals and humans is being actively studied, although the maximum permissible and tentatively
permissible concentrations for them have not yet been developed. The total content of rare earth
elements, determined in the soils of the catena, depends on the granulometric composition and
the degree of humus content of the soil horizons. It was revealed that in the studied soils they are
mainly contained in the number of clarkes of the earth's crust, with the exception of lanthanum in
the humus horizons, where its content is almost 1.5 times (44—48 mg/kg) higher than the clarke in
the earth's crust (29 mg/kg), and ytterbium (10 times higher than the clarke). Along the soil profile,
an insignificant movement of rare earth elements in both vertical and horizontal directions was
noted, which indicates a low mobility of their compounds. Zirconium predominates in the profile of
the studied soils from the group of rare earth elements. Its content in the humus horizons of soils of
eluvial positions is within the clarke of the earth's crust; variations along the profile are insignificant.
Ytterbium is contained in large quantities — from 1.89 to 4.05 mg/kg of soil, which is significantly
higher than the clarke of the earth's crust (0.3 mg/kg of soil). The role of lanthanides in the soil —
plant — animal — human system requires further in-depth study.

Keywords: Baraba plain, saline agricultural landscapes, catena, rare earth elements, lanthanides.
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INTRODUCTION for a particular territory, but also more detailed
information for each agricultural landscape.
The data obtained are necessary for the devel-
opment of adaptive landscape farming systems:
scientifically grounded systems of processing,
crop rotations, fertilizers, etc. The main goal
of scientifically grounded farming systems is

At present, due to challenging ecological
conditions both in Russia as a whole and in
Western Siberia, when studying the properties
of agricultural landscapes special attention is
paid to their microelement composition. It is
important to know not only its average content
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Penro3eMenbHbIC 2JIEMEHTBI B II0YBAX 3aCOJICHHBIX arposianamadTon
BapabuHckoli paBHUHBL

Cemenpsena H.B., Mopososa A A.,
Jobporeopckas H.W., Enmuzapos H.B.

to obtain high and stable yields of ecologically
clean and high-quality agricultural crops. This
is possible only with a deep knowledge of the
elemental chemical composition of soils and
parent rocks. The chemical composition of soils
is directly determined by the composition of the
parent rocks, in which, in turn, the composition
of the original rocks is preserved, which is dis-
cussed in detail in the works of V.B. Ilyina, A.I.
Syso [1, 2]. The soil cover of the Novosibirsk
region is characterized by a large variegation of
the total content of trace elements (heavy met-
als), which is inherited from the parent rocks.
In the process of soil formation, they are some-
what redistributed along the soil profile, relief
elements, and biogenic accumulation is mani-
fested in the humus horizons. It has been estab-
lished that the main carriers of heavy metals are
silt particles, humic substances and hydroxides
[2].

According to A.P. Vinogradov, “... all the
chemical elements of the earth's crust, includ-
ing soils, may be necessary or useful for plants
and living organisms. There can be no toxic ele-
ments in nature, there are their toxic concentra-
tions .

At present, a certain part of microelements in
soils has been studied rather thoroughly. Haz-
ard standards for different territories, maximum
permissible concentrations, tentatively permis-
sible concentrations, etc. have been developed.
However, devices have appeared that make it
possible to determine more accurately a large
number of microelements. The significance of
some of them for the life of plants, animals and
humans has not yet been established, but the
very constant presence in plants indicates their
importance.

In the process of studying microelements in
the soils of saline agricultural landscapes of the
Baraba Plain, the content of 37 macro- and mi-
croelements was determined by atomic emis-
sion spectroscopy.

In the present paper the gross content of rare
earth elements (REE), the significance of which

is currently underexplored for plants and living
organisms has been reviewed.

The aim of the study is to investigate the
total content of rare earth elements in the soil
profile of the saline agricultural landscapes cat-
ena of the Baraba Plain within the Novosibirsk
region.

MATERIALS AND METHODS

The studies were carried out in two key ar-
eas of the Baraba Plain: in the wide valley of the
Karasuk River and in the basin of the lake Ch-
any. The first site is located in the Chulym dis-
trict of the Novosibirsk region near the village
Bolshenikolskoe. Three soil sections were laid
in the saline agrolandscape along the catena.
Section No. 1 is located at the eluvial position
of the mesorelief (a gently sloping ridge). The
coordinates are - 54°31'28.9 " N. and 81°29'45.3
" E, the altitude above sea level is 203.3 m. The
soil is meadow-chernozemic ordinary leached
medium-thick medium loamy. Section 2 was
excavated in the transit zone. The coordinates
are - 54 °35'14.5 " N. and 81 °29'45.3 " E. The
soil is chernozem-meadow saline sandy loam,
in which, at a depth of 72 cm, the profile of the
buried soil with horizons A of burials and B of
burials is clearly distinguished. Section No. 3
was laid in the accumulative zone. The coordi-
nates are - 54°35'37.4 " N. and 81°29'11.5 " E,
the altitude above sea level is 229 m. The soil
is a deep solonchak heavy loamy meadow solo-
netz (see the figure).

The second site is located on the drying Yu-
dinsky reach of Lake Chany. Two cuts were laid
along the catena. In the eluvial position, section
no. 40 was dug at the summit of the ridge at an
altitude of 120 m above sea level. The coordi-
nates are - 54°74'58.98 " N and 76°06'94.00 "
E. Soil - meadow-chernozem ordinary, slightly
salted, medium-thick sandy loam. In the accu-
mulative zone in geochemical subordination,
section No. 20 was laid. The coordinates are -
54°78'11.33 " N. and 76°83'95.28 " E, absolute
elevation above sea level 103m. The ridge, with

Vinogradov A.P. The main regularities in the distribution of trace elements between plants and the environment // Micro-
elements in the life of plants and animals. Moscow: Publishing House of the Academy of Sciences of the USSR, 1952.
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a sharp ledge, is transformed into a gently slop-
ing surface of the dried bottom of the Yudinsky
reach. Ground water was found at a depth of 60
cm. The soil is meadow-boggy, saline, heavy
loamy (see the figure).

The morphological description of the soil
profiles was carried out and soil samples were
taken from the genetic horizons. Analyzes were
carried out in them according to generally ac-
cepted methods: granulometric composition ac-
cording to Kachinsky, absorbed bases - accord-
ing to Schollerberger, humus - according to Ty-
urin, pH - potentiometrically®. Trace elements
were determined on a two-jet atomic emission
plasmatron (DAEP) by atomic spectroscopy in
the laboratory of soil biogeochemistry of the
Institute of Soil Science and Agrochemistry of
the Siberian Branch of the Russian Academy of
Sciences.

RESULTS AND DISCUSSION

The total content of seven rarely detected
trace elements - zirconium (Zr), yttrium (Y),
scandium (Sc) and gallium (Ga), including lan-
thanides - cerium (Ce), lanthanum (La) and yt-
terbium (YD) has been studied in the soils of
saline agricultural catena landscapes. Since
they exhibit similar properties, they have been

combined into one group of rare earth elements.
This name is due to the fact that these elements
are believed to be rare and their concentrations
are widely scattered both inside the earth's crust
and in soils. However, in-depth studies of re-
cent years have shown that REEs are not rare.
In terms of total prevalence, they exceed lead
by 10 times, molybdenum by 50 times [5].

In the last decade, rare earth elements have
begun to be used in various industries, and their
release into the environment has increased ac-
cordingly. The effect of REEs on plants and
organisms of animals and humans is currently
being actively studied.

As our studies have shown, zirconium pre-
dominates in the soils of both catenas from the
REE group (see Tables 1, 2). Its content in the
humus horizons of soils in the eluvial positions
of catena 1s 179-200 mg / kg of dry soil. Down
the profile, the fluctuations are insignificant, but
its amount is somewhat less - about 170 mg / kg
of soil, which corresponds to the clarke of this
element in the earth's crust’.

In the transit position of the first catena
in the profile of chernozem-meadow soil at a
depth of 72-90 cm, horizon A of the buried soil
is clearly distinguished, in which the zirconium

*Workshop on agrochemistry / ed. by V.G. Mineev. M.: Publishing house of Moscow State University. 2001. 687 p.
3Alekseenko V.A. Environmental geochemistry: textbook. M.: Logos, 2000. 627 p.
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Taoua. 1. Coz[epn(aHI/Ie PEAKO3EMCIIbHBIX MUKPOS3JIECMEHTOB B ITIOYBAX 3dCOJICHHBIX al"pOJ'IaHIHHa(i)TOB

MEPBOIl KaTeHbI

Table 1. The content of rare earth trace elements in the soils of saline agricultural landscapes of the

first catena

Geomorphological position,
section No., soil

Horizon, cm

Trace element (heavy metal), mg / kg dry soil

Zr Y Sc Ga Ce La Yb

Eluvial, R, No. 1, A_0-18 200 | 299 | 149 | 106 | 687 | 314 | 3,01

meadow chernozem medium | A “g 45 270 | 41,6 | 184 | 103 | 925 | 449 | 4,05

thick medium loamy !

AB 45-65 198 | 324 | 178 | 157 | 947 | 414 | 338

B 65-85 254 | 429 | 208 | 124 | 875 | 486 | 429

B 85-135 | 215 | 36,1 | 180 | 105 | 777 | 424 | 352

Transit, R, No.2, A,0-10 208 | 20,7 | 103 | 11,7 | 438 | 282 | 194

g;lﬁ;“ gg;“y?;g‘;;f;’w Sightly 1 ) tooa | 120 | 150 | 108 | 875 | 804 | 335 | 208

AB 2443 | 174 | 135 | 909 | 7.25 | 140 | 226 | 159

B, 43-72 13 | 155 | 938 | 567 | 542 | 247 | 1,83

A 72290 | 222 | 286 | 146 | 11,1 | 61,0 | 375 | 298

B 90-130 | 135 | 152 | 112 | 885 | 663 | 325 | 191

Accumulative, R, No. 3, A 020 276 | 194 | 122 | 839 | 693 | 297 | 2,18
deep meadow saline -

solonchak heavy loamy B, 25-35 126 | 193 | 106 | 911 | 51,3 | 228 | 1,89

B,, 35-50 149 | 246 | 11,7 | 98 | 608 | 267 | 236

B,, 50-68 168 | 312 | 132 | 100 | 847 | 356 | 325

B,, 68-80 195 | 289 | 149 | 817 | 71,0 | 323 | 2.8

Clarke element in the earth's 170 20 10 19 70 29 0.3

crust [5]

Taoa. 2. ConepkaHue peko onpeaesieMbIX MUKPOJIEMEHTOB B TIOUBaX 3aCOJICHHBIX arpoianimad-

TOB BTOPOW KaTe€Hbl

Table 2. The content of rarely detected trace elements in the soils of saline agricultural landscapes of

the second catena

Geomorphological position,
section No., soil

Horizon, cm

Trace element (heavy metal), mg / kg dry soil

Zr Y Sc Ga Ce La Yb
Eluvial, P, 40, A 3-18 193,0 26,2 12,1 8,87 50,2 30,4 2,62
meadow chernozem
solodized A 18-30 2240 26,9 11,4 9,93 39,7 24,8 2,72
sandy loam
AB 35-45 177,0 19,1 8,4 8,41 38,7 23,3 1,86
B, 61-93 178,0 24,5 16,9 8,65 58,2 34,1 2,28
C., 90-100 178,0 25,5 |[11,9 8,62 52,5 29,5 2,41
Accumulative, R, No. 20 A 0-7 179,0 | 21,3 | 241 | 149 | 696 | 49,0 | 3,57
meadow-swamp q
saline A, 10-20 171,0 30,7 21,0 13,0 59,4 39,3 3,37
heavy loamy 4
B, 40-50 136,0 24,9 17,4 12,3 46,6 25,5 2,68
G 65-75 174,0 31,5 (228 12,0 55,6 (394 3,34
Clarke element in the earth's 170 20 10 19 70 29 03

crust [5]
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content is high - 222 mg / kg. In the accumula-
tive position, the largest amount of zirconium
was found in the humus horizon of the deep
solonetz - 276 mg / kg; it decreases down the
profile. It is known that zirconium belongs to
low-mobile elements, does not form water-
soluble compounds within the landscape, and
weakly migrates with organic complexes [3,
4]. In our opinion, some of its accumulation in
the humus horizon of soils in the accumulative
zone is associated with the erosional processes
of the movement of clay fractions from the up-
per positions of the catena to the lower water

flows. In the second catena, approximately the
same zirconium content was found in the pro-
files of the studied soils.

The gross content of yttrium in the soil pro-
files of the studied catenas is also close to the
clarke of this chemical element in the earth's
crust. In the first catena at the eluvial position
in the meadow chernozem soil, the amount of
yttrium is somewhat higher than in the second,
due to the heavier granulometric composition
(see Table 3). V.V. Ivanov noted that there are no
reliable soil clarkes of yttrium, since "soils are
rarely analyzed for yttrium." He believes that

Taoa. 3. U3UKO-XUMHUUYECKHUE CBOICTBA IIOYB KATEHBI

Table 3. Physical and chemical properties of catena soils

. .. Physical and chemical properties
Geomorphological position, . .
section No., soil Horizon, cm H H % Physical clay,
B P umus, 7o particles <0.01 mm,%
Eluvial, R, No. 1, A 0-18 6,6 9,7 36,5
meadow chernozem e
medium-power A, 1845 6,6 7,7 31,1
medium loamy AB 45-65 6.3 1.3 53,5
B 65-85 6,7 Not ident. 53,9
B, 85-135 8,4 » » 56,3
Transit, R, No. 2, A,0-10 7,9 10,8 14,0
chernozem-meadow
slightly salty A 10-24 8,2 4,5 8,8
heavy loamy AB_24-43 8,3 1,0 21,4
B, 43-72 8.4 0,6 22,6
A 72-90 8,9 0,9 53,3
B_90-130 9,1 0,6 56,1
Accumulative, A 0-20 9,8 5,2 60,6
R, no. 3, e
deep meadow saline solonchak heavy B,25-35 10,1 2,6 60,2
loamy B, 35-50 10,2 0,9 41,2
B, 50-68 10,0 Not ident. 41,2
B4q 68-80 10,0 » » 54,6
Eluvial, A 3-18 6,8 5,7 14,8
R, NC?. 40,h A, 18-30 7,1 4,5 14,1
meadow chernozem
solodized AB 35-45 7,3 1,1 36,1
sandy loam B, 61-93 8,9 0,5 294
C., 90-100 9,0 0,2 26,9
Accumulative, A, 0-7 8,9 5,9 72,2
R, no. 20,
meadow-swamp A, 10-20 9,0 2,8 88,1
saline Bq 40-50 8,6 2.8 66,1
heavy loamy G 65-75 8,9 2,5 51,1
10 Siberian Herald of Agricultural Science » 2021 « 51 « 3 Agriculture and chemicalization
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yttrium is in the clay fraction of soils, where
its average content is 33 mg / kg, in sandy and
calcareous soils - 18 and 8 mg / kg of dry soil,
respectively [5]. This conclusion is consistent
with the conclusions of other researchers [1, 2],
including ours.

Scandium is a typical scattered lithophilic el-
ement. Due to its very low concentration in the
earth's crust, its geochemistry is poorly studied,
although it has a rather high clarke - 10 mg / kg.
This is higher than tin and almost the same as
lead. In the last decade, it was established that
the content of scandium in soils depends on its
content in the parent rock. Its lowest concentra-
tion is typical for sandstones and light soils; in
heavy and clayey soils, the scandium content is
much higher [6].

It should be noted that the scandium con-
tent in the soils of both catenas is equal to the
clarke or is slightly higher. In the first catena, it
is more abundant in the profile of the meadow-
chernozemic medium loamy soil of the eluvial
position, in the second, in the meadow-boggy
saline heavy loamy accumulative position.
Along the profile, fluctuations in the content of
scandium are not so significant, which indicates
a weak movement of its compounds.

The average content of this element in land
plants is 0.008 mg / kg dry weight*, in vege-
tables - 0.005 mg / kg, in grass - 0.07, while
in barley roots - 0.63 mg / kg. The content of
scandium in old leaves is higher than in young
ones [7]. The biological role of scandium and
its migration along biological chains is very
poorly studied. It has now been established that
scandium, like other REEs, is not a necessary
chemical element for the life of plants, animals
and humans, especially since it is not a “min-
eral of death” - a potent poison [8, 9].

The gross gallium content in the catena soil
profile is almost 2.0-2.5 times lower than its
clarke value in the earth's crust - 19 mg / kg. Its
fluctuations along the profile are insignificant.

In the soils of the first catena, the amount of
gallium is greater in the meadow chernozemic
medium loamy soil of the eluvial position than
in the meadow chernozem solodized sandy
loamy soil of the second catena (see Table 1).
In the accumulative position, an inverse depen-
dence of the gallium content in soils was found,
which is associated with both the granulomet-
ric composition and the location of the sections
along the relief. The gallium content probably
depends on the humus content: with a decrease
in humus in the A horizons of the soils, its
amount decreases. In the buried horizon A of
the soil, it is approximately the same as in the
upper horizon A (see Table 1).

The gross content of cerium, the clarke of
which is 70 mg / kg (see footnote 3), in the
soil profile of the second catena is significantly
lower than in the soil profile of the first catena,
which is probably due to their lighter granulo-
metric composition along the genetic horizons
and the content of cerium in parent rock.

In the humus horizon of the chernozem-
meadow soil of the transit zone, it is somewhat
less than in the eluvial and accumulative ones.
There is little data on the role of cerium in the
life of plants, animals and humans, but recently
there have been studies to study its effect on
the elemental composition and development of
plants °.

The gross content of lanthanum is approxi-
mately the same in the soils of both catenas, and
it is within the clarke of the earth's crust - 29 mg
/ kg of soil (see Tables 1, 2). Only the profile of
the meadow chernozem soil of the eluvial posi-
tion in the first catena is distinguished, where
the total content of lanthanum along the profile
is in an amount higher than the clarke - from
41.4 to 48.6 mg / kg, while in the profile of the
soils of the transit and accumulative position
it is slightly less - from 22.6 to 37.5 mg / kg.
Much attention has been paid to this element by
Yu.N. Vodyanitsky [10]. It has been established

*Scandium. it’s Occurrence, Chemistry, Physics, Metallurgy and Technology. London, New York, Krancisco: Acad. Press,

1975. 598 p.

SKotelnikova A.D., Volkov D.S., Fastovets I.A., Rogova O.B. The influence of cerium on the elemental composition of barley
plants when introduced into sod-podzolic soil. Soil Science: Horizons of the Future: Proceedings of the III Intern. conf. (Soil

Institute named after Dokuchaev). M., 2019.
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that lanthanum in micro doses has a stimulating
effect on plants, in high doses it has a depres-
sive effect [11, 12].

It was found that the total content of ytter-
bium in the soil profile of catena in saline agri-
cultural landscapes of Baraba significantly ex-
ceeds the clarke in the earth's crust. Clarke of
ytterbium - 0.3 mg / kg, and in soils of catena
it contains from 1.6 to 4.3 mg / kg of soil. Its
greatest amount is in the meadow chernozem
soil of the first catena, the smallest is here in
the transit zone, which is directly related to the
granulometric composition. It should be noted
that plants are able to resist the accumulation of
REE. They block their transfer into the human
body and do not accumulate in it.

Statistical processing of the material.

To perform statistical processing, consider
the physicochemical properties of catena soils,
presented in table 3. The granulometric com-
position of soils in the first catena varies along
the profile in the eluvial position from medium

loamy to heavy loamy, in the transit one - from
sandy loam in horizon A to heavy loamy in the
lower horizons. The humus content in the stud-
ied soils is rather high in the upper horizons
(9.7-10.8%). It falls sharply down the profile.
The pH value in soils increases from the eluvial
position to the accumulative one.

In the soils of the second catena in the elu-
vial position, the granulometric composition of
soils in horizon A is sandy loamy, and becomes
heavier downward to light loamy. In the accu-
mulative position, it becomes heavily heavier
to heavy clay. The soils of the second catena are
less humus-rich than the first. The pH value in
the soils of the eluvial position in the upper ho-
rizons is neutral, becoming alkaline with depth.
In the accumulative one, an alkaline medium is
preserved throughout the profile.

Statistical processing of the research results
was carried out in the applied statistics pack-
age of standard Excel programs. In particular,
a correlation analysis was carried out between

Taoa. 4 KoaduueHTsl Koppemnsiiuy MexIy pacipe/elicHHEM PeIKO3eMeNIbHBIX AIEMEHTOB
110 TIPOHUITI0 ¥ PU3UKO-XUMHYESCKUMHU CBOMCTBAMH TIOYB

Table 4. Coefficients of correlation between distribution of rare earth elements along the profile

and the physical and chemical properties of soils

Geomorphological position, P}%S;gig{ld Trace element
section No., soil properties Zr Y Sc Ga Ce La Yb
Eluvial, R, No. 1, .
meadow chernozem Physical clay | —0,34 0,01 0,45 0,51 0,12 0,37 0,08
medium-power Humus 0,32 0,10 -0,55 | =096 | -0,73 | —0,47 | —0,06
medium loamy
pH -0,10 0,05 0,05 -0,48 | —0,42 0,08 -0,06
Transit, R, No. 2,
c%;elk*lrﬁ)zenﬁn(lleadow Physical clay 0,20 0,43 0,66 0,20 0,18 0,52 0,51
slightly salte _ | _ _
heavy loamy Humus 0,37 0,14 0,15 0,61 0,01 0,03 0,10
pH -0,09 0,22 0,56 -0,05 0,32 0,50 0,41
Accumulative,
dR’ No. 3,d lonchak Physical clay 0,39 -0,70 | -0,17 | -0,81 | —0,46 | —042 | —0,64
eep meadow soloncha N _ N
heavy loamy Humus 0,85 0,79 0,41 0,99 0,57 0,53 0,27
pH -0,93 0,19 -0,22 0,46 -0,46 | —0,42 | —0,06
Eluvial,
R, No. 40, Physical clay | -0,78 | -0,85 | 0,11 | —0,78 0,05 -0,06 | —0,95
meadow chernozem
solodized Humus 0,68 0,49 -0,17 0,57 -0,32 | -0,17 0,68
sandy loam
pH -0,49 0,04 0,58 -0,34 0,70 0,58 -0,21
Accumulative,
R, no. 20, Physical clay 0,09 -0,10 0,32 0,43 0,32 0,16 -0,09
;gfﬁiow'swamp Humus 043 | —0,82 | 081 096 | 081 | 0,70 | 0,58
heavy loamy pH 061 | 082 | 022 | 021 | 022 | 034 | 037
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the content of rare earth elements in soils with
particle size distribution, humus and pH (see
Table 4).

Certain regularities between the content of
rare earth elements, granulometric composi-
tion, humus and pH are weakly manifested,
although it can be noted that this relationship
is absent in soils of eluvial positions. Only be-
tween zirconium and ytterbium, granulometric
composition and humus is a close inverse rela-
tionship established. In the accumulative posi-
tion, a close inverse relationship was also es-
tablished between cerium, lanthanum, yttrium,
ytterbium, scandium, and humus.

CONCLUSIONS

1. Rare earth elements zirconium, yttrium,
scandium, gallium, including lanthanides - ce-
rium, lanthanum, ytterbium are currently poorly
studied, their significance in the life of plants,
animals and humans has not been established.
However, the constant presence of rare earth
elements in the chemical composition of plants
indicates their need.

2. Rare earth elements were found in all
soils of the studied saline agrolandscapes. Their
content is determined by the content in the par-
ent rock, depends on the granulometric compo-
sition and the amount of organic matter in the
humus horizon.

3. In the soils of saline agricultural land-
scapes of the Baraba Plain, rare earth elements,
including lanthanides, are mainly found in the
amounts of clarkes of the earth's crust, with the
exception of lanthanum in the humus horizon
(1.5 times the clarke value) and ytterbium (up
to 10 times higher than the clarke value). Some
changes in the content of rare earth elements
are observed along the soil profile. However,
these changes are insignificant, which indicates
a weak movement of REE compounds both in
the vertical and horizontal directions.
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ATPO®U3NYECKHUE U ATPOXUMHNYECKHUE CBOMCTBA TEMHO-CEPBIX
JIECHBIX ITOYB ITPU PA3JIMYHBIX CUCTEMAX OCHOBHOM OBPABOTKH

<) Mep¢puaves H.B., Boromuna O.A.

Hayuno-uccnedosamensckuti uncmumym ceibceko2o xosscmea Ceeeproco 3aypanbs —
punuan Tromenckoeo nayunoeo yenmpa Cubupcrkozo omoenenusi Poccutickoil akademuu Hayk
Tromenn, Poccns

(<) e-mail: p.nikolay52@yandex.ru

OmnpeneneHo BIAMSHUE MPOAOJIKUTEILHOTO UCIIONB30BaHUS PA3IMYHBIX CUCTEM OCHOBHOM 00-
pabOTKH TEMHO-CEepOi JIECHOM MOUBHI Ha arpodu3nyeckrue CBOMCTBA, MUTATEIBHBIN PEKUM U ypO-
KaMHOCTb 3€PHOBBIX B 36pHOIAPOBBHIX ceBooOoporax. VccienoBanus nposeneHsl B ycinopusax Ce-
BEPHOTO 3aypajbs B cTallMOHapHOM onbITe B 19962018 rr. MI3yueHbl TpaauuuoOHHAsE OTBAJIbHASI U
pecypcocbeperaroiiye cCucTeMbl OCHOBHOM 00pa0oTKH 1mo4Bbl. OIBIT IPOXOAUI B TeueHHe 3—0-i
poTalMu IBYX 3€pPHONAPOBBIX CEBOOOOPOTOB, PA3BEPHYTHIX BO BPEMEHH U B IPOCTPAHCTBE: YUCTHIH
mnap — o3uMasi poXKb — SpoBast MIICHHUIA — SPOBasi BUKA — APOBOM SUMEHb; YHCTBINA Map — 03UMast
POXBb — IpOBasi MIIIEHHIIA — SPOBast MIICHUIA — SIPOBOH sSTUMeHb. [Ipy BO3IeNbIBAHUN 36PHOBOM KYJTb-
TYpBbI, 3aBEpILIAIOIIEH 36pHOIIAPOBOI CEBOOOOPOT, B YETBEPTOM II0JIE IIOCIIE I1apa 0 3e€pHO0000BO-
My TIPEIIIeCTBEHHUKY (SPOBOM BHKE) IelIecoo0pa3Ho MPUMEHEHHE CHCTEM OCHOBHOUM 00pabOTKH
MIOYBBI C JIEMEHTaMH MUHUMU3auu. K HUM oTHOCsATCS Oe30TBasIbHAst 1 KOMOMHUPOBAHHASI CHCTE-
MBI ¢ 6€30TBAILHBIM PBIXJICHHEM TLUTyToM co ctoiikamu CuoMUMD Ha 20-22 cm; auddepennupoBan-
Hasl ¢ TUIOCKOPe3HOU 00paboTkoi Ha 12—14 cM u auckoBanue Ha 10—12 cm. M3yyaembie CUCTEMBI
00paboTku obecrieunBai OIU3KHE OTBAIBHOM CHCTEME yCIOBHS BOJHOTO PEKHUMa, CIOKEHHS 110~
YBBI U IULIEBOTO pexkuma. ChopMupoBaHa NPAKTUIECKH PaBHAsI OTBAIILHON CUCTEME YPOXKAMHOCTh
AYMEHS: Ha (oHe ecTecTBEHHOTO monopoaus — 2,97-3,03 1/ra, ¢ npumenennem N, P, P, — 3,47
3,65 1/ra. [lpumenenue cucteM 06pabOTKH € HIEMEHTaMU MUHIMH3ALUH B 3¢PHONIAPOBOM CEBO00O-
pote 0e3 Hamu4uus 3¢pHOO000BOM KYABTYPHI IO AAHHYIO KYJIBTYPY 110 IIOBTOPHOH 3€PHOBOM KyJib-
Type (HILIeHHLIE) MPUBOIIIIO K CICAYIOMNM pesynbTaram. O0ecreueHHOCTh MPOYKTUBHON BIIarou
B cioe nouBsl 0—1,0 M cHu3miace Ha 8,6—28,0%, 3HAYUTENHHO YXYALIMIICS MUIIEBON PEXHM, B
0coOeHHOCTH a30THBIH (Ha 15,5-43,8%) 1 hocdopusrii (Ha 39,1-51,1%), ¢ orpuniarensHON nudde-
peHIanuei mI0A0Poans ITOYBEHHOTO Mpodus, ypoxaiftHoCTh 3epHa cHu3mIack Ha 0,09-0,40 1/Ta.

KiiroueBble cjioBa: cucteMa OCHOBHOM 00pabOTKH, CeBOOOOPOT, MPEAICCTBCHHUK, 3IEMEHTHI
IUIOIOPOANS, SPOBOH STUMEHB, YPOKAUHOCTD, SPPEKTUBHOCTH POU3BOJICTBA

AGROPHYSICAL AND AGROCHEMICAL PROPERTIES OF DARK GREY
FOREST SOILS UNDER DIFFERENT SYSTEMS OF BASIC TILLAGE

() Perfilyev N.V., Vyushina O.A.

Scientific Research Institute of Agriculture for Northern Trans-Ural Region —

Branch of Tyumen Scientific Centre of Siberian Branch of the Russian Academy of Sciences
Tyumen, Russia

(<) e-mail: p.nikolay52@yandex.ru

The effect of long-term use of different systems of basic tillage of dark grey forest soils on the
agrophysical properties, nutrient regime and yield of grain crops in grain-fallow crop rotations was
determined. The study was carried out in the conditions of the Northern Trans-Urals in a stationary
experiment in 1996-2018. The traditional moldboard and resource-saving systems of basic tillage
were studied. The experiment took place during the third—sixth rotations of two grain-fallow crop
rotations spread in time and space: bare fallow — winter rye — spring wheat — spring vetch — spring
barley; bare fallow — winter rye — spring wheat — spring wheat — spring barley. When cultivating
a grain crop that completes a grain-fallow crop rotation, in the fourth field after the fallow with
a legume forecrop (spring vetch), it is advisable to use systems of basic tillage with elements of
minimization. These include non-moldboard and combined tillage with subsurface loosening by
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a plow with SibIME tines to a depth of 20-22 cm differentiated with stubble-mulch at 12—-14 cm
and disk harrowing at 10-12 cm. The studied tillage systems ensured the conditions of the water
regime, soil composition and nutritional regime close to the moldboard tillage system. The yield
of barley almost equal to the moldboard system was formed: against the background of natural
land fertility — 2.97-3.03 t/ha, with the use of N, P, P, — 3.47-3.65 t/ha. Application of tillage
systems with minimization elements in a grain-fallow crop rotation without planting a leguminous
crop with a given crop for a repeated grain crop (wheat) led to the following results. Productive
moisture availability in the soil layer 0—1.0 m decreased by 8.6-28.0%, the nutrient regime worsened
significantly, especially nitrogen (by 15.5-43.8%) and phosphorus (by 39.1-51.1%), with the

negative differentiation of soil fertility, and reduction of grain yield by 0.09-0.40 t/ha.
Keywords: system of basic tillage, crop rotation, forecrop, fertility elements, spring barley,

yield, production efficiency.
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INTRODUCTION

In the Northern Trans-Urals, as well as in
other regions of the country, in field cultiva-
tion there is an increasing use of less expensive
methods of cultivation than ploughing, using
non-moldboard, flat-cut processing and disking
in basic cultivation. This is due to economic
reasons, the possibility of increasing productiv-
ity and reducing fuel costs. However, scientific
studies on this topic in the region and abroad
do not give an unambiguous answer about the
influence of technologies of different intensity
on the elements of soil fertility, as well as about
their comparative efficiency in comparison with
traditional plowing [1-3]. At the same time, it
is important to establish the peculiarities of the
influence of cultivation systems on soil fertility
during the cultivation of cereals in crop rota-
tions with precursors of different biology [4—6].

The aim of the study is to determine the ef-
fect of long-term use of various systems of the
main processing of dark gray forest soil in the
conditions of the Northern Trans-Urals on ag-
rophysical properties, nutritional regime and
yield when cultivating a grain crop grain using

forecrop (spring wheat) and leguminous (vetch
for grain) predecessors.

MATERIALS AND METHODS

The studies were carried out in 19962018
in the stationary experiment of the Scientific
Research Institute of Agriculture of the North-
ern Trans-Urals - a branch of the Tyumen Sci-
entific Center of the SB RAS. The experiment
took place during the period of the 3rd-6th ro-
tations of two grain-fallow crop rotations, de-
ployed in time and space: pure fallow - winter
rye - spring wheat - legumes (spring vetch for
grain) - spring barley; pure fallow - winter rye -
spring wheat - spring wheat - spring barley. Ob-
servations and counts were carried out in a bar-
ley field. The studied soil cultivation systems
are presented in table 1. Techniques of the main
processing were performed after harvesting the
Crops.

Pre-sowing treatment for all studied systems
of the main treatment consisted in early spring
harrowing with BZSS-1.0 tooth harrows in pre-
sowing cultivation with the Smaragd-6 cultiva-
tor to the depth of seeding. Sowing was carried

16  Siberian Herald of Agricultural Science ¢ 2021 51 « 3

Agriculture and chemicalization



Arpodmanecrme 1 arpoOXuMHu4eCcKue CBOMCTBA TEMHO-CEPBIX

JIECHBIX MOYB IPH Pa3IHIHBIX CHCTEMaX OCHOBHOM 00paboTKu

Teppunbes H.B., Berommua O.A.

Ta6a. 1. CucreMbr 00pabOTKH TTOYBHI
Table 1. Soil tillage systems

Soil tillage Tillage methods after harvesting crops
system Steam | Winter rye | Wheat Grain legumes / wheat Barley
Mouldboard Plowing with a Lemken plow to a depth of 20-22 cm
Iljlgﬁi dboard Loosening with SibIME tines to a depth of 20-22 cm
Combined Lemken SibIME tines to a Lemken SibIME tines to a depth of Lemken
to adepth |depth of20-22 cm | to a depth 20-22 cm to a depth
0f 20-22 cm 0f20-22 cm 0f20-22 cm
Differentiated | Smaragd Smaragd Lemken BDT-2,5 BDT-2,5
cultivator to a| cultivator to a to a depth to a depth of 10-12 cm to a depth
depth of depth of 0f 20-22 cm of 10-12 cm
12-14 cm 12-14 cm
Flat-cut Smaragd cultivation to a depth of
12-14 cm
Shallow BDT-2,5 disking to a depth of 10-12 cm

out with a SZP-3.6 seeder. Mineral fertilizers
(against a background with fertilizers) were ap-
plied before pre-sowing cultivation with a rate
of N, P, K, kg ai. per 1 hectare of crop rotation
area. For the destruction of weeds, herbicides
were used in all studied variants.

The area of the plots (5.5-6.0 X 63 m) is
346-378 m?, the accounting area is 100 mZ.
During the years of research on the conditions
of moisture supply of the growing season, 74%
of the years were close to average, 26% were
insufficiently provided with precipitation. The
technique of bookmarking and conducting the
experiment and statistical processing of the
data obtained were carried out according to the
method of B.A. Dospekhov' using O.D. So-
rokin?. The determination of the agrophysical
properties of the soil was carried out according
to the method of N.A. Kachinsky®. Soil mois-
ture was determined by the thermostat-weight
method in each 10-cm layer to a depth of 0-100
cm. Productive moisture reserves were calcu-
lated taking into account the bulk density and
wilting moisture for each 10-cm layer. The data
obtained were combined by layers of 0—30 and
0-100 cm. The chemical analysis of soil sam-
ples was carried out according to generally ac-
cepted methods*.

RESULTS AND DISCUSSION

Under the conditions of unstable moisture
in the Northern Trans-Urals, the yield, as well
as the possibility of effective use of intensi-
fication agents (intensive varieties, fertilizers,
protective agents, biostimulants), are largely
determined by the presence of moisture in the
soil. The need for its maximum accumulation
and preservation is due to an unfavorable bal-
ance between the intake and consumption of
moisture, especially in the initial growing sea-
son [7, 8].

One of the main practical measures to influ-
ence the most rational use of available moisture
resources is tillage [9]. In our studies, during
the sowing - seedling period of grain, the mois-
ture reserves of the 0—100 cm soil layer were
assessed as satisfactory - 90—125 mm (60-83%
of the Field Moisture Capacity), in the 0-30 cm
soil layer - 32.0-35.7 mm (52-58% of the Field
Moisture capacity).

The most consistently high moisture re-
serves during this period in grain crops seeds
(barley), completing the crop rotation for legu-
minous crops and for repeated wheat, were pro-
vided by plowing (96.8—-125.0 mm) and mold-
board-free loosening by a plow with stands of
the SibIME design (93.0 —-122.4 mm) to a depth

"Dospekhov B.A. Field experiment technique: 4th ed., rev. and add. Moscow: Kolos, 1979.416 p.
2Sorokin O.D. Applied statistics on the computer. Krasnoobsk: EPU SB RAAS, 2004.162 p.

3Kachinsky N.A. Soil physics. M.: Higher school, 1965. 318 p.

*Arinushkina E.V. Manual for Chemical Analysis of Soils. Moscow: Moscow State University Publishing House, 1970.478 p.
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of 20-22 cm. When using leguminous crops
as a predecessor, resource-saving processing
systems (dump-free, combined with the use of
SibIME tines) provided moisture reserves in a
meter layer during the sowing period - barley
shoots similar to the plowing option. The de-
crease in moisture reserves for small treatments
(flat-cut cultivator Smaragd to a depth of 12-
14 cm and disking BDT-2.5 to a depth of 10-
12 cm) in comparison with the option of plow-
ing was 4.2-7.1 mm, or 4, 3-7.7% in relation to
the control (see Fig. 1).

When placing the final crop rotation of a
grain crop (barley) on a repeated grain crop
(wheat), an increase in the negative impact of
resource-saving systems and methods of pro-
cessing on moisture reserves was noted in com-
parison with plowing. So, according to the an-
nual plow-free tillage to a depth of 20-22 cm,
the decrease in moisture reserves in the meter
layer of soil in relation to the option of plowing
reached 10.3 mm, or 8.2% in relation to it, for
flat-cut processing - 8.6%, according to disk-
ing - 28%. In the 0-30 cm soil layer, all studied
cultivation systems for both predecessors pro-

ditions for moisture supply for deep moldboard
and non-moldboard treatments are explained
by the fact that in systems with predominantly
shallow treatments, there was a more signifi-
cant compaction of the soil layer 0-20 cm (by
0.03-0.04 g/ cm’) in the layer 10-30 cm - by
0.03-0.07 g / cm? [10], which worsened the
conditions for assimilation of moisture from
precipitation in these treatments. In addition,
in most years of the research, the precipitation
provision was close to the average long-term,
the soil during the treatment period had good
moisture. Moisture reserves before treatment
were 80 mm or more. According to researchers,
in these conditions, deep treatments have ad-
vantages in moisture accumulation in compari-
son with shallow treatments® [11]. The increase
in the negative impact of shallow treatments
on moisture accumulation in barley crops for
re-wheat compared to crops for grain predeces-
sor (re-wheat) is explained by the shorter post-
harvest period.

The composition of the soils of the ex-
perimental plot does not have quite favorable
properties. Their equilibrium density (1.36—

vided equal moisture conditions. The best con- 1.41 g / cm?) is far from optimal (1.00—
200
180
160 Forecrop
140 Wheat

Vetch

—
=3
]

Mouldboard

o}
o

Combined

Productive moisture, mm
i
2 IS

Non-mouldboard

=
je)

[\
o
1
]

0-30 cm 0-100 cm

0-30 cm

Differentiated

0-100 cm

Puc. 1. Bnusaue oCHOBHOU O6pa6OTKI/I MMOYBKI HAa BIAroo0eCreueHHOCTh 3CPHOBLIX B ICPUO/ ITOCEB —

BCXO/BbI

Fig. 1. Effect of basic tillage on moisture availability of grain crops during sowing — sprouting period

*Moschenko Y.B. Improvement of the elements of the farming system when growing spring wheat on the chernozems of the
steppe zone of Western Siberia: author. dis. Dr. Of Sciences in agriculture. Omsk, 1990.32 p.
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1.25 g /cm?) [12]. In this regard, it is important
to assess the effectiveness of soil cultivation
systems and cultivation methods in the studied
systems on the formation of the soil composi-
tion regime.

Our data indicate that the density of the top-
soil, regardless of the cultivation method and
the predecessor, was close to the upper limit of
optimal values (1.00-1.25 g / cm®) for a grain
crop (see Fig. 2) [13, 14].

An increase in soil density by 0.03 g / cm’
was noted in the treatment of BDT-2.5 by disk-
ing by 10-12 cm with a differentiated system
for the legume predecessor, for a repeated grain
crop - by 0.04 g / cm?® in comparison with the
variant of the moldboard processing system.

The importance of the influence of the main
processing systems on the peculiarities of the
formation of the nutritional regime and the need
to study it in relation to zonal and soil conditions
have been noted by many scientists [15, 16].
Our research on the nutritional regime has also
established a significant effect of tillage and its
predecessor on the provision of the arable and
sub-arable soil layers with available nutrients
(see Table 2). It was revealed that the cultivation
of cereals in a grain-fallow crop rotation with the

presence of leguminous crops against the back-
ground of the application of fertilizers N, P, K |
provides favorable conditions for the nutritional
regime in the field that closes the crop rotation.
On the contrary, in the fourth field of a grain crop
after fallow in a crop rotation without a legumi-
nous crop, the content of nitrate nitrogen in the
arable layer decreased in comparison with the
field with a legume predecessor by 15.5-43.8%,
P, O, by 39.1-52.1, K, About 15.1-26.4%. This
is due to legumes and spring crops differing in
nutrient removal, partial compensation of nitro-
gen removal by legumes due to symbiotic nitro-
gen fixation, and a longer period of nitrification
in the post-harvest period.

According to both predecessors, the best nu-
tritional conditions, both in the arable layer of
0-0.2 m and in the layer of 0.2-0.4 m, were
formed with the moldboard cultivation system,
which was facilitated by the better conditions
for the agrophysical properties of the soil. Long-
term application of treatment without formation
turnover, treatment systems with predominant-
ly small treatments led to a decrease in the con-
tent of N — NO, in the arable layer by 12-42%,
P, O, by 7.1-19.9, K, O by 6.5-17.1%, which
increased in sowing of repeated grain crops.

Forecrop

Vetch

Wheat

Soil density, mm

-] Mouldboard
Non-mouldboard

Combined

Differentiated

Puc. 2. IInotHOCTH MaxoTHOTO (0—0,2 M) CJIOS TOYBBI B IEPUOJT TOCEB — BCXOBI B CPeIHEM 3a 3—6 poTa-

Ui ceBOOOOPOTOB

Fig. 2. Density of arable (0—0.2 m) soil layer, in the period of sowing — sprouting on average 3—6 crop

rotations
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Taoa. 2. Coz[epn(aHI/Ie MUTATCIIBHBIX 3JIEMCHTOB B IMOYBEC MICPE ITIOCEBOM 3€PHOBBIX (B CpeaHeM 3a

3—6 poraruii ceBO0OOPOTOB)

Table 2. Nutrient content before sowing of grain crops (on average for 3—6 crop rotations)

N-NO,, P,O, K,0,
mg / kg soil mg /100 g soil mg /100 g soil
Soil tillage system Forecrop Soil horizon 0-0.2 m

0-20 2040 0-20 2040 0-20 2040

Mouldboard Vetch 8,84 6,26 28,10 17,26 22,85 16,00
Wheat 6,51 5,21 15,60 9,00 17,20 11,80

Non-mouldboard Vetch 7,78 435 25,26 8,81 22,55 14,70
Wheat 5,13 4,46 13,20 5,60 16,60 11,10

Combined Vetch 6,24 4,15 25,30 11,09 21,25 14,90
Wheat 5,27 4,29 15,40 6,40 17,75 10,80

Differentiated Vetch 6,24 4,60 26,08 10,08 20,55 13,60
Wheat 3,78 3,55 12,50 5,20 16,80 11,30

Shallow Vetch 6,88 5,07 25,70 9,96 20,35 13,70
Wheat 5,25 3,87 15,40 6,60 15,67 9,81

Flat-cut Vetch 7,58 4,87 25,70 8,50 18,95 13,20
Wheat 4,26 3,30 13,70 6,60 16,08 11,58

LSD,, On vetch 0,96 0,93 1,95 1,56 1,40 1,15
Partial effects On wheat 0,84 0,81 1,12 0,87 1,00 0,73

The general differentiation of the fertility
of the arable and sub-arable soil layers for all
studied cultivation systems showed the follow-
ing. There was a decrease in the content of nu-
trients in the soil layer 0.2—-0.4 m in relation to
the 0-0.2 m layer: N - NO, by 13.1-44.1%, P,
O, by 38.6-66.9 and K, O by 28.0-39.2%. The
highest negative differentiation was noted in the
content of P2 OS5, and it was the smallest for the
dump processing system - 38.6—42.3%, while
for resource-saving systems - 51.8-66.9%.

Analysis of the influence of the studied soil
cultivation systems on crop yields showed that
in a grain-fallow crop rotation, when placed
on a legume crop, resource-saving cultivation
systems provided almost equal barley yields
to the moldboard cultivation system. Against
the background of natural fertility, it amounted
to 2.57-3.03 t / ha, with the use of fertilizers -
3.47-3.65 t/ ha (see Fig. 3).

After the legume predecessor in the mold-
board and resource-saving processing systems,
favorable conditions for agrophysical proper-
ties, nutritional regime and, in particular, nitro-
gen nutrition for leguminous crops developed:
nitrogen in the soil was replenished both due
to the current nitrification due to a longer post-
harvest period, and due to the symbiotic fixa-

tion of air nitrogen. In this regard, they obtained
indicators of economic and energy efficiency,
which are close to the variant of the moldboard
processing system. The differences in net in-
come between the moldboard and resource-
saving processing systems did not exceed 0.6—
3.7% against the background without the use of
fertilizers, and 2.6-6.0% with fertilizers.

The highest efficiency was noted for the
moldboard processing system: net income
amounted to 14.67 thousand rubles / ha against
the background without fertilizers and 22.75
thousand rubles / ha against the background of
their application; the energy coefficient is 2.65
and 2.75, respectively [17].

In the crop rotation without the presence of
leguminous crops, where barley was cultivat-
ed on repeated wheat, there was a significant
decrease in its yield according to resource-
saving processing systems: against the back-
ground of natural fertility by 0.09-0.27 t / ha
(by 3.8-11.4%) , with the use of fertilizers by
0.07-0.40 t / ha (by 2.0-11.1%). This led to
a decrease in net income in the cultivation of
barley in comparison with the legume prede-
cessor by 31-44.1% [17]. This decrease is due
to a decrease in the content of nitrate nitrogen,
mobile phosphorus and potassium in the soil by
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Forecrop

Vetch

Wheat

Yield, t/ha

Without fertilizers With fertilizers Without fertilizers With fertilizers

Mouldboard
Non-mouldboard
Combined

' Differentiated
Shallow
Flat-cut

Puc. 3. YporkallHOCTB STIMEHS B CpeIHEM 3a 3—6 poTariii CEBOOOOPOTOB

Fig. 3. Barley yield on average for 3—6 crop rotations

non-moldboard and shallow tillage, especially
in crop rotation without the presence of legu-
minous crops. In this case, in the cultivation of
barley on recycled wheat, a stable advantage of
the dump system was noted, which is explained
by more favorable conditions for providing
moisture, soil composition and nutrient content.

CONCLUSIONS

1. On the dark gray forest soils of the
northern forest-steppe of the Northern Trans-
Urals in grain-fallow crop rotation during the
cultivation of a grain crop - the fourth crop af-
ter steam for the legume predecessor (spring
vetch) - it is recommended to use the main pro-
cessing systems with minimization elements -
moldboard-free and combined with moldboard-
free loosening by a plow with stands SibIME
by 20-22 cm, differentiated with flat-cut pro-
cessing by 12—14 cm and disking by 10-12 cm.
These processing systems after leguminous
plants for barley provided conditions of the wa-
ter regime, soil composition, nutritional regime
close to the moldboard system, the formation
of an almost equal moldboard system yield
processing: against the background of natu-
ral fertility - 2.97-3.03 t / ha, with the use of
N P, P -3.47-3.651t/ha, as well as economic

40" 40" 40
efficiency.

2. The use of resource-saving processing
systems in grain-fallow crop rotation without
leguminous crops for grain crops for repeated
wheat led to a decrease in the reserves of pro-
ductive moisture in a meter layer of soil by
8.6-28.0%, a significant deterioration in the
nutritional regime, especially nitrogen (by 15,
5-43.8%) and phosphorus (by 39.1-51.1%),
with a negative differentiation of the fertility of
the soil profile, a decrease in the yield of barley
grain by 0.09—0.40 t / ha, a decrease in net in-
come by 31-44%.

3. To increase the potential of soil fertil-
ity and productivity of cereal crops, completing
the link of crop rotation along the moldboard
and resource-saving systems of basic process-
ing, it is advisable to place and sow them on the
legume predecessor.
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COAEPKAHMUE ITINM®OCATA B 3EPHE IIPU JIECUKALIUU ITOCEBOB
B ITPUOBBE

CX) Janunaosa A.A., Utacs 10.B., Koaoun C.A.
Cubupckuii ghedepanvhwiti HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk

Poccust, HoBocubupckas o6macts, p.im. KpacHooOck
<D e-mail: danilova7alb@yandex.ru

OmnpeneneHbl 0OCTaTOYHBIE KOJMYECTBa TM(ocaTa B 3epHE MIIEHHIIBI MOCTIE JECHKALUH 0Ce-
BOB. [docar — Hanbosee npuMeHsIeMblii B MUpE TepOUIH]. YPOBEHb €r0 SKOTOKCHYHOCTH IIH-
POKO OOCYXIAIOT B HAyYHOH JIUTEpaType Mocie OTHECEHHs COCTMHEHHSI K KATETOPHU «BEPOSITHO
KaHLEPOreHHbIX» necTuiuaos. [Ipeanonarator, 4To 0CTaTOYHOE KOJIMYECTBO I'epOUIMIIOB MOXKET
ObITh HanOoJIee BHICOKUM IIPU JIECHKALMU [IOCEBOB Iepes yoopkoi. VccienoBaHus IPOBEACHEI B
2018 r. (uentpanpHas aecocrens HoBocubupckoro Ilpuodns — 54°53'13,5"N, 82°59'36,7"E). B
JKCIIEPUMEHTE JIECUKAIIMIO TIOCEBOB OCYILECTBIIN repOutaom 3epo Cyrmep (comepikaHue U30Ipo-
nuIaMUHHON conu miudocara 750 r/kr) B peKOMeHI0BaHHOH J103e, paBHOH 1,5-2,0 kr/ra. OcTtarou-
HOE KOJIMYECTBO TepOMIINIOB B PACTUTEILHON OMoMacce ONpe/ielisuid PH TTOMOIIIN TeCT-CHCTEMBI,
OCHOBAHHOW Ha NPHHLUIIE UMMYHO(GEPMEHTHOTO aHanu3a. IIpeanoaroToBky pacTUTeNbHBIX MPo0
OCYILECTBIISUIM COIIAaCHO pekoMeHnanuu ¢Gupmsl Stylab, mpoBomuBILeil Banuaanuio MeTona uis
ornpeneneHus rmudocara B 3epHe. OcTaToUHOE KOJMYECTBO reponinia oOHapyKeHo BO Bcex 37 uc-
MBITAHHBIX 0Opa3nax. HezaBucuMo OT cpoka oTOOpa oOpas3loB MOcCie JeCHKalUuh MOKazaTelb B
3epHe He npesbiian 4,4 mr/kr. Criycts 14 qHel nocie AecCuKalud ypoBEHbh MUHUMAJIbHOTO KOJIU-
yecTBa necruiuaa obut HUKe (0,5 MIV/KT) B CpaBHEHHH C JJAHHBIMH, TIOJYYEHHBIMH CITYCTs 7 THEH
(2,6 mr/kr). ComepikaHWe OCTAaTOYHOTO KOJWYECTBA TEPOUIIMIOB B COJIOME MIIICHHIIBI OKa3aI0Ch
BhILIE, YeM B 3epHe. Hamnbonee BbIcOKMe 3HAaUCHMS MOKa3aTesst oOHapyKeHbl B OMomMacce COpHOH
PacTUTENBLHOCTH, BBICOXIICH MPH Aecukauu (10 9 Mr/kr). B 3epHe, XpaHuBIIeMcs: OOUH TOA, CO-
JepKaHUe OCTaTOYHOTO KOJMYECTBA TepOUIMI0B HE CHU3WIOCH. [lomydeHHbIe JaHHbIe CPAaBHIIIH C
yposusimu [1/IK ocTaroyHoro xonmvectsa reOUIMI0B B 3€pHE MIICHUIIBI, IPUHSATHIMHA B MHPE.

KuroueBsle ciioBa: rimgocar, 0CTaTouHbIe KOJIMYECTBa, 3¢pHO MiIeHuIbl, [Ipnodne

GLYPHOSATE RESIDUES IN GRAIN AFTER DESICCATION OF CROPS IN THE
OB REGION

(X) Danilova A.A., Ites Yu.V., Kolbin S.A.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<) e-mail: Danilova7alb@yandex.ru

The residual amounts of glyphosate in wheat grain after desiccation of crops were determined.
Glyphosate is the most widely used herbicide in the world. The level of its ecotoxicity is widely
discussed in the scientific literature after the compound was classified as “a likely carcinogenic”
pesticide. It is assumed that glyphosate residues can be highest when the crops are desiccated
before harvesting. The studies were carried out in 2018 (central forest-steppe of the Novosibirsk
Ob region (54°53'13.5"N, 82°59'36.7"E). In the experiment, desiccation of wheat was carried out
with the herbicide Zero Super (the content of isopropylamine salt of glyphosate was 750 g/kg) at the
recommended dose of 1.5— 2.0 kg/ha. Glyphosate residues in plant biomass were determined using
the test system, based on the principle of enzyme immunoassay. Pre-preparation of the samples for
the analysis was carried out according to the recommendation of Stylab laboratory, which validated
the method for the determination of glyphosate in grain. Glyphosate residues were found in all of
the 37 samples tested. Regardless of the sampling period after desiccation, herbicide residues in
the grain did not exceed 4.4 mg/kg. In 14 days after desiccation, the minimum pesticide level was
lower (0.5 mg/kg) compared to the data obtained in 7 days (2.6 mg/kg). The content of the herbicide
residues in wheat straw was higher than in grain. The highest values of glyphosate residues were
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Cozeprkanue rndocara B 3epHe IIPH JeCHKaLHH 10ceBoB B [Ipnodbe

Janunosa A.A., Utacs 10.B., Konbun C.A.

found in the dry biomass of weed vegetation (up to 9 mg/kg). In the grain stored for 1 year, the
content of GR has not decreased. The data obtained were compared with the MRL for the residual
amount of glyphosate in wheat grain accepted in the world.

Keywords: glyphosate, residual amount, wheat grain, the Ob region
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INTRODUCTION

Obtaining stable output yields to provide
the growing population of the planet with a suf-
ficient amount of food and raw materials in the
face of dwindling land resources is impossible
without the use of plant protection chemicals,
which is fraught with environmental pollu-
tion with residual amounts of pesticides [1].
To solve this problem, the world community
is taking comprehensive measures: it searches
for new formulas of chemicals with a low dose
of use, improves approaches and methods for
controlling the residual amount of pesticides in
environmental objects, develops new technolo-
gies for cleaning contaminated areas, etc. [2—4].

The agrarian sector of the Siberian Federal
District is in line with the global trend towards
the built-up of crop protection chemicals. At
the same time, the assessment of the safety of
the pesticides used is based on the recommen-
dations of the manufacturers, developed for
areas with more favorable climatic conditions
in comparison with Siberia. In this regard, it
becomes necessary to study the features of the
degradation of pesticides in crop products and
environmental objects in the specific conditions
of a short, often dry growing season in Siberia.
The Novosibirsk Region is one of the largest
grain producers in the Siberian Federal District.
A significant part of the production on farms is
obtained with the help of intensive technologies
for growing crops, and this tendency in the de-

velopment of agriculture will only intensify. In
addition, in recent years, agricultural technolo-
gies have been increasingly actively mastered,
implying a partial or complete abandonment of
mechanical soil cultivation (direct sowing sys-
tem, no-till, etc.), which requires an increased
use of pesticides. One of the most widely used
pesticides in such agricultural technologies are
continuous herbicides based on glyphosate. In
the Russian Federation, herbicides based on
this compound account for 1/3 of the volume of
applied herbicides and are represented by more
than 40 names [5].

Glyphosate is the active ingredient in a
spectrum of non-selective systemic herbicides,
first patented as commercial products such as
Roundup® (Monsanto Co) or Touchdown®
(Syngenta Co) in 1974. Since then, these her-
bicides have become one of the most widely
used in the world and their consumption rates
are increasing [6, 7]. An increase in the sow-
ing of transgenic crops resistant to this group of
herbicides and an increase in the resistance of
weeds contribute to the expansion of the market
for herbicides based on glyphosate [8, 9].

The high ecotoxicity of most of the pesti-
cides has been experimentally proven. Glypho-
sate (N- (phosphonomethyl) glycine) is prob-
ably no exception. In 2015, the WHO Agency
for Research on Cancer (IARC) classified
glyphosate as a “possibly carcinogenic” pesti-
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Glyphosate residues in grain after desiccation of crops
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cide'. The IARC announcement attracted pub-
lic and scientific attention around the world.
The European Union has recommended that the
use of glyphosate as a desiccant be restricted
and its use in public gardens and parks must be
stopped’. Public movements have formed for
a complete ban on the use of the drug in the
agricultural sector. Since the publication of the
document (see footnote 1), a lot of research has
been done on various aspects of the problem. A
great deal of very contradictory data has been
obtained. In general, the authors believe that
the number, duration and the design of studies
are insufficient for final conclusions so far [8,
9]. To date, the use of glyphosate in the EU is
allowed only until 2022, a number of countries
(Belgium, Colombia, the Netherlands, Sri Lan-
ka, France, many countries of the Middle East)
have legally restricted the use of glyphosate in
agriculture [10, 11].

However, the appearance of glyphosate at
one time made it possible to move to a new
stage in the development of soil-protective and
resource-saving agriculture in the world. At
present, it is difficult to imagine the agricultural
sector without this drug. In recent years, pos-
sible parameters for food production have been
studied if the use of glyphosate is prohibited.
Calculations have shown that in this case, the
gross harvest of soybeans, corn, rapeseed in
the world may decrease by 18.6; 3.1; 1.5 mil-
lion tons per year, respectively. To compensate
for these losses, an increase in the arable land
area by 0.76 million hectares will be required.
At the same time, the cost of weed control will
increase by $ 20-30. US / ha. The use of alterna-
tive herbicides will not lead to a decrease in the
pesticide load on agrocenoses [12, 13].

As our brief review shows, despite the ec-
otoxicity, agriculture is unlikely to be able to
stop using glyphosate. There is only one way
out of the situation - strict control of the resid-

ual amount of the pesticide in the environment,
primarily in products, in order to minimize its
entry into the food chain.

The aim of the study is to determine the val-
ue of the residual amount of glyphosate in grain
and wheat straw after desiccation of crops in
the recommended doses and timing of harvest-
ing in the ODb region, to clarify the degree of its
decomposition during grain storage throughout
the year.

MATERIALS AND METHODS

The studies were carried out in 2018 on
the territory of the scientific and experimental
base of the Siberian Research Institute of Ag-
riculture and Chemicalization of the Siberian
Federal Scientific Center of the Russian Acad-
emy of Sciences (central forest-steppe of the
Novosibirsk Ob region, 54° 53'13.5 "N, 82°
59'36.7" E). Desiccation of spring wheat crops
was carried out on September 3 with the herbi-
cide Zero Super (content of isopropylamine salt
of glyphosate 750 g / kg) at the recommended
dose of 1.5-2 kg / ha®. The wheat was Novo-
sibirskaya 31. The moisture content of grain
before desiccation was 25-28%. The sprayer
OP-2000. The consumption rate of the working
solution is 270 1 / ha. Harvesting took place 21
and 25 days (in 2017 and 2018, respectively)
after desiccation. The sampling was carried out
by the sheaf method (1 m?) in triplicate on the
plot and three repetitions of the experiment (9
sheaves). In the period after desiccation, the
air temperature was close to the average mul-
tiyear norm. Precipitation in 2017 (harvesting
09.09.2017) 20 mm with an average annual rate
of 33 mm, in 2018 (harvesting 09.13.2018) -
60 mm with a rate of 40 mm.

Grain, straw and biomass of weeds dried
up under the influence of the preparation
were analyzed. To determine the possibility of
glyphosate decomposition during storage of

'TARC Monograph on Glyphosate (https://www.iarc.fr/en/.../iarcnews/.../glyphosate TARC2016).

Directive 2009/128/EC, 2009b (Article 4) of the European Parliament and of the Council of 21 October 2009. Regulation
(EC) No 1107/2009 of the European Parliament and of the council of 21 October 2009 concerning the placing of plant protection
products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC https://eur-lex.europa.eu/LexUriServ/

LexUriServ.do?uri=0J: L: 2009:309:0001:0050: EN:PDF.

3State catalog of pesticides and agrochemicals approved for use on the territory of the Russian Federation.
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grain products, grain of the 2017 harvest was
analyzed, which was stored for a year in a cool
and dry room. The residual amount of glypho-
sate was determined using the Abraxis Glypho-
sate Plate ELISA test system. The preparation of
plant samples was carried out according to the
recommendation (procedure R091313) of the
Stylab company (Moscow), which validated the
method for the determination of glyphosate in
grain (www Stylab.ru). Samples of the samples
were derivatized, then added together with an-
tibodies specific to glyphosate into the wells of
a microtiter plate, coated with anti-species anti-
bodies to antibodies to glyphosate, and incubat-
ed for 30 min. The enzyme conjugate glyphosate
was then added. At this point, a competitive re-
action occurs between glyphosate, which may be
contained in the sample, and the labeled glypho-
sate enzyme for binding sites with antibodies on
the plate. After washing and adding the substrate
(color solution), a colored signal (blue color) de-
velops. The presence of glyphosate is detected
by the addition of a colored solution that con-
tains an enzyme substrate (hydrogen peroxide)
and a chromogen (3,3, 5,5 -tetramethylbenzi-
dine). The antibody-bound glyphosate-enzyme
conjugate catalyzes the conversion of the sub-
strate / chromogen mixture into blue-colored
reaction products. After incubation, the reaction
was stopped and stabilized by adding dilute acid
(stop solution). Since there was competition be-
tween labeled glyphosate (conjugate) and un-
labeled (sample) for binding to antibodies, the

color intensity is inversely proportional to the
concentration of glyphosate in the sample.

RESULTS AND DISCUSSION

Residual amounts of glyphosate were found
in all 37 samples tested. Regardless of the time
of sampling after desiccation in grain, it did not
exceed 4.4 mg / kg (see Table 1). At 14 days
after desiccation, the minimum amount level
was lower (0.5 mg / kg) compared to the data
obtained after 7 days (2.6 mg / kg). The residual
amount of glyphosate in wheat straw was found
to be higher than in grain. The highest values
of the indicator were found in the biomass of
weeds dried up during desiccation.

In grain stored for a year in a cool dry room,
the residual amount of glyphosate was slightly
higher compared to the data obtained in the
analysis of grain from the 2018 harvest.

For the first time for Siberia, data were ob-
tained on the content of the residual amount of
herbicides in wheat grain after desiccation with
the recommended doses of herbicide.

It should be noted that the MRL (maximum
residual level) or MRL for the residual amount
of glyphosate in unprocessed wheat grain, var-
ies significantly across the world. In the USA
this value is taken equal to 30 mg / kg, in the
EU - 10, in Canada - 5 mg / kg 4. This is prob-
ably due to the different background value of
the content of the residual amount of pesticide
in the product. As noted by the authors of the
review [9], these limits are constantly growing,

Ta6a. 1. CoxgepxkaHue 0CTaTOYHOTO KOJIMYECTBA IM(Ocara B HAI3EMHOI OnoMacce 3epHOBOTO

arponcHo3a 1mocJje JeCruKaiuu noceBoB

Table 1. Concentration of glyphosate residues in the aboveground biomass of grain agrocenosis after

desiccation of crops

Sample The day after Herbicide dose, Glyphosate content, mg / kg
selection year n desiccation kg /ha Substrate
lim average
2018 7 7 1,5 Grain 2,644 3,6
12 14 1,5 » 0,5-3.9 2,5
6 14 1,5 Straw 5,5-6,0 5,7
6 14 1,5 Weeds 8-9 8,5
2017 6 After a year of storage 2 Grain 4,1-5,4 42

“BCGlobal Pesticide MRL Database https://www.bryantchristie.com/BCGlobal-Subscriptions/Pesticide-MRLs
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apparently following an increase in the content
of contaminants in products. In the Russian
Federation, the MRL for herbicide residues is
20 mg / kg of grain®. It is difficult to understand
where this figure came from. This is probably
the calculated average MRL value adopted
in the USA and the EU, since we did not find
published information on the content of the
residual amount of glyphosate in grain for the
Russian Federation in the available literature.
According to the above criteria, the content of
the residual amount of herbicides in the grain
in our experience is within acceptable limits.
Based on the decrease in the minimum detect-
able amount of glyphosate residues in the grain,
the waiting time of 14 days after desiccation is
significant.

Asnoted by the authors of a review published
in 2019 [11], there is very little documented in-
formation in the scientific literature on herbicide
residues in cereal products, particularly wheat
grain, after desiccation. The authors found only
four sources published between 2013 and 2018
(see Table 2). From these data, it appears that
herbicide residue levels in grain after desicca-
tion exceeded the MRL adopted in Canada in
one case out of four (the study was conduct-
ed in Canada). For the territory of the former
USSR, data for Ukraine are available [14]. In
Kiev region in 2002-2011, residual amounts
of herbicides in grains of three wheat variet-
ies during desiccation of crops with 3 1/ ha of
isopropyl salt of glyphosate (480 g/l r.a.) were
determined. Depending on the wheat variety
the indicator in the grain was 0.5-2.5 mg/kg. In
Table 2 we gave data on changes in the content
of herbicide residue in processed grain prod-
ucts. The bulk of it remains in bran. In a spe-
cial experiment by Canadian researchers [15],
the proportion of herbicide residue in bran was
81% of the original content in the grain. Nu-
tritionists usually suggest bran as a component
of a healthy diet. It follows that this side of the
issue should be kept in mind.

On the whole, the impression is created
that the situation with the studied indicator in

grain after desiccation is quite favorable. How-
ever, the question arises why the FAO / WHO
MRL for glyphosate residues in wheat grain is
30 mg /kg.

If there is a lot of data on the dynamics of
herbicide residues during grain processing, then
there is very little information on the change in
the pesticide content during grain storage [11].
We have received information on this issue. Our
conclusion is based on the assumption that strict
adherence to the same experimental conditions
in both years of research resulted in an approxi-
mately similar level of herbicide residues in
the grain before harvesting. When storing grain
during the year, this indicator did not decrease.
This is probably due to the well-known fact that
glyphosate is well fixed in plant biomass, as a
result of which the rate of its metabolism de-
creases [16]. Information on the herbicide resi-
dues in straw and weeds is important, since, as
follows from our data, these components of the
biomass can serve as a significant concentrator
of pesticides in the agrocenosis.

CONCLUSIONS

1. Residual amounts of glyphosate (up to 4.4
mg / kg) were found in all samples of wheat
from crops subjected to desiccation.

2. When storing contaminated grain for a
year in a dry and cool room, there was no de-
crease in the residual amount of glyphosate in
the grain.

Ta6a. 2. Coaepxanue mudocara B 3epHe
TIISHUIIBI JI0 U Tocye nepepaboTku [11]

Table 2. Concentration of glyphosate in wheat
grain before and after processing [11]

. Grain processing products
Glyphosate content in
the source grain.
> Glyphosate

mg / kg Product type content, mg / kg
Less than 0,13 Bran 0,7
0,67 Flour 0,02
1,07-1,13 Bread 0,001-0,0458
6,1-11,1 Baked goods | 0,001-0,0179

SHygienic standards for pesticide content in environmental objects (list) GN 1.2.3538-18 // Bulletin of regulatory and
methodological documents of RSES. 2019. Issue 3 (77). Pp. 7-103.
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3. A significantly higher content of the re-
sidual amount of glyphosate in straw and weed
biomass (up to 9 mg / kg) was found in com-
parison with grain. These plant residues can be
a significant source of pesticide pollution.
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MHHOKA3ATEJIb IPOHUIMAEMOCTH KJIETOYHBIX MEMBPAH ITPOPOCTKOB
B OIIEHKE CTPECCOYCTOMYUBOCTH COPTOB ITIIEHUIIBI

<) Typoma T.A., Ceexnnnesa E.A., YecHouenxo H.E.

Cubupckuil ¢hedepanvhviili HayuHblil Yyenmp azpoduomexnonoutl Poccutickoll akademuu Hayk
HoBocubupckas o6nacts, p.i. KpacHooo6ck, Poccust
(<) e-mail: guro-tamara@yandex.ru

Hpe)Z[CTaBJIeHBI PE3YIBTAThI I/ICCHCI[OBaHI/Iﬁ MMPUMECHCHUS T10Ka3aTCiisd MPOHUIACMOCTU KIICTOY-
HBIX MEMOpaH, ONPEAEIIEMOro M0 OTHOCHUTEILHOMY M3MEHEHHIO YIENbHOHW 3JIEKTPOIPOBOIHOCTH
(VOII) BOmHBIX BBITSDKEK TKaHEH, IPOPOCTKOB COPTOB sipoBoi mmieHwUIBI HoBocnOupckas 18, Ho-
BocuOupckas 44, Cubupckas 21 u Omckas 18 mpu coBMeCTHOM JieiicTBUU cTpeccopoB. B mMonens-
HBIX JJa0OPaTOPHBIX BEreTallMOHHBIX OMBITaX MCCIEIOBaHa royacoBas nuHaMuka YOIl BOTHBIX BbI-
TSDKEK JINCTHEB MTPOPOCTKOB (IKCIO3HIINS TUCTHEB B Boze 0,5—4,5 4) B YCIOBHSIX OITHOBPEMEHHOTO
neiictBus xyopuaHoro 3aconenus (1,3%) u Bo30ynuTenst OOBIKHOBEHHOM THWIIM 311aKOB Bipolaris
sorokiniana Shoem. (5000 xoHMOMK Ha 3epHO). YCTAHOBIECHO JOcTOBepHOE yBenmyenue YOI B
1,5 pa3a U CKOPOCTH BBIXO/Ia DJIEKTPOIUTOB B 2 pa3za y MEeHee ycToiurnBoro copra HoBocuOmpckas
44 mno cpaBHeHuto c¢ Oornee yctoitumBeiM Omckas 18. MccnenoBana mocyTouHas AuHamuka YOIl
10-16-CyTOYHBIX MPOPOCTKOB B YCJOBHSAX IOCICAOBATEIBHOIO JEWCTBUSI THUIEPTEPMUHU CEMSIH
(43 °C), xnopunnoro 3aconenus (1,3%) u Bipolaris sorokiniana Shoem. (5000 koMU Ha 3€pHO).
YcTaHOBJIEH MPOTEKTOPHBIN ekt TunepTepMun y 0osee ycroitumsoro copra Cubupckas 21 (mo-
croBepHoe camkenue YOII 1o 1,3 pasza) no cpaBHeHHIO ¢ BapuaHTOM O€3 Iporpesa ceMsiH. Y MeHee
ycroitunBoro copra HoBocuOupckas 18 mporpeB ceMsiH J1eCTaOMIIN3NPOBAIl COCTOSIHAE KIIETOYHBIX
MeMOpaH (JtocroBepHoe yBennuenue YOII u ckopocTr BeIxosa 3i1ekTponuToB B 1,5 u 1,2 paza coor-
BETCTBEHHO). DKCIIEPUMEHTAIIBHO ONPE/IeIICHBI YCIOBHS, 00CCIICUHBAIOIINE BISBICHHE MaKCHMAJIb-
HBIX Pa3IM4Ui UCCIETYEMbIX COPTOB MILEHULIBI: BO3PACT MPOPOCTKOB — 10 CyT, BpeMEHHOI HHTEpBa
AKCIIO3UIMU 00pa3noB B Bojae — 1,5—4,5 4. MexXCOPTOBBIE PA3INYHsI IO OTHOCUTEIHFHOMY N3MEHEHHIO
3nayenuit YOII B BapuaHTe 6e3 mporpeBa ceMsiH cocTaBisuii 1,9 pa3a U B BapuaHTe ¢ IPOrPEBOM
ceMsiH — 3,7 pasza ¢ JOCTOBEPHOCThIO pa3nuuuil Ha ypoBH:X p < 0,05 u p < 0,01. MexcoproBble pas-
JINYU 110 OTHOCUTCIIbHOMY M3MCHCHUIO VSH, YCTaHOBJICHHBIC HA MHTCPBAJIC BPEMCHU 3KCIIO3UIINU
BbIXOJA AMEKTponuToB 1,5-4,5 u, coctaBmsuu 1,50—1,67 pasza ¢ A0CTOBEPHOCTHIO pa3IUUXil HA YPOBHE
p < 0,05. IIpeanmoxxeHHBIN TOIXOA TMTO3BOJIMUT pa3padoTaTh METOIUKY OIIEHKH HOBBIX T€HOTHUIIOB Ha
YCTOHYUBOCTD K COBMECTHOMY JICHCTBHIO OMOTHYECKUX M AOMOTHYECKUX CTPECCOPOB.

KuroueBble cjioBa: coprt, MIIEHHIA, YCTOWYMBOCTh, CTPECCOPHI, MPOHUIIAEMOCTh KIETOYHBIX
MeMOpaH, yaenbHast dIEKTPOIPOBOIHOCTD

THE INDICATOR OF CELL MEMBRANE PERMEABILITY OF WHEAT
SEEDLINGS IN ASSESSING STRESS RESISTANCE OF WHEAT VARIETIES

(<) Gurova T.A., Svezhintseva E.A., Chesnochenko N.E.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<) e-mail: guro-tamara@yandex.ru

The paper presents the results of studies on the use of the permeability index of cell membranes,
determined by the relative change in the specific electrical conductivity (EC) of water extracts of
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assessing stress resistance of wheat varieties

tissues of spring wheat seedlings, varieties Novosibirskaya 18, Novosibirskaya 44, Sibirskaya 21 and
Omskaya 18, under the combined action of stressors. In model laboratory vegetation experiments,
the hourly dynamics of the EC of water extracts of seedling leaves (exposure of leaves to water
for 0.5-4.5 h) was investigated under the simultaneous action of chloride salinity (1.3%) and the
causative agent of common rot of cereals Bipolaris sorokiniana Shoem. (5000 conidia per grain). It
was established that EC increased by 1.5 times and the rate of electrolyte leakage increased twofold
in the less resistant variety Novosibirskaya 44 compared to the more resistant Omskaya 18. The
daily dynamics of the EC of 10—16-day-old seedlings was studied under the sequential action of seed
hyperthermia (43 °C), chloride salinity (1.3%), and Bipolaris sorokiniana Shoem. (5000 conidia per
grain). The protective effect of hyperthermia was established in the more resistant variety Sibirskaya
21 (a decrease in EC up to 1.3 times) in comparison with the variant without heating the seeds.
In the less resistant variety Novosibirskaya 18, heating the seeds destabilized the state of the cell
membranes (increase in EC and electrolyte leakage rate by 1.5 and 1.2 times respectively). The
conditions that ensure the identification of the maximum differences in the studied wheat varieties
were experimentally determined: the age of seedlings 10 days, the time interval of exposure of the
samples to water 1.5-4.5 h. Intervarietal differences in the relative change in the EC values in the
variant without heating the seeds were 1.9 times and in the variant with heating the seeds — 3.7
times, with the significance of difference at the levels p < 0.05 and p <0.01. Intervarietal differences
in the relative change in the EC, established for the time interval exposition of electrolytes leakage
of 1.5-4.5 h, were 1.50—-1.67 times with the significance of difference at the level of p < 0.05. The
proposed approach will make it possible to develop a methodology for assessing new genotypes for

resistance to the combined action of biotic and abiotic stressors.
Keywords: wheat, variety, resistance, stressors, permeability of cell membranes, electrical

conductivity
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INTRODUCTION

In crop variety breeding it is necessary to
diagnose their resistance to biotic and abiotic
stress factors of the environment. Perform-
ing such an assessment in the field by a direct
method (by yield depression) is a laborious and
time-consuming stage. In this regard, the as-
sessment of varieties is carried out in labora-
tory conditions by indirect methods to change
the physiological, biochemical and biophysical
parameters, which reflect the process of plant
adaptation to stress [1, 2]. The advantages of
indirect assessment include high information
content, the ability to predict a decrease in pro-

ductivity under stress at the early stages of plant
ontogenesis, the independence of diagnostic
indicators from environmental conditions, and
the possibility of automated assessment [3].
For the most part, the diagnostic methods
used make it possible to assess genotypes for
resistance to one acting stressor. However, in
natural conditions, plant organisms are exposed
to a complex of environmental stress factors
in various combinations and doses at different
stages of plant development. Therefore, it is
important to conduct research on the resistance
of crops to stressful influences, simulating their
cumulative effect [4]. In Siberia, among other
stressors limiting the yield, soil salinity, com-
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mon root rot, and elevated air temperatures
should be taken into account [5].

The main plant responses to abiotic and bi-
otic factors are associated with the occurrence
of oxidative stress, which disrupts the structure
and function of cell membranes. This leads
to complete cell death, inhibition or arrest of
growth [6, 7]. The biological membrane serves
as a primary protective barrier and provides a
nonspecific component of adaptation mecha-
nisms under the action of stress factors [8].

The most important property of biological
membranes is permeability. It determines the
stability of plant tissues and cells and character-
izes the static, genetically determined potential
resistance of the genotype [9, 10]. The higher
the resistance of plants, the less the structure
and properties of membranes are disturbed, and
the release of electrolytes from plant tissues
into the external environment decreases [11].
Changes in membrane permeability for electro-
lytes is one of the criteria for plant resistance
to biotic and abiotic stressors. The reason for
the increase in the permeability of cell mem-
branes under stress may be the H * / Ca ' ra-
tio in the membranes, a decrease in the level of
SH-groups, the formation of defective regions
in lipids, and an increase in the activity of en-
dogenous phospholipases'.

The permeability of cell membranes is de-
termined by the conductometric method by
measuring the specific electrical conductivity
of electrolytes released through damaged cell
membranes from plant tissues and organs into
distilled water, which can be a diagnostic indi-
cator of the stress resistance of the variety.

The results of studies on changes in the per-
meability of cell membranes under the action
of low temperatures on plants [12, 13], drought
[14, 15], infection with a pathogen [16, 17],
biologically active substances [18, 19], heavy
metals [20] were obtained.

The method also turned out to be in demand
in studying the response of plants to the sepa-
rate and combined action of stressors: low tem-
perature and cadmium ions [21], heat shock and
water deficit [22], unfavorable temperature and
heavy metals [23], salinity and zinc [24].

Earlier, we experimentally proved the pos-
sibility of taking into account the change in the
permeability index of cell membranes, assessed
by the specific electrical conductivity (EC) of
seedling tissues. On the basis of this, diagnostic
methods have been developed to assess the re-
sistance of spring wheat and barley varieties to
chloride salinization and the causative agent of
common rot of cereals*>.

The aim of the research is to evaluate the
specific electrical conductivity of aqueous ex-
tracts of leaves as an indicator of the permeabil-
ity of cell membranes of seedlings to determine
the stress resistance of wheat varieties to the
combined action of the causative agent of root
rot of cereals, chloride salinization, and hyper-
thermia of seeds.

MATERIAL AND METHODS

The experimental work was carried out in
the laboratory for the study of physical process-
es in agrophytocenoses of the Siberian Institute
of Physics and Technology, SFNCA RAS. The
studies were carried out in laboratory condi-
tions (vegetation experiment - water crops)
on seedlings of zoned varieties of soft spring
wheat Novosibirskaya 18, Novosibirskaya 44,
Sibirskaya 21 of the Siberian Research Insti-
tute of Plant Production, a branch of the ICG
SB RAS, and Omsk 18 of the selection of the
Omsk ASC.

The study of the permeability index of seed-
ling cell membranes was carried out to assess
the resistance of varieties to the combined ac-
tion of the common rot pathogen Bipolaris so-
rokiniana Shoem. (B. sorokiniana), chloride sa-

!Chirkova T.V. Physiological foundations of plant resistance: a textbook. SPb.: Publishing house S.-Pb. University, 2002.244 p.

*Patent RU 2446671 IPC A01G7 / 00, AO1H1 / 04. The method for determining the relative resistance of soft spring wheat
varieties to chloride salinity / T.A. Gurova, V.Yu. Berezina, N.S. Kutserubova. Publ. 10.04.2012.

SPatent RU 2625027 IPC AO1C12N 1/14, AO1H 5/12. The method for determining the relative resistance of soft spring wheat
varieties to the causative agent of common root rot of cereals / T.A. Gurova, V.V. Alt, O.S. Lugovskaya. Publ. 11.07.2017.
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linization and hyperthermia of seeds. The hour-
ly and daily dynamics of the EC of the extracts
of seedlings leaves of wheat cultivars differing
in their resistance to these stressors was stud-
ied. Preliminarily, the resistance of varieties
was assessed in laboratory conditions accord-
ing to growth parameters, changes in dry and
wet biomass, and development of the disease
on seedlings [25].

The hourly dynamics of changes in the leaf
extracts EC (kinetics of electrolyte release af-
ter exposure of leaf tissue in distilled water for
0.5-4.5 h) was recorded in 10-day-old seedlings
of varieties Omskaya 18 (relatively stable) and
Novosibirskaya 18 (relatively unstable). The
stressors acted simultaneously.

Experiment options:

— control (stress-free seeds),

— infection of seeds with B. sorokiniana
(5000 conidia per grain) + chloride salinity of
1.3%.

The daily dynamics of EC was recorded in
10-16 day old seedlings of varieties Sibirskaya
21 (relatively resistant) and Novosibirskaya
18 (relatively unstable). A sequential action
of stressors was used - preliminary heating of
seeds, followed by infection with B. sorokini-
ana and chloride salinization.

Experiment options:

— control (seeds without heating) and heat-
ing of seeds at 43 ° C;

— seeds without heating + infection with B.
sorokiniana (5000 conidia per grain) + chloride
salinity 1.3%;

— seed heating + B. sorokiniana infection
(5000 conidia per grain) + chloride salinity
1.3%.

The levels of stress loads (conidial suspen-
sion of B. sorokiniana 5000 conidia per grain,
concentration of sodium chloride (NaCl) 1.3%
and temperature 43 ° C) were determined by us
in specially conducted vegetation experiments.
These levels make it possible to differentiate
wheat varieties of Siberian selection when as-

sessing their resistance to these stress factors
(see footnotes 2 and 3) [26].

Wheat seeds were pre-sterilized with 96%
ethyl alcohol for 2 min, followed by three rins-
ing with distilled water. The seeds were heated
for 20 min in hot water in a water bath accord-
ing to the VIR* method. After cooling, the seeds
were placed in Petri dishes with moistened filter
paper and germinated in a thermostat at 22 °C
for three days. Simultaneously, the soaked seed
samples were germinated without heating.
Seed infection was carried out in the germina-
tion phase (on the third day of cultivation) with
a conidial suspension of a mixture of medium
pathogenic isolates of B. sorokiniana prepared
on 0.1% aqueous agar (one drop per grain).
Then the plants were grown in a roll culture on
tap water (control option) and sodium chloride
(B. sorokiniana infection + chloride saliniza-
tion option) in a Biotron-8 climatic chamber
with a day-night photoperiod of 16 and 8§ h,
respectively, illumination 20,000 Ix (day), tem-
perature 22 °C and humidity 60%.

To measure the EC, the first leaves of the
seedlings were removed, washed with tap
water, and dried with filter paper. An average
sample was prepared in each variant. For this
purpose, cuts were made from the middle part
of the leaves with a blade, they were placed in a
bag made of nylon cloth, washed with distilled
water, and then dried with filter paper. Samples
of plant tissue were placed in a glass cup with
distilled water at a certain tissue - water ratio.
The cups were kept under illumination con-
ditions for at least 1.5 h. The specific electri-
cal conductivity of aqueous extracts of leaves
was measured on an edge EC conductometric
device, HANNA Instruments (Germany). The
response of the cultivar was determined by the
relative change in the UEP of water extracts of
the leaves of seedlings after exposure of plants
to stressors. The smaller the change in the pa-
rameter, the more resistant the variety®.

‘Diagnostics of plant resistance to stress effects: guidelines / ed. G.V. Udovenko. L., 1988.228 p.

SGurova T.A., Denisyuk S.G., Lugovskaya O.S., Svezhintseva E.A., Mineev V.V. Methodological provisions for early
diagnosis of the resistance of spring wheat and barley to the combined action of stressors. Novosibirsk: SFSCA RAS, 2017.62 p.

HOCTbIO paznnuuii Ha ypoBHe p < 0,05.
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Analytical repetition of experiments is 6-8
times, biological - 3 times. Representative
sample - 200 seedlings in each variant of the
experiment. The experimental data were math-
ematically processed using standard statisti-
cal programs. To determine the significance of
differences in mean values, the Student's t-test
was used. Regression analysis was carried out
to reveal the relationship between the recorded
parameters of varieties and their resistance. The
average error did not exceed 3—5%. Three se-
ries of experiments were carried out.

RESULTS AND DISCUSSION

A study of the hourly dynamics of the re-
lease of electrolytes. One of the most essential
requirements for a diagnostic method is its dif-
ferentiating ability. It is determined by the re-
liability of the assessment of the resistance of
closely related objects (varieties of the same
crop, plants from the same varietal population)
to various stress effects. Therefore, the choice
of regimes (conditions) that would provide the
greatest amplitude of the manifestation of vari-
etal differences is necessary in the experiment.

The study of electrolyte release kinetics de-
pending on the duration of leaf tissue exposure
to water is an important methodology for es-
tablishing the time of maximum inter-varietal
differences in the assessment of variety stress
tolerance. The EC measurements showed a dif-
ferent pattern of electrolyte release from leaf
tissue of wheat seedlings into distilled water
under simultaneous action of chloride salinity
and cereal root rot pathogen (see Fig. 1).

The release of electrolytes in seedlings of
both varieties in the control variants did not
differ significantly. In the experimental variant,
the electrolyte yield in seedlings of the rela-
tively resistant cultivar Omskaya 18 stabilized
at a lower level of the EC value compared to
the relatively unstable cultivar Novosibirskaya
44. The rapid release of electrolytes in the first
0.5—-1.5 h of exposure of the samples to distilled
water was replaced by a weaker one. but with
a stable output over the next three hours (ex-
posure time 1.5-4.5 h). Thus, on the curve of
the total electrolyte yield, two sections can be

distinguished, characterizing the time intervals
of various processes (see Fig. 2).

Section 1 of the graph (exposure time 0.5—
1.5 h) characterizes the release of electrolytes
from the apoplast, in which ions move in ac-
cordance with the laws of diffusion and adsorp-
tion [27]. Section 2 of the graph (exposure time
1.5-4.5 h) differs in a smaller angle of inclina-
tion of the linear approximation than section 1,
and reflects the functional activity of the plasma
membrane, its resistance to diffusive penetra-
tion of electrolytes.

Consequently, the time interval for the re-
lease of electrolytes from the free space (apo-
plast) and cytoplasm (through the plasmalem-
ma), which indirectly indicates the state of the
plasmalemma, is 1.5—4.5 hours. The indicator
of the relative change in the EC for the unstable
variety Novosibirskaya 44 significantly ex-
ceeds (with an exposure of 1.5 h - 1.5 times) the
indicator of the relative change in the EC for
the resistant cultivar Omskaya 18. The slope of
the linear approximation (the rate of electrolyte
release) for the unstable cultivar Novosibirska-
ya 44 significantly exceeds (more than 2 times)
the rate of electrolyte release in seedlings of the
resistant cultivar Omskaya 18. Intervarietal dif-
ferences established by exposure times 1.5; 3.0
and 4.5 hours were 1.5; 1.66 and 1.67 times, re-
spectively, with the significance of differences
at the level of p <0.05.

Thus, the maximum differences between
the studied varieties of spring wheat were re-
vealed in the time interval of the experiment,
1.5-4.5 h. The time of exposure of the samples
in water was established (at least 1.5 h). With
a shorter exposure period, electrolytes are re-
leased only from the free space (apoplast). An
exposure time of more than 4.5 hours increases
the duration of the sample evaluation procedure
and reduces the quality of analyzes. The more
resistant cultivar Omskaya 18 has the smallest
indicators of the relative change in the EC and
the rate of release of electrolytes. The smaller
the relative change in EC, the more resistant the
cultivar to the combined effect of the conidial
suspension of B. sorokiniana (5000 conidia per
grain) and 1.3% chloride salinity.
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JIOCTOBEpHBI Ha ypoBHE p < 0,01

Fig. 1. Electrical conductivity of water extracts of wheat leaves depending on the duration of exposure of
leaf tissue to water (stressors — conidial suspension of B. sorokiniana — 5000 conidia per grain + sodium
chloride 1.3%): [ — variety Omskaya 18 (relatively resistant), 2 — variety Novosibirskaya 44 (relatively
non-resistant). Differences with control are reliable at the level of p <0.01
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JHBIX BBITSDKEK JIMCTHEB MILEHULBI OT AJIMTEIBHOCTH SKCIO3UIUH JIUCTOBOM TKaHU B Bozie: / — COpT
Owmckas 18 (oTHOCUTENBHO yCTOWUUBEIN); 2 — copT HoBocuOupckast 44 (OTHOCHTENBHO HEYCTOMYNBBIN)
Fig. 2. Linear approximation of the relative change in the electrical conductivity of water extracts of

wheat leaves on the duration of exposure of leaf tissue to water: / — variety Omskaya 18 (relatively
resistant); 2 — variety Novosibirskaya 44 (relatively non-resistant)
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A study of the daily dynamics of the release
of electrolytes. The daily dynamics of the leaf
extracts EC was studied in 10-16-day old seed-
lings of wheat cultivars Sibirskaya 21 (rela-
tively resistant) and Novosibirskaya 18 (rela-
tively unstable). The experiment was carried
out without preliminary heating and with heat-
ing of seeds under the combined action of the
following stressors: conidial suspension of B.
sorokiniana and sodium chloride. The prima-
ry experimental data are presented in Table 1.
The results obtained are approximated graphi-
cally in the form of quadratic dependences (see
Fig. 3). The coefficients of quadratic equations
for each variant of the experiment, respectively,
are presented in Table 2. Analysis of the ob-
tained experimental data on the study of daily
dynamics and the corresponding approximating
quadratic dependences made it possible to re-
veal the following features.

The value of the relative change in the EC
sharply increases in 12-day-old seedlings
with a subsequent increase in the indicator
during cultivation for 16 days in both variet-

ies in the variants with and without heating
the seeds (see Table 1 and Fig. 3). In the vari-
ant without heating the seeds, the indicator of
the relative change in the EC in seedlings of
the Novosibirskaya 18 variety over the entire
range of studies reliably (p < 0.05) exceeds
the EC indicator for the resistant cultivar Si-
birskaya 21 (almost 2 times on the 10th day
of seedling cultivation). Preliminary heating
of seeds followed by the action of two stress-
ors (B. sorokiniana and sodium chloride) led
to the destabilization of cell membranes and
a significant (p < 0.05) increase in the EC of
seedlings of Novosibirskaya 18 variety (rela-
tively unstable). In the cultivar Sibirskaya 21,
the seeds heating stimulated the formation of
protective and adaptive reactions, which was
reflected in a decrease in the EC for the en-
tire period of cultivation of seedlings of this
cultivar. One of the possible reasons for such
a combined tolerance in seedlings of the Si-
birskaya 21 cultivar is the ability of plants to
adapt existing cross reactions under the ac-
tion of stressors [28].
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Puc. 3. 3aBUCHUMOCTh OTHOCUTEIBHOTO n3MeHeHus1 YOI oT Bo3pacTa MpopOCTKOB IPH COBMECTHOM
JEHCTBUN CTPECCOpPOB (KOHUIUANbHAS CycnieH3us B. sorokiniana + xnopun Harpus 1,3%): 1 — copt
HoBocubupckas 18, 6e3 mporpesa cemsis; 2 — copt HoBocubupcekas 18, ¢ mporpeBom cemsiH; 3 — copT
Cubupckas 21, 6e3 nmporpesa cemsiH; 4 — copt Cubupckas 21, ¢ mporpeBoM ceMsiH

Fig. 3. Dependence of the relative change in EC on the age of seedlings under the combined action

of stressors (conidial suspension of B. sorokiniana + chloride salinity 1.3%): / — Novosibirskaya 18,
without seed heating; 2 — Novosibirskaya 18 variety, with seed heating; 3 — Sibirskaya 21, without seed

heating; 4 — Sibirskaya 21, with seed heating
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Taoda. 1. V3MeHeHue yaeabHOH 3JI€KTPONPOBOTHOCTH COPTOB MIICHHUIIBI B 3aBUCUMOCTH OT BO3pacTa
MPOPOCTKOB MPHU JCHCTBHU KOMITIeKkca cTpeccopoB, YOII x 107 Cm/m

Table 1. Changes in the specific electrical conductivity of wheat varieties depending on the age of
seedlings under the action of a complex of stressors, EC x 10 Cm/m

. . Seedling age, days
Variety Option 0 | T 14 | 6
Without heating the seeds
Novosibirskaya Control 3,5+0,01 3,5+ 0,05 3,1+0,03 3,0+ 0,05
18 Conidial suspension 25,5+ 0,5* 44,7 +£0,5* 42,24+ 0,3* 43,5+ 0,5*
B. sorokiniana + sodium chloride
Sibirskaya 21 | Control 5,1 +£0,05 4,1£0,06 4,0£0,01 4,1+£0,07
Conidial suspension 21,4+0,7* 39,6 £1,1% 40,4 +0,9* 49,2 +1,2*
B. sorokiniana + sodium chloride
Heating up seeds at 43 ° C
Novosibirskaya | Control 3,8 +0,03 3,8+0,02 2,9+0,03 3,0+0,03
18 Conidial suspension 38,7+ 1,0% | 554+12% | 44,1+0,8% | 47,4+0,9*
B. sorokiniana + sodium chloride
Sibirskaya 21 | Control 6,9 + 0,08 4,8 +0,04 4,2+0,03 4,0£0,02
Conidial suspension 23,8+ 0,5* 36,8 £0,7* 43,6 £0,8* 454 £ 1,1*
B. sorokiniana + sodium chloride

* Differences with the control are significant at the significance level of p <0.01.

In both cultivars, the difference in the rela-
tive change in the EC in the variants with and
without heating the seeds was maximal in
10-day-old seedlings - 1.5 times (Novosibirska-
ya 18) and 1.3 times (Sibirskaya 21) with the
significance of differences at the level of p <
0, 05. Intervarietal maximum differences were
also recorded in 10-day-old seedlings; in the
variant without heating the seeds, they were 1.9
times and in the variant with heating the seeds,
3.7 times, with the significance of differences at
the level of p < 0.05.

One of the important characteristics of the
process is the rate of its growth. To characterize
the rate of release of electrolytes, an analysis
of linear functions (derivatives of approxima-
tion dependences) was carried out, which made
it possible to reveal a number of features (see
Table 2).

The maximum electrolyte yield was achieved
at a seedling age of about 15.5 days for all vari-
ants of experiments (14.86; 14.95; 15.67; 16.25
days), and in the Novosibirskaya 18 variety -
a day earlier than in the Sibirskaya 21 variety.
The slope of the function, which characterizes
the rate of change in the rate of release of elec-
trolytes, is also noted to be higher in the Novo-
sibirskaya 18 variety, which indicates a greater

instability of cell membranes in this variety un-
der the combined action of stressors.

Thus, under the conditions of the sequential
action of stressors, a protective effect of hyper-
thermia was established in the more resistant
cultivar Sibirskaya 21 (a significant decrease
in EC up to 1.3 times) as compared with the
variant without heating the seeds. In the less
resistant variety Novosibirskaya 18, heating
the seeds destabilized the state of the cell mem-
branes (a significant increase in the EC and the
rate of electrolyte release by 1.5 and 1.2 times,
respectively).

CONCLUSIONS

1. The informativity of leaf aqueous extracts
EC as an indicator of change in cell membrane
permeability of seedlings has been experimen-
tally established to determine stress tolerance
of wheat varieties to the combined action of ce-
real root rot, chloride salinity and seed hyper-
thermia pathogen.

2. The dependence of resistibility of the EC
of leaf extracts of four varieties of spring wheat
to simultaneous and sequential combined ac-
tion of seed hyperthermia (43 °C), chloride sa-
linity (1.3%) and common cereal rot pathogen
B. sorokiniana (5000 conidia per grain) was
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Taoa. 2. AHanmuTHYeCcKHe BBIpAXXCHUS allTIPOKCUMAIIMOHHBIX (I)YHKHI/IfI 3aBUCUMOCTH OTHOCHUTCIIBHOTO

u3meHenus: YOII ot Bo3pacTa npopoCTKOB

Table 2. Analytical expressions of the dependence approximation functions of EC relative change on

the age of seedlings

Analytic expression Maximum Angle
Option abscissa factor of
Function Y, EC Derivative Y Xm, days | function Y,
Novosibirskaya 18 variety

Seeds without heating +
Conidial suspension
B. sorokiniana + sodium
chloride

Y, =-288125X*+861,275X - 5080,45 |-57,6250X + 861,275 | 14,95 -57,6
Seeds with heating +
Conidial suspension
B. sorokiniana + sodium
chloride Y, =-23,5625X*+ 700,675X — 3713,65 |-47,1250X + 700,675 | 14,86 | 47,1

Sibirskaya 21 variety

Seeds without heating +
Conidial suspension
B. sorokiniana + sodium
chloride —22,3125X* + 699,475X — 412,050 —44,6250X+ 699,475 | 15,67 —44.,6
Seeds with heating +
Conidial suspension
B. sorokiniana + sodium
chloride -20,3188X>+ 660,353 X — 4327,895 —40,6376X + 660,353 | 16,25 40,6

determined. The smallest changes in the EC
value and electrolyte release rate were recorded
in seedlings of relatively resistant varieties of
spring wheat Omskaya 18 and Sibirskaya 21.

3. When studying the hourly dynamics of the
electrolyte release (exposure of seedling leaves
in water for 0.5-4.5 h) with the simultaneous
action of B. sorokiniana (5000 conidia per
grain) and chloride salinity (1.3%), there was
a significant 1.5-fold increase in the relative
change of the EC and a 2-fold increase in the
electrolyte release in the less resistant variety
Novosibirskaya 44 compared to the more resis-
tant variety Omskaya 18.

4. In a study of the daily dynamics of elec-
trolyte release in 10—16-day-old seedlings un-
der the sequential action of seed hyperthermia
(43° C), B. sorokiniana (5000 conidia per grain)
and chloride salinity (1.3%), the protective effect
of hyperthermia was established in a more resis-
tant cultivar Siberian 21. There was a significant
(p <0.05) decrease in the relative change in EC
by 1.3 times compared with the option without
seeds heating. In the less resistant variety Novo-
sibirskaya 18, the seeds heating destabilized the

state of cell membranes, which led to a signifi-
cant (p < 0.05) increase in the relative change in
the EC and the rate of electrolyte release by 1.5
and 1.2 times, respectively.

5. Analytical expressions have been ob-
tained, confirming the experimentally estab-
lished methodological procedures of conduc-
tometric measurements, providing the maxi-
mum intervarietal differences: the age of seed-
lings - 10 days; the time interval of exposure
of the samples in water was 1.5-4.5 h. The
intervarietal differences in the variant without
heating the seeds were 1.9 times and in the
variant with heating the seeds - 3.7 times with
the reliability of differences at levels p < 0.05
and p < 0.01. Intervarietal differences estab-
lished at the time interval of exposure to the
release of electrolytes 1.5-4.5 h were 1.50—
1.67 times with the significance of differences
at the level of p <0.05.
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IOOEKTUBHOCTD UCITIOJBb30BAHUA BUOJTOTMYECKOI'O IIOTEHIIUAJIA
COPTOB JIbHA-JIOJI'YHIIA TOMCKOM CEJEKIUU IIPU IEPEPABOTKE
JIBHOTPECTbBI
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[IpuBeneHs! cBeleHUs] O CTPYKTYpe IMOCEBHBIX IUTOIIAJeH JbHa-ponryHua B Poccun B 2016—
2020 rr. Copra TOMCKO# cenekiuu 3anuMarot noutu 30% ot oOrield rmoaau nmoceos. Mccienosa-
HUS TIPOXOAWIIH B JIbHOCeromux perronax Poccun B 2001-2020 rr. Onpenenena TeXHOIOTHYECKas
LIEHHOCTb JIbHOCBIPbS U3y4aE€MBbIX COPTOB JIbHA-AOJITYHIIA IIPH IepepadOTKe JIbHOTPECThI Pa3INIHO-
I'0 Ka4ecTBa Ha JbHONEpepadaThIBAIOLINX NpeIupusaTHiX. V3yueHsl moka3areny no o01eMy BbIXO-
Iy BOJIOKHA, BBIXO/lY [UIMHHOTO BOJIOKHA, BBIXOAY KOPOTKOT'O BOJIOKHA, HOMEPY AJMHHOTO BOJIOKHA,
HOMEpY KOPOTKOT'O BOJIOKHA, & TAK)Ke 10 KOMIUIEKCY YKa3aHHBIX MPU3HAKOB. YCTaHOBIeHA Y dek-
TUBHOCTH MCIIOJIb30BaHUs MOTEHIIMAJIbHBIX BO3MOKHOCTEH M3y4aeMbIX COPTOB IO OTHOLIEHHIO K
naHHbIM ['occoproncnbiTanus. [1o pesynsratam nepepaboTKy JIHHOTPECTHI U PEHTUHIOBOM OIIEHKH
YKa3aHHBIX COPTOB B CPAaBHEHUU C JIyUIIMMH U Xy[IIUMHU COPTaMH yCTAHOBJIEHO, YTO Ul HU3KO-
Ka4eCTBEHHOM JIFHOTPECTHI K YHCITy COPTOB MOTYT OBITh OTHECEHBI cienyrontue: Tomckuit 18 — mo
BBIXOJly KOPOTKOro BosiokHa (24,9%), Tomckuii 16 — mo Homepy anunHOro BosnokHa (11,08 N),
Toct — o HOMEpY KopoTkoro BosokHa (3,42 N) v KOMIUIEKCY MPU3HAKOB (CPEIHUH WHAEKC peii-
tuHra 9,8 nosunuii). K rpymnme iayqmmx copToB 1o o0meMy BBIXOAY BOJIOKHA ITPUHAAJIEKAT COPTa
Tomcxwmit 18 (33,2%) u Toct (32,2%), BeIX0Ay MummHHOTO BOostokHa Toct (13,1%), Bexoay (23,2%)
u Homepy (5,20 N) kopoTkoro BomokHa ToMckuit 18 (BRICOKOKaYeCTBEHHAS JILHOTPECTA). YPOBCHB
peanu3anyuy OMOJIOrMYECKOro NOTEHIMAala, yCTAHOBIEHHOTO ITPpH 1 0CCOPTONCTIBITAaHUH, BCEX MPe.-
CTaBJICHHBIX COPTOB B NMPOW3BOJCTBEHHBIX YCIOBHSAX NPH IepepaboTKe JbHOTPECTHI M0 O0LIEeMy
BBIXOJYy BOJIOKHA U BBIXO/ly AJIMHHOIO BOJIOKHA HejocTaToueH. Ero 3Hauenue g coproB Tomckoit
LIKOJIBI CEJICKIIMH COCTABJISIET 1O OOILIEMY BBIXOLY BOJOKHA 65,2—86,3%, BBIXOAY JUIMHHOTO BO-
nokHa 17,6-31,4% (um3kokadecTBeHHas apHOTpecTta), 77,7-94,2 m 30,5-52,2% CcOOTBETCTBEHHO
(BBICOKOKaUECTBCHHAS JIBHOTPECTA).

KiiroueBble cioBa: JeH-JONTYHEL, JILHOTPECTAa, BBIXOA BOJOKHA, JIbHOIEpepadaThIBarOIIUe
MPEANPHUITUS

EFFICIENCY OF USING THE BIOLOGICAL POTENTIAL OF FIBER FLAX
VARIETIES OF THE TOMSK SCHOOL OF BREEDING IN FLAX STRAW
PROCESSING

(<) Vinogradova T.A., Kudryashova T.A., Kozyakova N.N.
Federal Research Center for Bast Fiber Crops,

Tver, Russia
D e-mail: info.trk@fnclk.ru

The information on the structure of the areas cultivated with fiber flax in Russia in 20162020 is
presented. The varieties of the Tomsk school of breeding occupy almost 30% of the total area under
crops. The study was carried out in the flax-growing regions of Russia in 2001-2020. The technological
value of flax raw material of the studied varieties of fiber flax for processing flax of various quality at
flax processing enterprises was determined. The indicators for the total fiber yield, long and short fiber
yield, long fiber number and short fiber number, and the combination of these features were studied.
The efficiency of using the potential capabilities of the studied varieties in relation to the data of the
State Variety Testing was established. According to the results of flax straw processing and the rating
assessment of these varieties in relation to the best and worst ones, it was found that the following
varieties can be referred to as the ones with low-quality flax straw: Tomsk 18 — by the yield of short
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fiber (24.9%), Tomsk 16 — by the number of long fiber (11.08 N), Tost — by the number of short
fiber (3.42 N) and the complex of features (average rating index of 9.8 positions). The group of the
best varieties for the total fiber yield includes Tomsk 18 (33.2%) and Tost (32.2%), for the long fiber
yield — Tost (13.1%), for the short fiber yield (23.2%) and the number of short fiber (5.20 N) — Tomsk
18 (high-quality flax). None of the varieties presented fulfil the biological potential in the processing
of flax straw under production conditions in terms of the total fiber yield and the yield of long fiber,
established by the State Variety Testing. Its value for the varieties of the Tomsk school of breeding
is 65.2-86.3% for the total fiber yield, 17.6-31.4% for the long fiber yield (low-quality flax straw),
77.7-94.2 and 30.5-52.2%, respectively (high-quality flax straw).
Keywords: fiber flax, flax straw, fiber yield, flax processing enterprises
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INTRODUCTION

In modern conditions, the flax industry is
faced with an important task related to import
substitution - the creation of a reliable and stable
domestic raw material base in the production of
fiber flax, capable of meeting the requirements
of flax processing enterprises in high-quality fi-
ber products [1-3]. Improving the efficiency of
fiber flax production and the competitiveness
of its products depends on many factors [4-7].
One of the most important factors is the devel-
opment of new domestic varieties that have
economically valuable traits and a high degree
of their manifestation during the processing of
flax trees under production conditions [8—10].
Among other varieties of both domestic and
foreign origin, these requirements are also met
by the varieties of the Tomsk School of Breed-
ing' [11-13].

The area sown under these varieties in Rus-
sia averaged almost 30% of the total area® from
2016 to 2020. Due to various reasons (primar-
ily due to the insufficient amount of seeds of
domestic breeding varieties) almost 30% of

the area is cultivated with fiber flax varieties of
foreign selection (see Table 1) [1, 2, 7]. Tak-
ing into account the high prevalence of Tomsk
selection varieties in the crops, it is necessary
to assess their importance from the position of
technological flaxseed fleece in processing for
fiber. According to the traditional technology of
flax fiber processing for long and short fiber, the
technological value is determined by their yield
and quality?® [14]. It is known that the biological
potential of the varieties, which is determined
by the State Variety Testing, in the practical ac-
tivities of flax processing enterprises is far from
being fully used.

The aim of the research is to determine the
technological value of flax straw of the Tomsk
breeding cultivars in comparison with other va-
rieties of domestic and foreign origin in prima-
ry flax straw processing of different quality; to
estimate the efficiency of using biological po-
tential of the mentioned fiber flax varieties by
main features in flax straw processing in pro-
duction conditions.

'The State Register of Breeding Achievements Admitted to Cultivation in the Russian Federation. 2016.450 p.
*Varietal crops of fiber flax and hemp in 2015-2016. Statistical data "Agency" Len ". 2016-2020.

3Patent 2597552 C1 (Russian Federation) The method for assessing the technological value of fiber flax stems / V.A. Romanov,
T.A. Rozhmina, M.M. Kovalev S.L. Belopukhov. Appl. 10.03.2015.
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MATERIAL AND METHODS

The studies were carried out from 2001 to
2020 in the conditions of flax-growing farms
and flax-processing enterprises of the Tver,
Smolensk, Pskov, Kostroma, Vologda regions,
as well as on the basis of the All-Russian Re-
search Institute of Flax (currently the Federal
Scientific Center for Bast Crops). According to
a special methodological program, which was
developed to establish the standards for the
transfer of flax straw of new varieties of fiber
flax into fiber, batches of flax of different qual-
ity for each variety under study were prepared*
[5, 7]. The weight of each batch was at least
2 tons. Some batches were represented by low-
quality flax-straw (numbers 0.50-0.75), and
some were high-quality flax-straw (numbers
1.00 and more). When carrying out control de-
velopments at flax processing enterprises, in
accordance with the rules of technical operation
of flax factories, the optimal operating mode of
the equipment was established. According to
the current GOSTs, the quality of flax straw,
long and short fibers were determined at all
production transitions. With normalized hu-
midity and contamination of flax straw and fi-
bers, the total yield, the yield of long and short
fibers from each batch were established. The
following equipment was used: SKP-10LU
flax-straw dryer, MTL-1 crushing and scutch-
ing unit, TL-4-2 machine for processing loose
pieces, SKP-10KU short fiber dryer, KPAL flax
tow scutcher. State variety trials at variety plots
of flax-growing regions of the Russian Federa-
tion were carried out according to the existing
methodology”. The experimental data were sta-
tistically processed using the methods of math-
ematical statistics [15].

RESULTS AND DISCUSSION

During the research, the technological value
of flax-straw was determined when processing
18 varieties of domestic selection and 12 va-

rieties of foreign ones for fiber. The varieties
of Tomsk selection are Tomsky 16, Tomsky
17, Tomsky 18, Toast. The total fiber yield,
the yield and the number of long and short fi-
bers were determined in the course of control
developments for two groups of flax stands:
low-quality and high-quality, separately for
each batch of flax of a certain type. 6 vari-
eties were identified with the maximum and
minimum values for the total fiber output,
long fiber output, short fiber output, long fiber
number, and short fiber number according to
the average values of the traits. The data are
given in table 2, 3 (low-quality flax straw) and
table 4, 5 (high quality flax straw). The tables
show that both the best and the worst variet-
ies in terms of individual traits do not include
the same varieties. For example, the maximum
average value of the total fiber yield from low-
quality flax straw (see Table 2) was recorded
for the Alexandrite variety (30.3%), the long
fiber yield - for the Lenok variety (11.1%), the
short fiber - for the Diplomat variety ( 25%),
the number of the long fiber - in the Tomsky 16
variety (11.08 N), the short - in the Tverskoy
variety (4.0 N) (see Table 3). For the variet-
ies of Tomsk selection, the following pattern is
observed: with the maximum value of the out-
put of short fiber, Tomsky 18, the number of
the long fiber - Tomsky 16, with the minimum
value of the total yield of fiber - Tomsky 16,
the yield of long fiber - Tomsky 17, Tomsky
18 (see Table 2, 3). These varieties occupy an
intermediate position for the rest of the char-
acteristics. From the data presented in table
4, 5 (high-quality flax straw), it follows that
the best varieties in terms of total fiber yield
include varieties Tomsky 18 (33.2%), Toast
(32.2%), long fiber yield - Toast (13.1%),
short - Tomsk 18 (23.2%), short fiber num-
ber - Tomsk 18 (5.20 N). The worst varieties
in terms of total fibre yield (27.6%) and long
fibre yield were Tomsk 16 (16.9%) and short
fibre yield was Toast (17.4%).

*Order of the Ministry of Agriculture of the Russian Federation No. 23-r dated March 10th, 2016 “The procedure for
determining the standards for the conversion of flax straw and hemp into fiber” (As amended by the Decree of the Government of

the Russian Federation No. 450 dated 12.06. 2008). 7 p.

*The methodology for state variety testing of agricultural crops. Moscow: Kolos, 1985.263 p.
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Tao6xa. 2. Copra ITpHa-JA0NTYHIIA C MUHUMAJIbHBIM U MAaKCHMaJIbHBIM 3HAYCHUEM OOIIETO BBHIXOJIA,
BBIXOJIa JUTMHHOTO W KOPOTKOTO BOJIOKHA (HU3KOKAYEeCTBEHHAS JILHOTPECTA)
Table 2. Varieties of fiber flax with a minimum and maximum value of the total yield, the yield of long
and short fiber (low-quality flax straw)

Variety | Total fiber yield, % | Variety | Long fiber yield, % | Variety | Short fiber yield, %
Varieties with the highest trait value
Alexandrite 30,3 Lenok 11,1 Diplomat 25,0
Diplomat 29,7 Zaryanka 9,6 Tomsk 18 24.9
A93 29,5 Alexandrite 9.4 Sursky 23,5
Alpha 29,0 Leader 9,0 Elektra 23,4
Escalina 28.9 Grant 8,7 A 93 23,2
Grant 28,6 Alpha 8,6 Escalina 23,0
Tomsk varieties
Tomsk 16 22,7 4.0 18,8
Tomsk 17 26,5 3,6 22,9
Tomsk 18 27,6 2,7 24,9
Tost 27,1 6,2 20,8
Varieties with minimum trait values
Agatha 21,0 Elektra 2,7 Agatha 14,0
Caesar 21,1 Tomsk 18 2,7 Zaryanka 15,7
Susanna 22,4 Susanna 3,1 Caesar 16,8
Tomsk 16 22,7 Lira 3,4 Lenok 17,0
Lira 23,4 Sursky 3,6 Vasilek 18,0
Mogilevsky 2 23,7 Tomsk 17 3,6 Leader 18,7

Taoa. 3. CopTa JIbHA-AO0JTyHIIa C MUHUMAJIbHBIM U MAKCUMAJIbHBIM 3HAYCHUCM HOMEPA JJIMHHOI'O

1 KOPOTKOI'O BOJIOKHA (HI/I3KOKa‘lCCTBCHHa}I J'H:HOTpeCTa)

Table 3. Varieties of fiber flax with a minimum and maximum value of the long and short fiber number

(low-quality flax straw)

Variety | Long fiber number, N | Variety | Short fiber number, N
Varieties with the highest trait value
Tomsk 16 11,08 Tverskoy 4,00
Zaryanka 11,00 Aleksim 3,75
Alpha 11,00 Alpha 3,71
Lenok 10,80 Leader 3,50
Vasilek 10,70 Tost 3,42
Tost 10,67 Alexandrite 3,38
Tomsk varieties
Tomsk 16 11,08 3,00
Tomsk 17 10,24 3,00
Tomsk 18 10,08 3,00
Tost 10,67 3,42
Varieties with minimum trait values
Sursky 8,96 Praleska 2,00
Alexandrite 9,60 Universal 2,00
Leader 9,70 Susanna 2,25
Impulse 9,73 Mogilevsky 2 2,50
Grant 9,88 Escalina 2,50
Escalina 10,00 Caesar 2,50
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Tao6xa. 4. Copra ITpHa-JI0NTYHIIA C MUHUMAJIbHBIM U MAaKCHMaJIbHBIM 3HAYCHUEM OOIIETO BHIXOJIA,
BBIXOJIa JUTMHHOTO M KOPOTKOTO BOJIOKHA (BBICOKOKAYECTBEHHAS JILHOTPECTA)

Table 4. Varieties of fiber flax with a minimum and maximum value of the total yield, the yield of long
and short fiber (high-quality flax straw)

Variety | Total fiber yield, % | Variety | Long fiber yield, % | Variety | Short fiber yield, %
Varieties with the highest trait value
Alpha 33,6 Lira 15,3 Praleska 26,0
Tverskoy 33,3 Alpha 14,5 Elektra 25,5
Tomsk 18 33,2 Alexandrite 13,6 Veralin 23,2
Veralin 33,2 Lenok 13,2 Tomsk 18 23,2
Praleska 33,1 Tost 13,1 A 93 22,6
Tost 32,2 Sursky 12,6 Impulse 22.3
Tomsk varieties
Tomsk 16 27,1 6,9 20,4
Tomsk 17 31,0 11,2 19,8
Tomsk 18 33,2 9,9 23,2
Tost 32,2 13,1 17,2
Varieties with minimum trait values
Aleksim 25,3 Elektra 6,3 Susanna 14,4
Susanna 25,5 Tomsk 16 6,9 Aleksim 15,2
Tomsk 16 27,1 Praleska 7,1 Lira 16,1
Smolich 28,2 Sofia 7,7 Tost 17,2
Dashkovsky 28,4 Dashkovsky 8,2 Lenok 17,4
Mogilevsky 2 28,6 Smolich 8,3 Zaryanka 17,6

Taoa. 5. Copra n1pHa-ZONTYHIIA C MUHIMaJIbHBIM U MAaKCUMaJIbHBIM 3HAYEeHHEM HOMEpa JITMHHOTO
1 KOPOTKOT'O BOJIOKHA (BBICOKOKAUECTBEHHAs! JILHOTPECTA)

Table. 5. Varieties of fiber flax with a minimum and maximum value of the long and short fiber
number (high-quality flax straw)

Variety | Long fiber number, N | Variety | Short fiber number, N
Varieties with the highest trait value
Alpha 12,10 Tomsk 18 5,20
Zaryanka 11,95 Tverskoy 4,00
Leader 11,60 Zaryanka 4,00
Dashkovsky 11,52 Leader 4,00
Aleksim 11,48 Impulse 4,00
Agatha 11,47 Veralin 4,00
Tomsk varieties
Tomsk 16 11,23 3,20
Tomsk 17 11,02 3,40
Tomsk 18 10,06 5,20
Tost 10,66 3,54
Varieties with minimum trait values
Grant 10,00 Praleska 2,07
Veralin 10,04 Universal 2,80
Tomsk 18 10,06 Mogilevsky 2 2,84
Sofia 10,46 Grant 2,84
Sursky 10,50 Sofia 3,00
Alexandrite 10,50 Diplomat 3,11
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The results of the analysis were obtained by
conditionally dividing flax straw by quality into
two groups: low-quality and high-quality. The
group of high-quality flax straw includes nine
numbers (1.00; 1.25; 1.50; 1.75; 2.00; 2.50;
3.00; 3.50; 4.00), a low-quality one consists of
only two numbers (0.50; 0.75). In this regard,
a more detailed differentiated analysis was car-
ried out with the determination of the average
index of the rating assessment of varieties ac-
cording to the indicated characteristics across
the entire rating scale GOST 24383-89 “Flax
straw. Requirements for harvesting" to clarify
the results. (see Fig. 1, 2).

35

In this case, the rating was understood as
the place (position) occupied by the variety for
each characteristic in terms of flax straw num-
bers, as well as for a complex of characteristics.
In this case, the maximum value of the trait was
assigned a rating of 1, the minimum value cor-
responded to a rating equal to the number of
studied varieties. The average rating index was
calculated as a weighted average, taking into
account the number of flax-straw batches rated
with a certain number.

Graphical analysis made it possible to dis-
tinguish the best varieties by a set of charac-
teristics (a + b + ¢ + d + e): for low-quality

Average rating index (position)

1 23456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Varicties

Puc. 1. Cpennuii HIEKC PEUTUHTOBON OIICHKH COPTOB JIbHA-IONTYHIA!

a — 001Ut BEIXOJ BOJIOKHA, %; O — BBIXOJ JITTMHHOTO BOJIOKHA, %; B — BEIXOJI KOPOTKOTO BOJIOKHA;

T — HOMEp [UTHHHOTO BOJIOKHA, N; 1 — HOMEp KOPOTKOTO BOJIOKHA, N;

a+0+B+Tr+ I — KOMIUICKC IPU3HAKOB (HM3KOKa4eCTBEHHAS JIFHOTPECTA).

Copra: 1 — Anekcum; 2 — Jlenok; 3 — 3apsiaka; 4 — TBepckoit; 5 — Anbda; 6 — Tomckuit 16; 7 — Tomcknit 17,
8 — Tomckwuii 18; 9 — Toct; 10 — JIunep; 11 — Ummynsce; 12 — Cmonuy; 13 — A 93; 14 — Tunmomar;

15 — Yuusepcan; 16 — Lesapsp; 17 — Cypckuii; 18 — Anexcanaput; 19 — Dckanuna; 20 — JlamkoBCKuit;

21 — Morunesckuii 2; 22 — Jlupa; 23 — Dnekrpa; 24 — Bepanun; 25 — Cro3ana; 26 — Codwusi; 27 — Bacuiiek;

28 — Arara; 29 — IIpanecka; 30 — I'pant

Fig. 1. Average rating index of fiber flax varieties by:

a — total fiber yield, %, 6 — long fiber yield, %, B — short fiber yield, %, r — long fiber number, N, 1 — short fiber
number, N; (a+0+B+r+1) complex of characteristics (low-quality flax straw)

Varieties: 1. Aleksim; 2. Lenok; 3. Zaryanka; 4. Tverskoy, 5. Alpha; 6. Tomsk 16; 7. Tomsk 17, 8. Tomsk 18, 9.
Tost; 10. Leader; 11. Impulse; 12. Smolich, 13. A93; 14. Diplomat; 15. Universal; 16. Caesar; 17. Sursky; 18.
Alexandrite; 19. Escalina; 20. Dashkovsky, 21. Mogilevsky 2; 22. Lira; 23. Elektra; 24. Veralin; 25. Susanna; 26.

Sofia; 27. Vasilek; 28. Agatha; 29. Praleska; 30. Grant
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Puc. 2. CpenHnii THIEKC PEUTHHTOBON OIICHKH COPTOB JIbHA-TONTYHIIA (BRICOKOKAUSCTBEHHAS TPECTA):

a— O6H11/II71 BBIXO/l BOJIOKHA, %; 0-— BBIXO JJIMHHOI'O BOJIOKHA, %; B — BBIXOJl KOPOTKOI'O BOJIOKHA, I' — HOMEP IJINH-
HOI'O BOJIOKHA, N; J — HOMCD KOPOTKOI'O BOJIOKHA, N; a+t0+B+r+ J — KOMIUICKC IPU3HAKOB (BBICOKOKa‘ICCTBeH-

Hast JpHOTpecTa). O003HaYEeHHE COPTOB CM. Ha pHC. 1

Fig. 2. Average rating index of fiber flax varieties (high-quality flax) by:
a — total fiber yield, %, 6 — long fiber yield, %, B — short fiber yield, %,
r — long fiber number, N, 1 — short fiber number, N; (a+0+B+r+1) complex of characteristics (high-quality flax),

names of the varieties see fig.1

flax - Alfa, A 93, Toast, Lenok, Aleksandrite,
Tverskoy with an average rating index of 6.1,
respectively; 8.2; 9.8; 10.2; 10.3; 10.5 posi-
tions. Average rating index for high-quality flax
of the best varieties: Alpha - 3.4, Tverskoy -
4.7, Leader - 8.5, Impulse - 8.8, Veralin - 9.0, A
93 - 9.4 positions.

Among the varieties of the Tomsk school of
selection by a complex of characteristics, the
variety Toast (average index - 9.8 positions)
(low-quality flax straw) stood out. Varieties
Tomsky 18, Tomsky 17, Toast (high-quality
flax straw) (average index 10.6, 10.0, 11.6 posi-
tions) were only slightly inferior in this indica-
tor to the best varieties.

An equally important issue in determining
the significance of a variety in the processing of
flax is not only the obtained actual values of the
yield and quality of fiber, but also the disclo-
sure of the potential of the variety, established

during the State Variety Test, for these charac-
teristics in the practice of flax processing en-
terprises. The results of flax-straw processing
in terms of the total yield and the yield of long
fiber obtained under production conditions, as
a percentage in relation to the data of the State
Variety Test, taken as 100% are presented in
fig. 3 (low quality flax seed) and fig. 4 (high-
quality). It can be seen from the figures that the
level of realization of the potential possibilities
of varieties, especially in terms of the yield of
long fiber, is clearly insufficient, for low-quali-
ty flax straw it is lower than for the high-quality
flax straw.

Statistical processing of the data confirmed
the significance of the differences between the
data of the State Variety Test and the results of
processing flax straw in production conditions
at a 5% significance level. According to the to-
tal fiber yield from low-quality flax-straw, the
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Puc. 3. YpoBeHb peanu3aiuy MoTeHIMala COPTOB JIbHA-IOJTYHIA 10 00IeMY BBIXOY BOJOKHA U
BBIXOTY IJTMHHOTO BOJIOKHA M3 HU3KOKAUYECTBEHHOMN JIBHOTPECTHI, % K TaHHBIM [ 0CCOPTOUCTIHITAHUSI.
Copra: 1 — 3apsnka; 2. Teepckoit; 3 — Tomckuit 16; 4 — Tomcknit 17; 5 — Tomexuii 18; 6 — Toct; 7 — Mmmynsc;

8 — I[Ipanecka; 9 — Cmommy; 10 — Bacuek; 11 — Anexcnm; 12 — JleHok; 13 — A 93; 14 — JlamkoBckwit; 15 — Moru-
neBckwii 2; 16 — ututomar; 17 — Yausepcair; 18 — Anexcaunput; 19 — Lesaps; 20 — I'pant; 21 — Cypckuit

Fig. 3. The level of implementation of the potential of fiber flax varieties by total fiber yield and long
fiber yield from low-quality flax straw, % of the data of the State variety testing

1. Zaryanka; 2. Tverskoy; 3. Tomsk 16; 4. Tomsk 17; 5. Tomsk 18; 6. Tost; 7. Impulse; 8. Praleska; 9. Smolich; 10.
Vasilek; 11. Aleksim; 12. Lenok; 13. A 93; 14. Dashkovsky; 15. Mogilevsky 2; 16. Diplomat; 17. Universal; 18.
Alexandrite; 19. Caesar; 20. Grant; 21. Sursky
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Puc. 4. YpoBeHb peann3aluy MOTEHIIMAIa COPTOB JIbHA-JIOITYHIIA 10 00IIeMY BBIXOly BOJIOKHA H BBIXO-
Iy JUTMHHOTO BOJIOKHA M3 BHICOKOKAYE€CTBEHHOM JILHOTPECTHI, % K MaHHBIM [ occoproucnbitanug. O6o-
3HaYEHUE COPTOB CM. Ha puc. 3

Fig. 4. The level of implementation of the potential of fiber flax varieties by total fiber yield and long fiber
yield from high-quality flax straw, % of the data of the State variety testing (names of varieties see fig. 3)
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error of the mean difference (Sd) was 0.88%,
the Student's coefficient t f = 7.16> t t = 2.05;
from high quality - Sd =0.90, t f=4.22>tt=
2.05, respectively. As for the long fiber yield,
the significance of the differences is much
higher: Sd =1.25,t f=15.80>t t = 2.05 (low-
quality flax tree); Sd = 1.20,t f=13.40>tt =
2.05 (high quality).

The level of realization of the biological
potential of varieties of the Tomsk school of
breeding is as follows: from low-quality flax-
tree in the total fiber yield Tomsky 16 - 65.2%,
Tomsky 17 - 80.1, Tomsky 18 - 83.3, Toast -
73.8%, from high quality - 77 , 7; 98.0; 97.0;
94.2% respectively; for the yield of long fiber
for the same varieties and quality of flax - 17.6;
16.2; 11.4; 31.4%; 30.5; 48.3; 40.1; 52.2% re-
spectively.

It is obvious that the existing reserve in in-
creasing the efficiency of using the potential
capabilities of varieties consists in improving
the quality of flax raw materials, technical re-
equipment of the industry, improving the orga-
nization of labor both in the production of fiber
flax and in the processing of fiber products.

CONCLUSIONS

1. The importance of flax varieties of the
Tomsk school of breeding was confirmed in
terms of obtaining various numbers of high
fiber yield (long and short), characterized by
good quality, during the processing of flax
straw.

2. Variety Tomsky 18 belongs to the group
of varieties with the maximum value of short fi-
ber yield from low quality flax (24.9%), total fi-
ber yield (33.2%)), yield (23.2%) and short fiber
number (5.2 N) from high quality flax straw.
Tomsky 16 is one of the best in terms of long
fiber number (11.08 N) (low quality flax straw),
Toast has a maximum value in total fiber yield
(32.2%), long fiber yield (13.1%) (high quality
flax straw), as well as by the number of short
fiber (3.42 N) and a complex of features (aver-
age rating index 9.8 positions) (low-quality flax
straw).

3. The potential possibilities of the varieties
of the Tomsk School of Breeding in terms of
the total fiber yield are realized in production
conditions by 65.2-83.3%, by the yield of long

fiber by 17.6-31.4% (flax straw numbers 0.50—
0.75) and, accordingly by 77.7-94.2%; 30.5—
52.2% (flax straw number 1.00 and more).

4. With the rational organization of the pro-
cessing of flax raw materials with a simulta-
neous increase in its quality, a more complete
realization of the inherent biological potential
in the varieties of the Tomsk School of Breed-
ing in relation to obtaining the optimal amount
of fibrous products of the best quality can be
achieved.
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®OPMUPOBAHUE YPOXKAMHOCTHU COPTOB I'OJIO3EPHOI'O OBCA
IIPHU PA3JIMYHBIX YCJIOBUAX BO3JAEJBIBAHUSA

(<) 'UcaukoBa O.A., ' JlorunoBa A.O., ’Erymona E.A.

' Kemepo8cKutl Hay4HO-Ucci1e008amenbCKuil UHCMUmym cenbcko2o xozsicmea — gunuanr Cubupcrkozo
pedepanvrozo nayunozo yenmpa azpodouomexuonoeuu Poccuiickotl akademuu HayK

Kemeposckas obmacts, moc. HoBocTpoiika, Poccust

(X)) e-mail: isachkova2410@mail.ru

’Kysbacckas 20cy0apcmeennast ceibCKOX03SUCMBEHHAST AKAOEMUSL

Kemeposo, Poccust

[Ipencraiens! pe3ynbTaThl U3YUCHUS TTOKa3aTeNiel YpOXKaiHOCTH TOJI03EPHOTO OBCa TPH pas-
JUYHBIX CPOKaX IOCEeBa W HOpMax BbiceBa. MccmemoBanms mpoBeneHsl B 2016-2020 rr. B more-
BOM OTIBITE B yCinoBuUsX 3amagHoit Cubupu. M3ydeHsr 00pasiisl pa3HbIX TPYIIT CIIEIOCTH KYIIBTYPHI:
cpennepanHuii copt ['aBpoi u cpennecnensiii copt Odensi. Ha mpogomkuTeabHOCTh BereTaoH-
HOTO TIEpHO/Ia TOJI03EPHOTO OBCA OKA3all BIMSHUE METeoposiornueckue Gpakropsl. OTMeueHa TeH-
ACHIUSA YMCHBIICHUS HPOJOJIKUTCIBHOCTU MC)K(I)a?;HI)IX NEpHUOAOB U BETCTALIMOHHOIO II€projia B
IIEJIOM OT PaHHETo CpoKa Mmocesa k 6osee mo3nHemy Ha 4—10 gueii y copra ['aBpomr u Ha 8—10 qHeit
y copra Odens. YpoxxaitHOCTb y copra ['aBpoli 1pu paHHEM CpPOKe II0CeBa AOCTOBEPHO MPEBbIIIAA
AHAJOTMYHBIN [MOKa3aTesb NMNpU cpeiaHeM cpoke Ha 17,6% u npu nozgHem cpoke — Ha 19,0%, y co-
pra Odenss — Ha 10,9% u Ha 16,2% COOTBETCTBEHHO. YBEIHUCHHE YPOXKAHHOCTH PaHHETO CPOKa
[I0CEeBa CpeJHEPaHHEro copra ['aBpoIl OTHOCUTENBHO CPEIHETO M MO3HEr0 CPOKOB MOCEBa ONpe-
JISJISIIOCHh OoubIel KpymHOCThIO 3epHa (7 = 0,6929...0,9535 npu R = 0,5140). Y cpennecnenoro
copra OdeHs B ToJbl UCCIIEIOBAHHI HA BCEX BapHaHTax OoJblllee 3HAYCHUE UMEIIO YUCIIO MTPOTYK-
THUBHBIX CTeOMnel ¢ equuuItel wiomanu (7 = 0,7444...0,9054 npu R = 0,5140) u macca 1000 3epen
(r=0,5350...0,8297 mpu R = 0,5140). Hanbomnee ontuManpHas HOpMa BBICEBA TSI COPTOB TOJIO-
3epHOTO OBca — 5,0—6,0 MiH Bcxokux 3epen/ra. [Ipu naHHON HOpME OTMEYEHO HE MaKCHMaJbHOE
MIPOSIBIICHUE OTAECIBHBIX IOKa3aTesiel CTPYKTYPHBIX 2JIEMEHTOB YPOXKAHHOCTH, @ COBOKYITHOCTD X
CpEAHUX 3HAYEHUH.

Ki1ioueBble cjioBa: TOI03EPHBIH OBEC, YPOXKAHHOCTh, CPOK ITOCEBA, HOpMa BHICEBA

FORMATION OF PRODUCTIVITY OF NAKED OAT VARIETIES UNDER
DIFFERENT CULTIVATION CONDITIONS

(<) 'Isachkova O.A., 'Loginova A.O., *Egushova E.A.

!Kemerovo Research Institute of Agriculture — Branch of the Siberian Federal Scientific Centre of
Agro—BioTechnologies of the Russian Academy of Sciences

Novostroyka, Kemerovo Region, Russia

(X)) e-mail: isachkova2410@mail.ru

’Kuzbass State Agricultural Academy,

Kemerovo, Russia

The results of studying naked oat yield indicators depending on different sowing dates and
seeding rates are presented. The study was carried out in 2016—2020 in a field experiment in Western
Siberia. Samples of different groups of the crop ripeness were studied: mid-early variety Gavrosh
and mid-ripening variety Ofenya. The duration of the growing season of naked oats was influenced
by meteorological factors. There was a tendency observed for a decrease in the duration of interphase
periods and the growing season as a whole from an early sowing date to a later one by 4-10 days
for the Gavrosh variety and by 8-10 days for the Ofenya variety. The yield of the Gavrosh variety at
an early sowing period significantly exceeded the same indicator at a mid-period by 17.6% and at a
late period — by 19.0%, of the Ofenya variety — by 10.9% and 16.2%, respectively. The increase in
the yield for the early sowing period of the mid-early variety Gavrosh relative to the middle and late
sowing dates was determined by a larger grain size (r =0.6929 ... 0.9535 at R = 0.5140). For the mid-
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ripening variety Ofenya, the number of productive stems per unit area (r = 0.7444 ... 0.9054 with R =

0.5140) and the weight of 1000 grains (r = 0.5350 ... 0.8297 at R = 0.5140) were of more importance

in the years of research on all variants. The most optimal seeding rate for naked oat varieties is 5.0—

6.0 million germinating grains/ha. At this rate, it was not the maximum manifestation of individual

indicators of the yield structural elements, but a combination of their average values was noted.
Keywords: naked oats, yield, sowing time, seeding rate
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INTRODUCTION

At present, the Russian Federation is the
world's largest producer of oats. The world
harvest of oats in Russia is 22%, in Canada - 14,
in the USA - 7, in Poland - 6, in Australia - 5%.
In terms of production, oats ranks seventh in
the world, bending to corn, rice, wheat, barley,
sorghum and millet. In Russia, the cultivation
of oats is on the fourth place (3.0%) after wheat
(36.8%), barley (10.7%) and corn for grain
(3.6%) (according to Rosstat data as of 2020").
At the same time, there is a downward trend
in the gross harvest of this crop; in 2015 it
amounted to 4.3% of the total gross harvest, in
2020 - 3.1%.

The Kemerovo region (Kuzbass) produces
11 thousand tons of seeds of spring oats of
Siberian breeding varieties, including 6.8
thousand tons of seeds of varieties selected
by the Kemerovo Research Institute of
Agriculture - a branch of the SFSCA RAS, of
which - 1.1 thousand tons of naked oats.

The naked forms of oats are the most
valuable of cereals in terms of the biochemical
composition of the grain, which determines
its dietary and therapeutic and prophylactic
properties. This makes it possible to use them
in the development of products for children,
functional and specialized purposes [1]. Naked
oats are a unique crop in its properties. The

grain of naked oats contains a large amount of
proteins (up to 18-20%), oils (up to 8-12%),
water-soluble polysaccharides of beta-glucans
(up to 6-8%). Also, naked oats are rich in micro
and macro elements (potassium, magnesium,
calcium, silicon, phosphorus, sodium, etc.).
In terms of the content of vitamins of group
A, B, E, K, naked forms of oats demonstrate
the highest rates. Oats are the only cereal
containing globulins or avenins with a mass
fraction of 80% of the total protein. Globulins
are water-soluble, so that oats can be converted
into a milky liquid. The proteins of naked oats
are characterized by an increased content of
arginine and an essential acid, lysine, which is
almost 2 times higher in comparison with other
cereals, including chalky oats [2—7].

The potential of the naked grain of oats,
determined by such indicators as hoodness
(0.5-0.9%), kernel content (99.1-99.5%),
indicates the possibility of processing such oats
for food production. The high proportion of
the kernel in comparison with the grain of the
scarious varieties and the uniformity make it
possible to determine a potentially higher yield
of finished products at correspondingly lower
production costs [8—10].

Naked oat varieties are more demanding in
terms of growing conditions than the scarious
oats, which is due to their morphological

'Federal State Statistics Service. Agriculture, hunting and forestry URL: https: // rosstat. gov.ru/enterprise_economy (date of

access 04/27/2021).
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and biological characteristics. Technological
methods of cultivation allow regulating the
water and temperature conditions [11, 12].

An essential place in a number of
technological methods of cultivation is
occupied by the correct choice of the seeding
rate and sowing time. The seed application
rate determines the density of plants, the
provision of agrophytocenosis with nutrients,
moisture and light, its productive properties,
the yield of conditioned seeds and their sowing
qualities [13]. The creation of an optimal crop
density is determined by the following factors:
biological (potential productivity, bushiness,
lodging resistance), agrotechnical (fertilization,
predecessors, terms and methods of sowing),
natural (natural soil fertility, physical soil
properties, field relief), economic (weediness
of fields, the purpose of crops - for grain, hay,
green mass), agrometeorological (provision
with light, heat, moisture during the growing
season, depending on the changing needs of
plants in ontogenesis) [14].

The choice of the sowing time is an
important technological indicator, which is
largely influenced by the weather conditions.
It significantly changes the conditions of
germination and growth of spring oats at all
stages of the growing season and the formation
of the yield of agricultural crops [15, 16].

The aim of the research is to study the
indicators of productivity of naked oats varieties
under different cultivation conditions.

MATERIAL AND METHODS

The studies were carried out in the northern
forest-steppe of the Kemerovo region on the
experimental field of the Kemerovo Research
Institute of Agriculture - a branch of the Siberian
Federal Scientific Center of Agrobiotechnology
ofthe Russian Academy of Sciences (Kemerovo
Research Institute of Agriculture - a branch of
the SFSCA RAS) in 2016-2020. The objects
of research were the naked oats varieties: the
mid-early variety Gavrosh and the mid-season

variety Ofenya. The research conditions were
unstable both over the years and within the
same growing season. So, 2016 and 2017 were
characterized as arid (HC May - August =
0.9 and 1.0), 2018 and 2020 - excessively
humidified (HC May - August = 1.6 and 1.4),
2019 - sufficiently moisture supplied, with
an optimal temperature regime (HC May -
August = 1.2), which influenced the formation
of the harvest of naked oats.

The predecessor was pure fallow. Sowing
was carried out on three dates: the first was
at the onset of physical maturity of the soil
(27.04-14.05), the subsequent dates were sown
at 8-10-day intervals (9-21.05 and 21-28.05).
The following seeding rates were studied
for each date: 4.0; 4.5; 5.0; 5.5; 6.0 million
germinated grains/ha. Sowing was carried out
with a SN-10C seeder on a plot area of 10 m?
in quadruple replications. The plot arrangement
was randomized. Records, observations,
statistical processing of data were performed in
accordance with the approved guidelines®*.

RESULTS AND DISCUSSIONS

During the study of naked oats varieties,
the differences in the duration of the passage
of ontogenetic phases from weather conditions
were noted. A tendency was noted for a decrease
in the duration of both interphase periods and
the entire growing season as a whole from an
early sowing date to a later one by 4-10 days
in the Gavrosh variety and by 8-10 days in the
Ofenya variety. On average, over the years of
research, the duration of the growing season
of the medium-early variety Gavrosh at early
sowing dates was 86 days, at average - 83 days,
at later - 78 days. The duration of the growing
season of the mid-ripening variety Ofenya at
different sowing dates was 93, 88 and 83 days,
respectively.

Of no small importance in the structure of
the growing season is the time of emergence
of seedlings, i.e. the number of days from the
moment of sowing the seeds to the emergence

*Methodology for state variety testing of agricultural crops. M., 1985.270 p.
‘Dospekhov B.L. Field experiment technique. M.: Agropromizdat, 1985.352 p.

4Sorokin O.D. Applied statistics on the computer. Krasnoobsk: GUP RPO SO RASKhN, 2004.162 p.
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of seedlings. It affects the further growth and
development of plants and largely depends
on the meteorological conditions during this
period. The time of emergence of seedlings
had a greater influence on the plant height (r =
—0.7123 ... —0.8004 at R = 0.5140), panicle
length (r =—0.6980... —0.7365 at R = 0.5140),
the number of flowers ina panicle (r=-0.6507...
—0.8408 at R = 0.5140). With early sowing
dates, the duration of the sowing - sprouting
period for the Gavrosh variety averaged 13
days, for the Ofenya variety - 15 days. In the
middle and late stages, with an increase in air
temperature and humidity, the period of seed
germination was reduced to 12-10 days in
the Gavrosh variety, and to 14-13 days in the
Ofenya variety. When analyzing the obtained
experimental data, the influence of the duration
of the germination time on the formation of the
yield of varieties (r =—0.8798 ... -0.9982 at R =
0.5140) was noted, therefore, when calculating
the duration of the entire growing season as a
whole, it is necessary to take into account the
value of this subperiod.

The change in the duration of the growing
season was more influenced by the interphase
period of seedlings - peeling (r = 0.8255 ...
0.9875 at R = 0.5140), the value of which
averaged 42 days in the Gavrosh variety at
early sowing, with an average of 39 , with a
late one - 38 days, with the Ofenya variety - 46,
44 and 39 days, respectively. The determining
criterion was the nature of soil moisture during
this period (r = 0.6934 ... 0.9795 at R = 0.5140)
in order to pass this period.

The duration of the interphase period
between flowering and ripening in the variants
differed slightly and was 44-40 days in the
Gavrosh variety and 47-44 days in the Ofenya
variety.

The highest yields of the studied varieties
Gavrosh and Ofenya were formed in 2019.
(2.89 and 3.07 t/ha) under optimum moisture
conditions (GTC = 1.2). The minimum yield
was obtained in the drought year 2017. (GTC =
1.0) - 1.50 and 1.70 t/ha, respectively.

In the mid-early variety Gavrosh the
advantage of early sowing dates with an
average yield of 2.73 t / ha was noted, while

with an average period it was 2.25 t / ha, with
a late one - 2.21 t / ha. At the same time, for all
sowing terms, the best results were obtained at
increased seeding rates of 5.0 and 6.0 million
germinating grains / ha (see Table 1).

In the mid-ripening variety Ofenya, with an
early sowing period, the yield was 3.03 t / ha,
with an average - 2.70, with a late sowing -
2.54 t / ha. A higher yield of this variety was
formed at a seeding rate of 5.5 and 6.0 million
germinating grains / ha at all sowing dates (see
Table 2). On average, according to experience,
the yield of the Ofenya variety exceeded the
productivity of the Gavrosh variety by 15%.

On average, over the years of research, a
significant advantage of early sowing dates
was noted: by 17.6% to the average date and by
19.0% to the late date in the Gavrosh variety;
by 10.9% by the average term and by 16.2% by
the late term in the Ofenya variety.

The excess yield of the early sowing period
of the medium early variety Gavrosh was
determined by the larger grain size (r=0.6929 ...
0.9535 at R = 0.5140) relative to the average and
late sowing dates, especially in drier years. On
average, according to the experiment, the mass
of 1000 grains in the Gavrosh variety at an early
period was 23.2 g, with an average - 22.6, with a
late one - 21.5 - 24.1 g (see Table 3).

At the same time, at an early and medium
term, a high yield was noted on variants with an
increased number of productive stems per unit
area (r=0.6437 ... 0.7899 at R = 0.5140), which
characterized variants with increased seeding
rates - 5.5 and 6.0 million germinating grains /
ha. However, high values of individual elements
of the yield structure, such as productive
tillering, the number of grains in the panicle,
and the mass of grain from the main panicle
were observed at low seeding rates - 4.0 and 4.5
million germinating grains / ha. The yield of the
variants of the late sowing period was formed
with average indicators of structural elements.

The number of productive stems per unit
area (r = 0.7444 ... 0.9054 at R = 0.5140) and
the mass of 1000 grains (r = 0.5350 ... 0, 8297
at R = 0.5140) was of the decisive importance
in the formation of the yield of the mid-ripening
variety Ofenya in the years of research on all the
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Ta6a. 1. YpoxaiftHOCTh roiozepHoro oBca ['aBporr, T/ra, 2016-2020 rT.
Table 1. Yield of naked oats Gavrosh, t/ha, 20162020

L. Seeding rate, million germinating grains / ha Average by
Sowing time Year of study 2.0 45 5.0 55 6.0 .
Early 2016 2,43 2,50 2,55 2,57 2,55 2,52
2017 1,41 1,37 1,37 1,29 1,51 1,39
2018 3,22 3,20 3,07 3,28 2,80 3,11
2019 4,27 4,20 4,27 4,09 4,14 4,19
2020 2,28 2,30 2,43 2,41 2,73 2,43
Average by
norm 2,72 2,71 2,74 2,73 2,75 2,73
Medium 2016 2,55 2,57 2,69 2,71 3,00 2,70
2017 1,54 1,30 1,29 1,41 1,30 1,37
2018 2,61 2,45 2,58 2,44 2,26 2,51
2019 2,60 2,44 2,49 2,54 2,52 2,52
2020 1,99 2,07 2,13 2,36 2,27 2,16
Average by
norm 2,26 2,17 2,24 2,29 2,27 2,25
Late 2016 2,50 2,40 2,40 2,47 2,76 2,51
2017 1,54 1,66 1,76 1,80 1,67 1,69
2018 2,45 2,16 2,65 2,66 2,34 2,45
2019 1,87 1,94 2,03 2,00 2,00 1,97
2020 2,24 2,50 2,35 2,42 2,65 2,43
Average by
norm 2,12 2,13 2,24 2,27 2,28 2,21

Note. LSD 0.5 factor A (year) = 0.08; factor B (grade) = 0.04; factor C (sowing time) = 0.05; factor D (seeding rate) = 0.07.

Ta6a. 2. YpoxaitHOCTh ronozepHoro oBca Odens, t/ra, 2016-2020 rr.
Table 2. Yield of naked oats Ofenya, t/ha, 2016-2020

Sowing time Year of study Seeding rate, million germinating grains / ha Average by
40 45 5.0 5.5 6.0 term
Early 2016 3,24 3,26 3,45 3,40 3,55 3,38
2017 1,71 1,68 1,88 1,83 1,77 1,77
2018 3,60 3,74 3,61 3,62 3,93 3,70
2019 3,56 3,37 3,60 3,69 3,43 3,53
2020 2,39 2,84 2,78 2,86 3,05 2,78
Average by
norm 2,90 2,98 3,06 3,08 3,15 3,03
Medium 2016 3,12 3,22 3,60 3,50 3,67 3,42
2017 1,61 1,69 1,83 1,67 1,63 1,69
2018 2,71 2,82 3,09 2,88 2,57 2,81
2019 2,92 3,15 3,17 3,22 3,21 3,13
2020 2,46 2,34 2,62 2,39 2,52 2,47
Average by
norm 2,56 2,64 2,86 2,73 2,72 2,70
Late 2016 3,22 3,07 3,00 3,12 3,31 3,14
2017 1,62 1,90 1,73 1,74 1,66 1,73
2018 2,33 2,21 2,37 2,21 2,56 2,33
2019 2,37 2,64 2,34 2,71 2,66 2,54
2020 2,63 3,06 3,18 2,98 3,04 2,98
Average by
norm 2,43 2,58 2,52 2,55 2,65 2,54

Note. LSD 0.5 factor A (year) = 0.09; factor B (grade) = 0.04; factor C (sowing time) = 0.07; factor D (seeding rate) = 0.09.
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Ta6a. 3. Arpobuonorndeckas xapakTepHCTHKA ToJI03epHOTO oBca copTa ['aBpomr, 2016-2020 rT.
Table 3. Agrobiological characteristics of naked oats of the Gavrosh variety, 2016-2020

Sowi Seed@n.g rate, Number. of Productive Tlll)i:? grfn i Grain weight Weight Natural
owing ml!llor} productive bushi L Spllttmg of fr(?m thg £1000 (oht
time germinating stems, USness, graims in filmy grains, % | main pani- ot weignt,

erains / ha pes / m? pcs. a panicle, cle, g grains, g g/l

pcs.

Early 4,0 344 1,8 40,8 2,2 0,89 23,1 626

4,5 374 1,8 36,3 2,3 0,80 23,1 628

5,0 380 1,7 34,8 2,4 0,76 234 627

5,5 372 1,5 29,7 2,2 0,69 23,2 628

6,0 392 1,5 32,9 2,3 0,73 23,1 621

Average 372 1,7 34,9 2,3 0,77 23,2 626

Me- 4,0 344 1,9 43,6 2,8 0,96 22,6 609

dium 4,5 329 1,9 41,7 2,9 0,91 22,7 607

5,0 353 1,9 37,7 2,5 0,86 22,4 618

5,5 413 1,9 32,7 2,6 0,72 22,5 608

6,0 411 1,8 34,2 2,9 0,72 22,6 617

Average 370 1,9 38,0 2,7 0,83 22,6 612

Late 4,0 392 2,0 40,5 1,3 0,88 21,3 597

4,5 404 2,0 41,0 1,6 0,86 22,0 594

5,0 391 1,8 40,0 1,5 0,84 21,6 603

5,5 398 1,8 34,0 1,7 0,71 21,4 597

6,0 403 1,6 343 1,7 0,73 21,2 594

Average 398 1,8 38,0 1,6 0,80 21,5 597

variants. Thus, a greater number of productive
stems was noted at early sowing dates of 334
pcs / m?, with medium and late dates - 302 and
312 pes / m?, respectively. The weight of 1000
seeds in terms of sowing time was 27.7; 26.5
and 24.6 g (see Table 4).

Thebestindicators of structural elements in the
Ofenya variety were also noted at seeding rates
of 4.0 and 4.5 million germinating grains / ha. At
the same time, a high yield on options 5.5 and 6.0
million germinating grains / ha was formed with
a combination of average values of structural
elements.

Taba. 4. ArpobOnomorndueckasi XapakTepHUCTHKA TOJ03epHOT0 oBca copra Odens, 2016-2020 rr.
Table 4. Agrobiological characteristics of naked oats of the Ofenya variety, 2016-2020

Sowing | tseig:ﬁlg N Number of | Productive | The number | Splitting of | Grain weight | Weight of | Natural

?i‘:lll gl rer’ninatir(i productive bushiness, | of grainsina | filmy grains, |from the main| 1000 grains, | weight,
¢ ggrains / hag stems, pcs / m? pcs. panicle, pcs. % panicle, g g g/l
Early 4,0 274 1,8 45,7 4,7 1,38 27,7 605
4,5 314 1,8 44,9 5,1 1,21 27,8 611
5,0 342 1,9 40,8 4,6 1,22 27,6 612
5,5 382 1,8 41,2 5,8 1,14 27,7 607
6,0 357 1,8 41,8 6,0 1,11 27,5 603
Average 334 1,8 42,9 5,3 1,21 27,7 608
Me- 4,0 292 1,6 41,1 3,1 1,12 26,6 605
dium 4,5 289 1,6 40,6 3,0 1,10 26,5 598
5,0 327 1,9 34,7 3,1 0,96 26,5 604
5,5 337 1,7 37,2 3.8 0,97 26,9 606
6,0 302 1,6 36,2 4,1 0,95 25,2 600
Average 309 1,7 38,0 34 1,02 26,5 603
Late 4,0 273 1,7 46,4 1,4 1,09 243 567
4,5 327 1,8 44,6 1,5 1,02 243 569
5,0 308 1,7 45,2 1,3 1,04 24,7 572
5,5 327 1,7 40,2 1,3 0,95 25,0 574
6,0 327 1,6 43,8 1,7 1,01 24,8 571
Average 312 1,7 44,0 1,4 1,02 24,6 571
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Different variants of the experiment also
influenced the plumpness and density of the
grain of naked oats, which are characterized by
the full-scale weight of the grain. This indicator
was influenced by the conditions of moisture
supply during the tillering period — forming
into a tube (r=10.7344 ... 0.8147 at R = 0.5140)
and ripening (r = 0.6004 ... 0.6442 at R =
0.5140). There was a tendency to decrease the
natural weight from early to late sowing in both
varieties. A plump caryopsis of a higher quality
was observed in the varieties Gavrosh and
Ofenya on the variants of 5.0 and 5.5 million
germinating grains / ha: 603—628 and 574—606
g /1, respectively.

CONCLUSION

As a result of a long-term study of naked
oat varieties Gavrosh and Ofenya under
various cultivation conditions elements of
varietal technology have been identified that
ensure high productivity of varieties in Western
Siberia. The advantage of sowing naked oats in
the early stages was noted, the yield exceeded
by later sowing dates in the mid-early variety
Gavrosh is 17-19%, in the mid-ripening variety
Ofenya - 11-16%. The most optimal seeding
rate for naked oat varieties is 5.0—6.0 million
germinating grains / ha.
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MPOAYKTUBHOCTH 3EMJISSHUKH CAZIOBOM U CEJIEKIITUOHHBIE
BO3MOKHOCTHU EE NIOBBILIEHUSA

(<) Mapuenxo JI.A.

Dedepanbhblil HAYUHbBII CENeKYUOHHO-MEXHONOSULECKULL YEHM]P
€ca00600Ccmea U NUMOMHUKOBOOCMEA

Mocxksa, Poccus

(<) e-mail: Lamarch@yandex.ru

Ha ocHoBe uTepaTypHbIX HCTOYHUKOB 00OOIICHBI CBEJCHUS O MIPU3HAKE TPOJAYKTUBHOCTH 3E€M-
JISTHUKY CafoBo# Fragaria % ananassa (Duchesne ex Weston) Duchesne ex Rozier. [Ipu3snak mpo-
JYKTUBHOCTH HMMEET CJIOXKHBIM MOJUIeHHBIH Xapakrep. HezaBucuMoe HaciieOBaHHE OTICIbHBIX
KOMIIOHEHTOB TIPOJYKTHBHOCTH TIO3BOJISIET MOJCIMPOBATh ONTUMAILHOE MX COYETAHHE B HOBOM
copre. B ocHOBe co31aHUsT BEICOKOTPOAYKTHBHBIX COPTOB 3EMJISIHUKU CAJIOBOM JIC)KUT BHYTPHBH-
JIOBasi THOpUIM3AIIMsS. YCTaHOBIICHHAS TIOJIOKUTEIBbHAS KOPPEISIUS MEXK/Yy Pa3MEpOM SITOJ ¥ YPO-
JKAeM CBHJICTEIICTBYET O BO3MOXKHOCTH TIOBBIIICHUS IPOyKTHBHOCTH COPTOB IIyTEM UCIIOJIb30Ba-
HUS KPYITHOIUIOAHBIX (hopM B cenekinu. Ha coBpeMeHHOM 3Tarie B pa3InyHbIX 30HaX CaJ0BOJCTRA
HCCIIEIOBATEIN BEIICIAIOT KPYITHOIIOMHBIC COPTa OTEUECTBEHHOM ceekuuu: ‘Atmac’, ‘beperuns’,
‘Butsasp’, ‘I'penana’, ‘3abemunckas’, ‘Kemms’, ‘Hame ITommockoBre’, ‘Hemmm’, ‘IlepBokitaccHU-
na’, ‘Pycuw’, ‘Conneunas Ilonsnka’, ‘ConoBymika’, ‘@ectuBanbHasi Pomamika’, ‘@pykroBas’,
‘Hapuma’, ‘SInonka’, u 3apyoexHou cenekmuu: ‘Alba’, ‘Asia’, ‘Elsanta’, ‘Finesse’, ‘Florense’,
“Vivaldi’, ‘Galia’, ‘Jive’, ‘Joly’, ‘M. Champion’, ‘Merced’, ‘Murano’, ‘Onda’, ‘Roxana’, ‘Rumba’,
‘Tarda Vicoda’, ‘Vima Kimberly’, ‘Vima Tarda’, ‘Vima Rina’, ‘Vima Xima’. OTmMe4eHa BO3MOXK-
HOCTh JIOCTHOKCHHS T€TEPO3UCHOr0 3(PpdeKTa 1Mo Nmpru3HaKy MPOIYKTUBHOCTH IPU HCIIOIb30BaHUU
MeTOo[a HHOPHIUHIA B CEIEKIMH. MEeTO TeHeTHUCCKUX MOTU(DHUKALIMA PACTCHHI UMEET OOJIBbIIOE
3HAUCHHE JJISI CENICKIMH CIOKHBIX KOJMYCCTBEHHBIX MPU3HAKOB MPOIYKTUBHOCTH, BKIIOUAIOIINX
ypokaliHOCTh. Pacimpenue reHeTnyeckoii 0a3bl 3eMIISTHUKHU CaJ{0BOM 3a CYET OKTOILIOUHBIX U TI0-
JUIUIOUTHBIX (DOPM JIMKUX BHJIOB 00SCIICUUT YBEIMYCHUE TPOAYKTUBHOCTH HOBBIX COPTOB OJ1aroia-
PS BKJIFOUCHHUIO B TEHOTHUIT ITPU3HAKOB aJalITUBHOCTH K OMOTHYECKUM U a0MOTHUECKUM (PaKTOPaM.
Hcnonp30BaHre COBPEMEHHBIX METOJIOB MCCJICI0BAHNN (CKPUHUHI METa00JIOMHOIO U OMOXHUMHYE-
ckoro npodwis, JTHK-nacnopruzanus, MOJIEKYIIpHOE MapKUPOBAHHUE) MOBBIIIAET OOBEKTHBHOCTh
HCCIeoBaHui U 3)(HEKTUBHOCTH CENEKIIMOHHOTO MpoIiecca.

KuaroueBbie ci10Ba: 3eMIISIHUKA, IPOJYYKTHBHOCTD, CEIICKIUS, IPU3HAK, COPT

PRODUCTIVITY OF GARDEN STRAWBERRY AND BREEDING POSSIBILITIES
TO IMPROVE IT

(<) Marchenko L.A.

Federal Horticultural Research Center for Breeding, Agrotechnology and Nursery
Moscow, Russia

(<D e-mail: Lamarch@yandex.ru

The information on the productivity trait of garden strawberry Fragaria x ananassa (Duchesne ex
Weston) Duchesne ex Rozier has been summarized on the basis of literary sources. The productivity
trait has a complex polygenic character. Independent inheritance of individual productivity
components allows modeling their optimal combination in a new variety. The creation of highly
productive varieties of strawberries is based on intraspecific hybridization. The established positive
correlation between the size of berries and the yield indicates the possibility of increasing the
productivity of varieties by using large-fruited forms in breeding. At present, in various zones
of horticulture, researchers distinguish large-fruited varieties of domestic breeding: °Atlas’,
‘Bereginya’, ‘Vityaz’, ‘Grenada’, ‘Zabelinskaya’, ‘Kemiya’, ‘Nashe Podmoscovie’, ‘Nelly’,
‘Pervoklassnitsa’, ‘Rusich’, ‘Solnechnaya Polyanka’, ‘Solovushka’, ‘Festivalnaya Romashka’,
‘Fruktovaya’, ‘Tsaritsa’, ‘Yaponka’, and foreign breeding: ‘Alba’, ‘Asia’, ‘Elsanta’, ‘Finesse’,
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Productivity of garden strawberry and breeding possibilities to
improve it

Marchenko L.A.

‘Florense’, ‘Vivaldi’, ‘Galia’, ‘Jive’, ‘Joly’, ‘M. Champion’, ‘Merced’, ‘Murano’, ‘Onda’, ‘Roxana’,
‘Rumba’, ‘Tarda Vicoda’, ‘Vima Kimberly’, ‘Vima Tarda’, ‘Vima Rina’, ‘Vima Xima’. It was noted
that when using the inbreeding method, it is possible to achieve a heterotic effect on the basis of the
productivity trait. The method of genetic modifications of plants is of great importance for breeding
of complex quantitative traits of productivity, including yield. Expansion of the genetic base of
garden strawberry by means of octoploid and polyploid forms of wild species will ensure an increase
in the productivity of new varieties due to the inclusion of traits of adaptability to biotic and abiotic
factors in the genotype. The use of modern research methods (screening of the metabolomic and
biochemical profile, DNA certification, molecular labeling) increases the objectivity of research and

the efficiency of the breeding process.

Keywords: strawberry, productivity, breeding, trait, variety
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Garden strawberry is the most widespread berry
crop in the world production. Its popularity is due
to the high economic efficiency of cultivation, con-
sumer demand, and the rich biochemical composi-
tion of fruits [1].

In 2019, 8.9 million tons of strawberries were
produced in the world. The production leaders are
China (3.21 million tons), the USA (1.02 million
tons), Mexico (0.86 million tons), Turkey (0.47 mil-
lion tons), Egypt (0.46 million tons). Russia ranks
seventh in the world rating of producers - 0.21 mil-
lion tonnes were produced in 2019'.

The profitability of cultivation of garden straw-
berries is determined by the ratio of many factors,
of which the most important at present is the yield
[2].

The yield of a variety depends on the productiv-
ity potential inherent in the genotype, as well as on
many external factors that affect its manifestation
and the possibility of implementation in specific
conditions [3, 4].

Increasing productivity in modern conditions is
one of the main tasks of all breeding programs, re-
gardless of the conditions of the zone for which the
variety is being developed [5, 6].

The purpose of the research is to summarize
information about the productivity trait in garden
strawberries on the basis of domestic and foreign
literary sources analysis to identify ways to increase
the priority trait at the present stage of breeding de-
velopment.

A sign of productivity, the components of produc-
tivity in garden strawberries. In biology productivity
refers to the amount of biomass produced per unit
of time?. Plant productivity in relation to agricultur-
al fruit crops is the yield per plant’. Ultimately, the
yield of the variety depends on the productivity - the
amount of products obtained from a unit of area. The
productivity of a plant is determined by its genotype
and environmental conditions that influence the dis-
closure of the potential of a particular plant, variety
[2, 3, 7]. The level of manifestation of the productiv-
ity trait in strawberry cultivars depends on the type of
fruiting (short daylight cultivars, fall-bearing types,
neutral day cultivars) and cultivation technologies
(controlled conditions, open ground) [8—12].

The following components of productivity are
distinguished in garden strawberry: the number of
horns (shortened annual shoots), the number of pe-
duncles, flowers, the number and weight of fruits

'FAO. FAOSTAT— Food and Agriculture Organization Corporate Statistical Database. [accessed May 13, 2021] URL: http: //

www.fao.org/faostat/en/#data/QC (accessed May 13, 2021).

Biological dictionary on-line //http://bioword.ru/B/B178.htm (accessed: 04/29/2021).
*Kudryavets R.P. Encyclopedic Dictionary of the Gardener / ed. I. M. Kulikov. Moscow: Ed. House of SMEs, 2007. 605 p.
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per plant** [13]. Moreover, the components are spe-
cific for each variety. The number of fruits per plant
and their average weight are of decisive importance
[14]. Currently, varieties that are capable of produc-
ing 500-600 g of berries and more per bush are con-
sidered highly productive [15, 16].

With an optimal combination of productivity
components, the number of flowers and ovaries on
one peduncle is of great importance. Among the
existing variety of the assortment, varieties with
a large, medium and small number of flowers and
ovaries on a peduncle stand out. Moreover, the more
flowers and ovaries on one peduncle, the less the
average weight of berries, as a rule. The number of
peduncles per bush more than 10 in the second year
of planting characterizes the variety as potentially
highly productive [17, 18]. A large number of pe-
duncles in strawberry plants can be caused both by
the formation of many peduncles on a small number
of horns, and by a large number of horns with sev-
eral peduncles on each [19].

In most strawberry varieties, the first berry is
much larger than the rest, which is a biological fea-
ture and is explained by the structure of the pedun-
cle [20]. Considering the independent nature of the
inheritance of individual components of productiv-
ity (the number of horns, the number of peduncles,
the number of flowers and ovaries, the weight of the
fruit), it is possible to identify donor forms of a high
level of these traits (both individually and in combi-
nation) and include them in the breeding process as
initial parent forms. In order to identify the optimal
combination of productivity components in a new
variety during the development of a breeding pro-
gram, a model of the future variety is theoretically
substantiated, which serves as the basis for subse-
quent selection in hybrid offspring® [21].

Selection of garden strawberry for high produc-
tivity. Among industrial berry crops, strawberry is
one of the youngest domesticated plants [22]. The
modern cultivated strawberry (Fragaria x ananassa)
is the result of an accidental hybridization between
Fragaria virginiana Mill. and Fragaria chiloensis
(L.) Mill. in the 18th century. [23]. Interest in straw-
berries as an agricultural crop increased with the de-

velopment of agricultural technologies, the process-
ing industry, and the identification of the nutritional
and dietary value of fruits. Professional researchers
replaced amateur breeders from the beginning of
the XX century. [24]. The high ecological plasticity
of garden strawberry plants contributed to the rapid
spread of the crop to various ecological-geographi-
cal zones and to the increased demand of producers
for high-yielding varieties.

The creation of highly productive varieties of
garden strawberry is based on the traditional meth-
od - intraspecific hybridization. The tasks of re-
search in the implementation of breeding programs
are to identify the mechanisms of inheritance of the
studied traits, to develop methods for accelerating
the breeding process and managing it. With the help
of modern research methods, including biochemi-
cal, metabolomic analysis, genetic screening, DNA
marking of traits, it was possible to significantly in-
crease the objectivity of the assessment of both the
initial material for selection and the resulting hybrid
populations. The use of statistical methods for data
analysis makes it possible to predict the breeding
process and increase its efficiency. Attracting large-
fruited varieties in the breeding process is the most
frequently used method of increasing productivity
in strawberries. The established positive correlation
between the size of berries and productivity in gar-
den strawberries indicates the possibility of breed-
ing for high productivity by using large-fruited
forms [25]. It is effective to cross large-fruited va-
rieties with each other to increase large-fruitedness
[26, 27]. Large-fruited varieties include varieties
with an average berry weight of 9-12 g or more’.
In the studies of V.I. Lapshin and V.V. Yakovenko
[28], studying the coefficients of heritability h2 of
the large-fruited trait for parental strawberry variet-
ies, a high relationship between genotype and phe-
notype in the variability of the trait and pronounced
additive genetic effects was established.

Such method of breeding for high productivity
is inbreeding. However, this method has not found
wide application due to the length and complexity
of the process. At the same time, positive results
were obtained - a heterotic effect was achieved in

*Zubov A.A. Genetic characteristics and selection of strawberries (guidelines). Michurinsk, 1990.81 p.

SA.A. Zubov, LV. Popova Strawberry breeding. Program and methodology for breeding fruit, berry and nut crops / under the
general editorship of E.N. Sedova. Oryol: VNIISPK; 1995.S. 387-416.

*Gorelikova O.A. Improvement of the assortment of garden strawberries for intensive cultivation technologies in the Krasnodar
Territory: PhD in agriculture. Krasnodar: FGBNU SKZNIISVV; 2017.

’Shokaeva D.B., Zubov A.A. Wild strawberries, garden strawberries, zemklunika. Program and methodology for the variety study
of fruit, berry and nut crops / under the general editorship of. E.N. Sedova, T.P. Ogoltsova. Oryol: VNIISPK, 1999.S. 417-443.
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terms of productivity when crossing inbred seed-
lings (see footnote 4).

The rate of creation of new varieties of straw-
berries is quite high. Currently, there are about 15
thousand varieties, lines and forms in the world®. A
comprehensive study of the genetic resources of the
species Fragaria x ananassa has led to the fact that
in recent years breeders have paid attention to the
need to expand its genetic base [29]. In this regard,
distant hybridization is of particular importance.
Hybridization of pineapple strawberry varieties
with forms of other octoploid species has the great-
est effect [30].

At the present stage, instrumental research meth-
ods are widely integrated into selection. Molecular
markers are actively used to identify DNA polymor-
phism, genetic diversity, and population structure
of the germplasm set in Fragaria X ananassa [31].
Polygenic inheritance of economically valuable
traits in Fragaria x ananassa (2n = 56) complicates
the implementation of genetic control when plan-
ning breeding programs (see footnote 4). For selec-
tion based on characters with complex polygenic
control, the method of genomic selection is effec-
tive, eliminating the need for many years of genetic
research preceding the selection process [32].

Genetic modifications of plants, involving the
insertion of genes for the transfer of certain traits
that are not found in nature in a given species, are
used for selection for resistance to abiotic and biotic
factors. However, this technique currently has lim-
ited application for the selection of complex quan-
titative traits, which includes yield [33]. No high
yielding varieties have been created by molecular
methods alone [34].

The manifestation of potential productivity due
to the genotype of the variety is significantly influ-
enced by abiotic and biotic factors, technologies and
methods of growing crops. In this regard, standards
of high productivity are distinguished for various
production zones. According to domestic research-
ers, currently in the Krasnodar Territory the most
productive varieties are: ‘Nelly’ (1725.8 g / bush);
“Vivaldi’, ‘Rumba’, ‘Joly’, ‘Jive’ (1044.7 g / bush)
[16]. High productivity in combination with large
fruit, density of berry pulp and the amount of sug-

ars in this zone of horticulture are found in the fol-
lowing varieties: 'Vima Tarda', 'Onda’, 'Vima Xima',
'Florense', 'Tarda Vicoda', 'Galia', 'Kemiya' , 'Nelly'
[6]. According to the results of the assessment of
biological productivity, the following varieties are
considered the most productive in the Oryol region:
'Alba' (346 g / bush), 'Asia' (435), 'Tsaritsa' (463),
'Solovushka' (959 g / bush) [13]. In the conditions
of the Central Black Earth Region of the Russian
Federation, varieties are distinguished for high pro-
ductivity in combination with other economically
valuable traits: '/Roxana’ (up to 675 g/ bush), 'Alba’,
'Vima Kimberly', 'Elsanta’ (up to 540), ' Vima Rina
"' Florence '(486-513 g / bush) [35]. For the Non-
Chernozem zone, the following are distinguished as
the most productive varieties: 'Bereginya' (690.9 g/
bush), 'Our Podmoskovye' (527.0), 'Rusich' (501.8),
'Solovushka' (467.5), 'Vityaz' (437.6 g/ bush) [36].
The most productive varieties in the forest-steppe
conditions of the Altai Territory are: 'Zabelinskaya'
(up to 580 g/ bush), 'First-grader' (up to 769), 'Sol-
nechnaya Polyanka' (up to 602), 'Festivalnaya Dai-
sy' (up to 583 g/ bush) [ 37]. In the conditions of the
Kamchatka Territory, varieties with high productiv-
ity potential have been identified: ‘Japanese’, ‘First-
grader’, ‘Atlas’, ‘Fruit’, ‘Grenada’ (308.0-869.4 g/
bush) [38].

Scientists from Brazil, based on the results of
studying nine new varieties, identified the most
productive ones: ‘Merced’ (453—-547 g / bush) and
‘Camarosa’ (434-537 g / bush) [39]. The new Eu-
ropean variety 'Rendezvous' is capable of produc-
ing up to 1300 g of fruits per plant [40]. According
to East Malling researchers, the following varieties
are highly productive: ‘Murano’ (613 g/ bush), ‘M.
Champion " (747), 'Finesse' (854 g/ bush)’.

The role of breeding in increasing the productiv-
ity of garden strawberries is obvious, since back in
the 1980s. varieties with a yield of 250-350 g / bush
(‘Festivalnaya’, ‘Komsomolskaya Pravda’, ‘Zarya’,
‘Purple’, ‘Generous’, ‘Pennant’, etc.) were classi-
fied as highly productive '°.

Independent inheritance of traits - productivity
components - in garden strawberry allows selection
according to the planned parameters of the combi-
nation of components.

$Global Conservation Strategy for Fragaria (Strawberry). Rye. K.E. Hummer. Scripta Horticulturae. 2008. URL: https://www.
ishs.org/scripta-horticulturae/global-conservation-strategy-fragaria-strawberry.

°SF96a — East Malling Strawberry Breeding Club [E-resource]. — Annual report 2019-20.URL: https://ahdb.org.uk/sf-096a-

east-malling-strawberry-breeding-club-emsbc.

0yarkova K.T., Filosofova T.P., Zubov A.A., Rorova L.V., Konstantinova A.F., Kopan K.N., Kopan V.A., Kirtbaya E.K.
Strawberry breeding. Program and methodology for breeding fruit, berry and nut crops / under the general editorship of G.A.

Lobanov. Michurinsk: VNIIS, 1980. pp. 278-318.
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Expansion of the genetic base of Fragaria X
ananassa with the involvement of other octoploid
species and polyploid forms of wild species pro-
vides a further increase in productivity in new vari-
eties due to the realization of the potential due to
the inclusion of traits of adaptability to biotic and
abiotic factors in the genotype.

The widespread involvement of modern meth-
ods of studying the phenotype and genotype
(screening of the metabolomic and biochemical
profile, DNA certification, molecular labeling)
contributes to increasing the objectivity of re-
search and the efficiency of the breeding process.
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INPOMBIIVIEHHOE CKPEHLIUBAHUE KOPOB MOJIOYHOI'O CKOTA
C BBIKAMHU MSCHBIX IIOPO/I B 3AITIAJTHOM CUBUPHU

Huepbaes b.0., Xpamuosa N.A., <) NUuep6aeBa A.T.

Cubupckuil ghedepanvhviil HayuHblil yeump azpobuomexnono2uil Poccutickotl akaoemuu HayK

HoBocubupckas o61acts, p. . Kpacnooock, Poccust

(<) e-mail: atinerbaeva@yandex.ru

[IpencraBieHsl pe3ynbTaThl IPOMBIIUICHHOTO CKPELIMBAHUSI KOPOB MOJIOYHOT'O CKOTA C OBIKAMH
MSICHBIX TOpoJ1. HayuHo-X03sHicTBeHHBIE OMBITHI ITpoBeieHb B OMcKoi 1 HoBocuOMpcKoii o0macTsix.
g sxcriepruMenTa 0TOOpaHbl BBIPpAHKUPOBAHHBIE KOPOBBI KPACHOM CTEMHOM MOPOJIbI, KOTOPBIX
HACKYCCTBEHHO OCEMEHUIIN CEMEHEM OBIKOB KPACHOM CTEITHOM, KaJIMBIIIKOW 1 repedOpCKOH ITOPOI.
OT HapoAMBHIMXCSA TEJAT IO METONLy IPYII-aHAJIOrOB OTOOpasn OBIYKOB Ka)KAOTO T'€HOTHIIA
U chopmMHUpoBaIM TPU TPyNIbl: - KOHTPOJIbHAsE — KpPacHbIe CTEMHbIC, 2-51 ONBITHAs — MOMECH
KaJIMbILIKasg X KpacHasl CTelHasi, 3-s1 OIbITHAas — MoMecu repedopickas X KpacHas cremnHas. Bo
BTOPOM OIIBITE€ W3 OBIYKOB-KACTPAaTOB CHMMEHTAJILCKON MOPOIBI U Tepedops X CUMMEHTaIbCKUX
noMecei COPMHUPOBAHBI JIBE TPYIIILL: 1-51 KOHTPOJIbHAS CHMMEHTAIBCKON TOPOJIbI U 2-51 OTIBITHAS
repeop X CUMMEHTaJIbCKHE [1OMECH. BBIBICHO BBICOKOAOCTOBEPHOE IIPEBOCXOICTBO 110 KUBOH
Macce MOJOAHSKA 2-i U 3-i onbITHRIX rpynil. C 9- u 10 15-MecsuHOro BO3pacTta 1o CpaBHEHUIO C
KOHTPOJIBHBIMHU JKUBOTHBIMH OHO cocTaBuiio 16,5-77,3 kr (p < 0,05-0,001). ¥V momeceii rpymims
KpacHasi cTenHasi X repedopackas yoolHHbIH BbIX0A cocTaBuil 58,6%, 4TO BBILIE, YEM Y CBEPCTHHKOB
JIByX mepBbIX rpynm, Ha 1,9 u 1,8% (p < 0,05), macca tymm 209,3 kI, y KpacHBIX CTEHHBIX —
172,2 xr (p <0,01). Bo Bropom ombiTe B Bo3pacte 8, 12, 15 u 18 Mec ObIukH 2-i OIBITHON TPYIIITBI
TIPEBOCXOIUIIN CBEPCTHUKOB 1-if KoHTpoasHOM Ha 15,2-29,4 kT (p < 0,05-0,001). YOOIHBIHA BEIXO]
y OIBITHOTO MOJIOAHSIKA OB BBILIE, YEM Y KOHTPOJbHOTO, — 57,8%. [1o AByM omblTamM IOMECHBIE
IPYIIBl KUBOTHBIX XapaKTEPHU30BAIHUCH JIy4ylled MSICHOW MNPOXYKTHBHOCTHIO. [IpomblmiieHHoe
CKpEeLIMBaHNE KOPOB MOJIOYHOTO CKOTa C OBIKAMH MSICHBIX MOPOJI MO3BOJHT MOBBICHTH MSCHYIO
IMPOAYKTUBHOCTD U YBCJIMYUTH MMOT'OJIOBLE MACHOI'O CKOTA.
KuioueBble cjoBa: IMPOMBIIIIJICHHOC CKPCIIMBAHUC, MCHAs MPOAYKTHUBHOCTDL, IIOPOJa, KHUBAA

Macca

COMMERCIAL CROSS BREEDING OF DAIRY CATTLE WITH BEEF BULLS IN
WESTERN SIBERIA

Inerbaev B.O., Khramtsova I.A., <) Inerbaeva A.T.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<) e-mail: atinerbaeva@yandex.ru

The results of commercial cross breeding of dairy cattle with meat bulls are presented. Scientific
and economic experiments were carried out in Omsk and Novosibirsk regions. Ranked cows of the
red steppe breed were selected for the experiment. They were artificially inseminated with the semen
of bulls of the red steppe, Kalmyk and Hereford breeds. Bulls of each genotype were selected from
the calves born and three groups were formed by the method of analogue groups: 1% control — the
red steppe, 2™ experimental — crossbreed of Kalmyk x the red steppe, 3¢ experimental — crossbreed
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in Western Siberia

of Hereford x the red steppe. In the second experiment two groups were formed from castrated
bulls of Simmental and Hereford breeds x Simmental hybrids: 1% control group of Simmental
breed, 2™ experimental group — Hereford x Simmental hybrids. A highly reliable superiority in
the live weight of young animals of the 2™ and 3¢ experimental groups was revealed. From the
age of 9 to 15 months, it was 16.5-77.3 kg (p <0.05-0.001) compared to animals in the control
group. In the group of the red steppe x Hereford, slaughter yield was 58.6%, which is higher than
that of the first two groups, by 1.9 and 1.8% (p <0.05), the carcass weight was 209.3 kg, the red
steppe — 172.2 kg (p <0.01). In the second experiment at the age of §, 12, 15 and 18 months, the
bulls of the 2" experimental group outperformed the peers of the 1% control group by 15.2-29.4
kg (p <0.05-0.001). Their slaughter yield was higher than that of the control group, and accounted
for 57.8%. In two experiments, crossbred groups of animals were characterized by a better meat
productivity. Commercial crossbreeding of dairy cows with beef breeds of bulls allows to increase
meat productivity and increase the population of the meat cattle.
Keywords: commercial crossbreeding, meet productivity, breed, live weight

Jnst nurupoBanusi: Hunepoaes b.0., Xpamyosa U.A., Unepoaesa A.T. TIpoMbIIITIEHHOE CKPEIIBAHHE KOPOB MOJIOYHOTO
CKOTa ¢ ObIKaM¥ MSCHBIX TOpox B 3ananHoil Cubupu // CuOupckuil BECTHUK ceNbCKoxo3siicTBeHHOW Hayku. 2021. T. 51. Ne 3.
C. 75-81. https://doi.org/10.26898/0370-8799-2021-3-8

For citation: Inerbaev B.O., Khramtsova I.A., Inerbaeva A.T. Commercial cross breeding of dairy cattle with beef bulls in
Western Siberia. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Bulletin of Agricultural Science, 2021. T. 51. Ne 3.
pp. 75-81. https://doi.org/10.26898/0370-8799-2021-3-8

KoH(uukT uHTEpecon

ABTOpBI 3asBIISIFOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.
Conflict of interest

The authors declare no conflicts of interest.

INTRODUCTION

The development of the specialized meat
cattle industry in Russia is a priority task of
the agricultural sector. From 2010 to 2019, the
production of large cattle for slaughter in live
weight decreased from 3030.0 thousand tons
up to 2827.1 thousand tons or 202.9 thousand
tons (-6.7%), which is the result of the reduc-
tion in the number of dairy cows and over-rep-
resented young cattle in the share of fattening
cattle' [1]. According to experts, they can only
be replaced by animals of beef breed. Accord-
ing to forecasts, by 2025 the number of beef
cattle of specialized beef breeds should be 10
million heads. [2]. The development of beef
breeds occurs both when using reputable and
foreign species, as a rule, regionalized to the
conditions of a specific region [3—10].

It should be noted that it takes a long time
to increase the number of beef cattle through
own reproduction, and it is very expensive to
buy animals from other countries. In this con-
nection, we consider it expedient for Siberian
producers to use selected (culled) dairy cows
for industrial crossbreeding with bulls of beef
breeds. This will make it possible to create a
contingent of crossbred herds for beef produc-
tion in contrast to purebred beef cattle [11-15].
The potential for beef cattle breeding in Siberia
with its vast agricultural land is very high, so
beef cattle breeding can become a profitable in-
dustry.

The aim of the study was to examine the
productive features and meat qualities of
young cows from industrial crossbreeding of
bred dairy cows with bulls of specialized meat
breeds in Western Siberia.

"Dunin I.M., Butusov D.V., Shichkin G.I., Safina G.F., Chernov V.V., Lastochkina O.V., Tyapugin S.E., Bogolyubova L.P.,
Nikitina S V.V, Matveeva E.A., Tyapugin E.E. The state of meat cattle breeding in the Russian Federation. Yearbook of pedigree
work in meat cattle breeding in the farms of the Russian Federation, 2019. Moscow, 2020, 3 p.
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MATERIALS AND METHODS

Two research experiments have been con-
ducted. The first one was carried out in APC
"Uraly" of the Omsk region by commercial
crossbreeding of red steppe cows with Kalmyk
and Hereford bulls to increase the quantity and
improve the quality of beef in the farms of the
tundra northern zone of Western Siberia. For
this purpose, 62 red steppe cows were selected
and then artificially inseminated with semen
from red steppe, Kalmyk and Hereford bulls.

From the 60 calves born, 30 steers of 10
animals of each genotype were selected. Three
groups were formed using the method of peer
groups: 1st control - red steppe, 2nd experimen-
tal group - Kalmykian % red steppe, 3rd experi-
mental group - Hereford x red steppe.

The second experiment was conducted in
ZAO Kozinskoe, Novosibirsk Region on steer
cattle of Simmental breed and Hereford x Sim-
mental mixtures. Two groups of 10 animals
each were formed: the 1st (control) of Simmen-
tal breed, and the 2nd (experimental) of Here-
ford x Simmental mixtures. Feeding and main-
tenance of the young animals in both experi-
ments were the same. The steers were weighed
monthly in the morning before feeding. The dy-
namics of their live weight were determined up
to 15 months of age in the first experiment and
up to 18 months of age in the second.

VASKHNIL, VIZH and VNIIMP methods
were used to study the meat productivity and
meat quality. For this purpose, control slaughter
of steers was conducted at 15-months of age,
3 animals from each group in the first experi-

ment and at 18-months of age in the second ex-
periment. Pre-slaughter weight, carcass weight,
carcass yield, weight of internal fat, slaughter
weight and slaughter yield were taken into ac-
count. The data were processed by the method
of variation statistics using the Snedecor soft-
ware.

RESULTS AND DISCUSSION

The influence of Hereford and Kalmyk bulls
in cross-breeding with red steppe cows on the
variations of live-weight of young animals in
the age dynamics during their breeding from 9-
to 15-months of age has been established. At
birth bulls of the red steppe breed and cross-
breds of the 2nd group had almost the same
weight (26,0 and 27,2 kg) in contrast to the 3rd
group. The live weight of Group 3 steers was
2.7 kg more than that of Group 1 and 1.5 kg
more than Group 2 (p < 0.05) (see Table 1).

The difference in live weight in the benefit
of the place in comparison with the peers of the
control group was especially significant after
weaning from mothers. From this age and up
to 15 months, the differences between the 2nd
and 3rd groups in comparison with the control
high are excellent. At the same time, a more
intensive increase in live weight took place in
mixed bred cattle. The differences in the 1st
control and 2nd experimental groups by 15
months amounted to 41.6 kg in favor of the ex-
perimental animals, in the 1st and 3rd - 52.6 kg
(p < 0.001). Probably, the high unpretentious-
ness of the Hereford crosses to keeping condi-
tions in winter and early spring periods deter-

Ta6a. 1. /lunamuka *UBOW Macchl ObIYKOB, KT (M + m)
Table. 1. Dynamics of live weight of bulls, kg (M + m)

Group (n = 10)
Age, months
1-st 2-nd 3-rd

At birth 26,0 £0,82 27,2 +0,73 28,7+ 0,871
9 219,8 £3.,75 236,3 +£5,92°! 244,5 £2,36""
12 273,6 + 5,46 296,0 £ 6,67 317,8 £ 3,801
15 333,5+ 6,82 375,1 £4,927! 386,1 £4,13"!

Hereinafter: 1, 2 - means the group number.

*p <0,05.

**p <0,01.

*ik p < 0,001.
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mined a higher rate of live weight gain of steers
of the 3rd group.

To determine the slaughter performance of
young red steppe bulls and their mixtures with
Kalmyk and Hereford bulls, control bulls were
slaughtered at the age of 15 months. Three
bulls from each group were selected for slaugh-
ter, with relatively similar live weights and the
same fatness before slaughter (see Table 2).

The slaughter yield of crossbred steers of
Group 2 was 56.8% and that of Group 3 was
58.6%.

At 15 months of age the carcasses of cross-
bred Hereford steers were more complete -
209.3 kg, or 55.2%, and those of red steppe
steers - 172.2 kg, or 52.6%.

The weight of the paired carcass of Kalmyk
mixed breeds was 197.0 kg, which was higher
than that of their red steppe counterparts. In
general, the slaughter yield of Kalmyk mixed
bred bulls was equal to that of red steppe peers
(56.7% and 56.8%). In red steppe x Hereford
steppe bulls, the slaughter yield was 58.6%,
which was 1.9% and 1.8% higher than in the
first two groups, respectively.

In the second experiment, at the age of 8

months, the bulls of the 2nd experimental group
excelled in the live weight of the counterparts of
the Ist control by 22.9 kg (10.8%) at p <0.001
(see Table 3).

The tendency for the advancement in the
live weight of gobies of the 2nd group by 15.2—
29.4 kg (p <0.05-0.001) was observed up to 18
months of age.

The indicators of the meat production of
young animals according to the results of the
control slaughter of gobies are given in table. 4.

The gobies of the 1st group had a high
pre slaughter weight in the experience. They
excelled their peers from the 2nd group by
34.1 kg. A similar situation was observed for
the slaughter mass and the mass of a pair of
carcasses. The advantage in terms of slaughter
output was on the side of the bulls of the 2nd
group - 57.8%.

CONCLUSION

The results of two scientific and economic
experiments showed that crossbred gobies
were characterized by the best meat produc-
tion. Their superiority over control animals in
live weight reached 15.8%, in slaughter yield

Taba. 2. Pe3ynsraTel KOHTPOIBEHOTO y0Os 15-MecsTaHbIX ObIaKoB (M + m)
Table. 2. Results of the control slaughter of 15-month-old bulls (M + m)

; Group
Indicator - d T
Live weight, kg: removable 338,0+3,22 3782 + 2,49 389,0 +3,57""1"
pre-slaughter 327,3+3,15 364,6 +2,76""! 379,1 £ 2,61°1*2
Weight, kg: 186,0 + 2,31 207,1 + 2,50 2222 42,231
slaughter
Hot carcass 172,2 + 3,18 197,0 £2,15™! 209,3 +2,20"1*2
Slaughter yield, % 56,7 56,8 58,6
Carcass yield, %: 52,6 54,0 55,2

Tao6a. 3. /luHamuka )KUBOH MacChl CHMMEHTAIBCKUX, Tepedop/ X CHMMEHTaIbCKUX ObIYKOB, KT

Table. 3. Dynamics of live weight of Simmental, Hereford x Simmental bulls, kg

Age, months st Group (n = 10) nd
8 2122 +£3,38 235,1+£3,78"
12 282,4 +5,81 311,8+3,43™
15 328,0 £4,36 3432+ 5,13"
18 368,3 £5,20 397,7 £ 4,52
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Ta6a. 4. Pesynbrarsl KOHTPOIBEHOTO YOOS
TTOJOTBITHBIX OBIYKOB (M + m)

Table. 4. Results of control slaughter of
experimental bulls (M £ m)

. Group
Indicator st >nd

Weight, kg:

removable 350,6 + 3,28 382,0 £ 3,45

pre-slaughter 335,1 £4,20 382,3 £ 14,4™

slaughter 184,3 £4,26 212,3+3,77"
Hot carcass 170,0 3,19 197,0 £4,15™
Yield, %:

slaughter 55,3 57,8

carcass 50,6 53,6

- up to 2.5%. In our opinion, it is necessary to
make wider use of industrial crossbreeding of
selected (culled) dairy cows with bulls of beef
breeds, which will increase meat productivity
and increase the number of beef cattle, espe-

cially in private subsidiary farms and farming
households.
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BJIMSAHUE HAHOYACTHUL CEPEBPA HA BAKTEPULIU/IHYIO AKTUBHOCTD
N AHTUBUOTUKOYYBCTBUTEJIBHOCTb SALMONELLA ENTERITIDIS 182

(<) Iknas H.H., Hedenosa E.B.
Cubupckuii ghedepanvhbiii HayuHwlll yeHmp acpodbuomexronozull Poccutickoii akademuu nayx

HoBocubupckas obmacts, p.i. Kpacnoobck, Poccust
(<) e-mail: nicola07@mail.ru

[IpoBeneHbI WcCIeNOBaHUS O OMPEACIICHUIO CHHEPTETHUECKOro dPQeKrTa MPUMEHEHUS KOM-
OMHAIMH aHTUOAKTEPUAIILHBIX BEIIECTB, BKIIFOYAOIINX aHTHOMOTHUKH, N€3MH(EKTAHT CeNTa0uK H
AgNPs. BpIsiBIICH 3HAYUTENBHBIA POCT OAKTEPHUIIMIHONW aKTUBHOCTH B KOMOWHAIMKM CenTaOuK +
AgNPs + aurokc u centadbuk + AgNPs + niedrrodyp. OnpezeneHue auyBcTBUTEIbHOCTU Salmonella
enteritidis 182 x aHTHOAKTEpUATBHBIM MpEIaparaM Mmokas3ano Haaudue ycroianBocth K 8 (38,1%)
mperaparam, Majoi ayBcTBUTeNnsHOCTH — K 7 (33,3%), ayBcTBUTENBHOCTH — K 6 (28,6%) 1 OTCYT-
CTBUE IPETapaToB ¢ BHICOKOW YyBCTBUTENBHOCTHIO. [locie KynbTuBupoBanus S. enteritidis 182 ¢
aHTHOAKTEpHUATHHBIMU TIpenapaTaMu U UX KOMOMHAIMSAMHU YCTAHOBJICHO YBEIMYCHUE KOJIMYECTBA
JICKApCTBEHHBIX CPEJICTB, K KOTOPBIM M3y4aeMbIil IITaMM ObLT YyBCTBHUTENCH. Hanndne 4yBCcTBU-
TEJBHOCTH BbIsIBIIEHO K 7—10 mpemaparam, uro Ha 4,7-19,6% Ooibliie, 4eM B KOHTPOJIbHBIX I10-
KazaTelsix. YCTaHOBIICHA paHee OTCYTCTBOBABINAS BHICOKASI YYBCTBUTEIHLHOCTH K 2—8 (9,5-38,0%)
aHTHOAKTEpHALHEIM TIpenaparaM. KymsruBupoBanue S. enteritidis 182 ¢ AgNPs moka3ano Hau-
BBICIIUI POCT aHTUOMOTHKOYYBCTBUTEIHHOCTH U3 BCEX M3Yy4YaeMbIX KOMOWHAIIMN aHTHOAKTepH-
AIBHBIX CPEJCTB B BUJE YBEIMUYCHHUS pazMepa 3alepKKH pocTa. DTO JaeT OCHOBAHHUE MPEIIOJIO-
XKHUTh 0 Beayledl poian AgNPs B mpeononeHnu aHTHOMOTHKOPE3UCTEHTHOCTH. VHKyOMpoBaHHe
S. enteritidis 182 mocie KOHTaKTa ¢ cenTabuKoM U aproBUTOM BBI3BaJI0 MAKCUMAJILHOE YBEITMUCHHE
JaMeTpa 3a/Iep>KKU POCTa MUKPOOpTraHu3Ma 0e3 CHUIKEHHS MTOoKa3aTellsl K OT/IEIbHBIM BUIaM TIpe-
rmaparoB (3a MCKITIOYEHNEM CenTaduKa, TAe yCTaHOBIIEHA yTpaTa YyBCTBUTEIHHOCTH K THIIO3HHY).
[Ipu noGaBieHNH pa3IMYHBIX AHTHOMOTHKOB K KOMOWHAIIMH CENTa0WK + aproBUT OTMEUYCHBI (DaKTHI
CHIJKCHUS 30HBI 3aJICPKKH POCTa WM ero ucyezHoBeHus. OnrcaH KOMOMHUPOBAHHBIN P EKT co-
YETAaHHOTO TPUMEHCHHS aHTUOAKTepUAIBHBIX MPENapaToB U HAHOYACTHUIL cepeOpa B OTHOIICHUU
OakTepuii ¢ MHO)KECTBEHHOM JIEKAPCTBEHHOM YCTOWYHNBOCTEIO.

KuioueBble ¢Jj10Ba: HAHOUACTHUIIEI cepebpa, Salmonella enteritidis, aHTHONOTHKY, AaHTHOMOTH-
KOpe3ucTeHTHOCTh, AgNPs, cenTabuk

EFFECT OF SILVER NANOPARTICLES ON BACTERICIDAL ACTIVITY
AND ANTIBIOTIC SENSITIVITY OF SALMONELLA ENTERITIDIS 182

(<) Shkil N.N., Nefedova E.V.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia
(<) e-mail: nicola07@mail.ru

Studies have been carried out to determine the synergetic effect of the use of combinations of
antibacterial substances, including antibiotics, septabic disinfectant and AgNPs. A significant increase
in bactericidal activity was revealed in the combination of septabic + AgNPs + nitox and septabic +
AgNPs + ceftiofur. Determination of the sensitivity of Sal/monella enteritidis 182 to antibacterial
drugs showed the presence of resistance to 8 drugs (38.1%), low sensitivity to 7 (33.3%), sensitivity
to 6 (28.6%) and the absence of preparations with high sensitivity indicators. After cultivation of
S. enteritidis 182 with antibacterial drugs and their combinations, an increase in the number of
preparations to which the studied strain was sensitive was found. The presence of sensitivity to
7—-10 drugs was revealed, which is 4.7-19.6% higher than in the control indicators. A previously
absent high sensitivity to 2—8 antibacterial drugs (9.5-38.0%) was established. The cultivation of
S. enteritidis 182 with AgNPs showed the highest increase in antibiotic sensitivity of all the studied
combinations of antibacterial agents in the form of the growth inhibition size increase. This suggests
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Buimsinue HanovacTHIl cepeOpa Ha GaKTEPULUIHYIO0 AKTHBHOCTb U
AHTHOMOTHKOYYBCTBUTEIBLHOCTE Salmonella enteritidis 182

HIxune H.H., Hedenosa E.B.

a leading role of AgNPs in overcoming antibiotic resistance. Incubation of S. enteritidis 152 after
contact with septabic and argovite caused a maximum increase in the diameter of the growth
inhibition of the microorganism without decreasing sensitivity to certain types of drugs (with the
exception of septabic, where the loss of sensitivity to tylosin was established). When adding various
antibiotics to the combination of septabic + argovit, a decrease in the growth inhibition zone or its
disappearance were noted. The combined effect of the use of antibacterial drugs together with silver
nanoparticles against bacteria with multidrug resistance is described.

Keywords: silver nanoparticles, Salmonella enteritidis, antibiotics, antibiotic resistance, AgNPs,

septabik
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INTRODUCTION

The widespread use of antibacterial drugs in
animal production has led to an increase in the
isolation of antibiotic-resistant strains of micro-
organisms. This has significantly reduced the
effectiveness of chemotherapy and has created
conditions for the transmission of antibiotic-
resistant genes through animal products to hu-
mans. In 2001 The UN WHO recognized the
problem of antibiotic resistance as a global
problem and developed a series of interventions
to limit the occurrence and spread of this phe-
nomenon, which equally affects both medical
and veterinary service delivery. Carbapenem-
resistant micro-organisms of the family En-
terobacteriaceae are seen as a threat to public
health. Bacterial strains isolated from cattle are
a major channel for this resistance. Damages in
the USA from infections caused by antibiotic-
resistant microorganisms are estimated at $55-
70 billion; similar losses in Europe exceed €1.5
billion per year"-? [1].

A group of intestinal pathogens of the Sal-
monella genus, which can cause pathologies in
animals and poultry and food poisoning in hu-
mans, pose a particular threat. Given the addi-
tional risks posed by persistent pathogens asso-
ciated with the presence of antibiotic-resistant
genes, the problem of infectious pathologies is
becoming alarming and requires urgent solu-
tions.

Research is underway to develop veterinary
medicines that do not contain antibiotics but
have antibacterial properties. One well-known
method of treating and preventing infectious
diseases is the use of silver preparations. These
drugs are widely used in the treatment of gas-
trointestinal diseases of humans and animals,
obstetric and gynecological (mastitis, endome-
tritis) pathologies of cattle, as well as the treat-
ment of wounds, ulcers, bedsores in surgical
practice’® [2-5]. In addition to the bactericidal
properties of silver preparations, studies have
revealed the presence of silver nanoparticles
(AgNPs) to overcome and reduce the antibiotic

"World Health Organization. WHO Global Strategy for Containment of Antimicrobial Resistance. Geneva, 2001. WHO/CDS/

CSR/DRS/2001.2.

“Strategy for preventing the spread of antimicrobial resistance: order of the Government of the Russian Federation No. 2045-r

dated September 25, 2017.

Blagitko E.M., Bugaychenko N.V., Shorina G.N. and others. Results of local application of argolite and hydropenta — silver-
containing preparations on a natural mineral basis. Nanotechnologies and nanomaterials for biology and medicine: materials of
scientific and practical research. conf. with int. participation: 2 hours. Novosibirsk, 2007. Part 2. P. 39—49.
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Effect of silver nanoparticles on bactericidal activity and antibiotic
sensitivity of Salmonella enteritidis 182

Shkil N.N., Nefedova E.V.

resistance of opportunistic and pathogenic mi-
croflora®. Positive experience has been gained
in the use of disinfectants as antibacterial medi-
cines (ecocidal in oral administration), which
opens up prospects for the use of these agents
as therapeutic agents [6]. The need therefore
arises to investigate the presence of possible
synergistic properties in the combined use of
antibacterial agents of different pharmacologi-
cal groups.

A study of the effect of colloidal silver on
the morphology and development of Salmonel-
la enteritidis cell populations using scanning
electron microscopy showed that AgNPs in low
concentrations promotes partial destruction of
the bacterial cell wall, prevents normal cell divi-
sion, initiates the processes of heteromorphism.
However, the S. enteritidis population remains
viable. Once in a favorable environment, it ful-
ly restores its morphological properties and the
possibility of growth and development (bacte-
riostatic effect). At high concentrations, AgNPs
causes rapid cell death in the population. Thus,
the bactericidal effect of colloidal silver solu-
tions depends directly on the concentration of
nanoparticles in them. The higher their concen-
tration, the deeper the lesion of cellular struc-
tures, the more pronounced is the disinfecting
effect of the applied preparation [7].

It was found that nanosized systems can not
only improve the therapeutic activity of anti-
bacterial agents, but also inhibit the stimula-
tion of resistance by overcoming resistance
strategies developed by bacteria, including
the degradation of the drug under the action
of B-lactamase, thickening the walls of bacte-
rial cells [8]. The synergistic effect of AgNPs
in combination with gentamicin against Esch-
erichia coli, Proteus mirabilis, Pseudomonas
aeruginosa, Salmonella typhi and Staphylococ-
cus aureus showed a significant increase in the
diameter (up to 26-34 mm) of bacterial growth
retention zones [9].

The aim of the study was to investigate the
bactericidal properties of various combinations

of antibacterial agents and their effect on the
possibility of overcoming antibiotic resistance
in S. enteritidis 182.

MATERIAL AND METHODS

A preparation argovit containing AgNPs
(12-14 pg/ml) was used for the study; cefti-
mag, containing ceftiofur hydrochloride 100
mg as an active substance in 1 ml; containing
methyl ether of paraoxybenzoic acid 1.8 mg,
propyl ether of paraoxybenzoic acid 0.2 mg
and propylene glycol dicaprylate/dicaprates
up to 1 ml; oxytetracycline as a 10% aqueous
solution; enrofloxacin containing 50 mg of en-
rofloxacin in 1 ml; gentamicin, containing 40
mg of gentamicin sulfate in 1 ml; nitox, con-
taining 200 mg of oxytetracycline dihydrate as
an active ingredient in 1 ml of the formulation;
excipients - magnesium oxide, N,N-dimethyl-
acetamide, rongalit, monoethanolamine and
water for injection; azithromycin in the form of
azithromycin citrate derived from azithromycin
dihydrate, 100 mg in 1 ml; excipients - citric
acid monohydrate, sodium hydroxide, water for
injection.

The disinfectant Septabic contains the ac-
tive ingredient urea clathrate didecyldimeth-
ylammonium bromide, which is active against
Gram-positive and Gram-negative bacteria (in-
cluding Mycobacterium tuberculosis), derma-
tophytes, yeast-like fungi, candida, hepatitis B
virus, HIV, influenza viruses, parainfluenza’.

Microbial sensitivity of the S. enteritidis
ATCC 182 reference strain to antibacterial
agents and combinations was determined from
a dilution with the lowest bacteriostatic concen-
tration, 0.2 ml of which was added to an AMP
and the antibiotic sensitivity of the microorgan-
isms was determined by discodiffusion.

Determination of sensitivity was carried out
to 21 antibacterial drugs with subsequent incu-
bation for 24 hours at a temperature of 37.5 +
0.5 0 C.The sensitivity of microorganisms to
antibiotics was determined by the degree of
delay in the growth diameter around the disc:

‘Mamonoval.A. The influence of nanoparticles of the transition group of metals on antibiotic-resistant strains of microorganisms:

author. dis. PhD in biology. M., 2013. 21 p.
Shttps://infodez.ru/product/1452 _septabik.html
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up to 10 mm - resistant, up to 15 - insensitive,
up to 20 - sensitive, more than 20 mm - highly
sensitive®.

RESULTS AND DISCUSSION

Determination of the bactericidal activity of
antibacterial agents in combination with AgNPs
and septabic disinfectant is justified by its pos-
sible use in the treatment of infectious patholo-
gies due to acceptable parameters of acute tox-
icity, which refers to class 3 (GOST 12.1.007-
76) of moderately hazardous compound when
introduced in the stomach and to class 4 of
low-hazardous compound when applied to skin
and when inhaled at saturation concentration.
AgNPs has a mild sensitising effect’.

Studies carried out to determine the syner-
gistic effect of combinations of antibacterial
agents including antibiotics, disinfectant prepa-
ration and AgNPs showed a significant increase
in bactericidal activity in the combination sept-
abic + AgNPs + nitox and septabic + AgNPs +
ceftiofur (see Table 1).

Determination of the sensitivity of S. en-
teritidis 182 to antibacterial agents showed
resistance to 8 (38.1%), low sensitivity to 7
(33.3%), sensitivity to 6 (28.6%) and no drugs
with high sensitivity. After culturing S. enteriti-
dis 182 with antibacterial agents and their com-
binations an increase in the number of drugs
to which the studied strain was sensitive was
found. The presence of sensitivity was detected
to 7-10 drugs, which is 4.7-19.6% more than in
the target scores. A previously absent high sen-
sitivity to 2—8 (9.5-38.0%) antibacterial drugs
was established (see Table 2).

The cultivation of S. enteritidis 182 with Ag-
NPs showed the highest increase in antibiotic
sensitivity among all the studied combinations
of antibacterial agents in the form of the larg-
est growth retardation of the microorganism,
which suggests the leading role of AgNPs in
overcoming antibiotic resistance. Incubation
of S. enteritidis 182 after contact with septabic

and argovit caused a maximum increase in the
diameter of the growth retardation of the mi-
croorganism without a decrease in the indicator
for certain types of drugs (with the exception of
septabic, where the loss of sensitivity to tylosin
was established). With the addition of various
antibiotics to the combination of septabic + ar-
govit, facts of a decrease in the growth retar-
dation zone or its disappearance were noted.
Thus, enrofloxacin reduced the diameter of the
growth retardation of a microorganism or led
to its disappearance by 6 (28.6%) drugs, oxy-
tetracycline, gentamicin - by 4 (19.0%), nitox,
ceftiofur, azithromycin - by 2 (9.5%) ... In these
cases, in all combinations, a loss of sensitiv-
ity to tylosin and neomycin was noted when
azithromycin, enrofloxacin, nitox and ceftiofur
were added to the combination of septabic + ar-
govit (see Tables 3, 4).

The results of the conducted studies indi-
cate the presence of synergistic properties of
the combined use of antibacterial drugs and
confirm previous studies by other authors. The

Ta6a. 1. UysctButensHOCTb S. enteritidis 182
aHTHOAKTEepHUaIbHBIM TIperapaTaM 1 UX KOMOUHa-
UM

Table 1. Sensitivity of S. enteritidis 182 to
antibacterial drugs and their combinations

Preparation Concentration, pg/ml
AgNPs | Septabic | Antibiotic

AgNPs 115 - -
Septabic - 312 -
Septabic + AgNPs 0,2 156 -
Septabic + AgNPs +
oxytetracycline 0,1 0,78 0,78
Septabic + AgNPs +
azithromycin 0,05 0,39 0,39
Septabic +AgNPs +
gentamicin 0,05 0,39 0,39
Septabic + AgNPs +
enrofloxacin 0,05 0,39 0,39
Septabic + AgNPs
+ nitox 0,00125 | 0,0975 0,0975
Septabic + AgNPs +
ceftiofur 0,00125 | 0,0975 0,0975

*Determination of the sensitivity of microorganisms to antibacterial drugs: guidelines MUK 4.2. 1890-04, CRIE. M., 2004.101 p.

"https://infodez.ru/product/1452 _septabik.html
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combined effect of the combined use of anti-
bacterial drugs and silver nanoparticles against
bacteria with multidrug resistance is described.
It was found that the synergistic effect of the
antibiotics such as ciprofloxacin, imipenem,
gentamicin, vancomycin, trimethoprim and
nanoparticles led to an increase in antibacte-
rial activity 0.2-7.0 times (on average 2.8). This
shows that nanoparticles can be effectively
used in combination with antibiotics to increase
their effectiveness against various pathogenic
microorganisms [10]. The antibacterial effect
of the combined use of AgNPs and vancomycin
against Staphylococcus aureus, Pseudomonas
aeruginosa and Streptococcus pneumonia has
been established [11].

Synergistic antibacterial activity in combina-
tion of AgNPs with tetracycline, neomycin and
penicillin was tested against antibiotic-resistant
S. typhimurium DT104. A dose-dependent inhi-
bition of the growth of bacteria S. typhimurium
DT104 was noted for the complexes tetracy-
cline - AgNPs and neomycin - AgNPs (0.07 and
0.43 pg/ml, respectively). At the same time, the
combination of penicillin - AgNPs did not in-
hibit the growth of the microorganism [12]. The
antimicrobial activity of the synthesized bio-
conjugates AgNPs and endogenous antibiotics
was studied. Conjugates of AgNPs with peptide
C-Bac3.4 have antimicrobial activity, including
against the antibiotic-resistant P. aeruginosa
strain, as well as the methicillin-resistant St.

aureus ATCC 33591. Studies have shown that
the complexes of AgNPs with antimicrobial
peptides do not exhibit the pronounced mem-
branolytic effect inherent in peptides [13].

AgNPs, synthesized by A. calcoaceticus
LRVP54 for 24 h, in the form of monodisperse
spherical nanoparticles with a size of 812 nm,
were obtained from metal salts of silver nitrate
0.7 mm in size with subsequent heating at a
temperature of 70 °C. The disc diffusion meth-
od established a higher antibacterial activity
against gram-negative microorganisms. A high
synergistic antibacterial effect (3.8 times) of the
use of AgNPs and vancomycin for Enterobac-
ter aerogenes was established, while a decrease
in the minimum bactericidal concentration was
observed. It is noted that multidrug-resistant
Acinetobacter baumannii is highly sensitive in
the presence of AgNPs and to antibiotics, with
the exception of cephalosporins. A similar ef-
fect was observed when AgNPs were added
to the culture broth with vancomycin-resistant
Streptococcus mutans. Thus, biogenically syn-
thesized AgNPs showed a significant synergis-
tic antibacterial effect on B-lactam antibiotics
[14].

It has been found that the combination of
silver and sulfadimethoxine makes it possible
to increase the antibacterial activity and cre-
ate a drug to which bacteria are not addictive
at certain concentrations of silver in solution.
Preparations with AgNPs and sulfadimethox-

Taoa. 2. V3MeHeHne 4yBCTBUTEIBHOCTH S. enteritidis 182 mocie KOHTaKTa ¢ aHTHOAKTepHaTbHBIMH

Cp€acTBaMu U UX KOM6I/IHaHI/I$IMI/I

Table 2. Changes in the sensitivity of S. enteritidis 182 after contact with antibacterial agents and their

combinations
Preparation Number of preparations
v % M % 4 % B %
Argovit 1 4,8 3 14,3 12 57,1 5 23,8
Septabic 4 190 2 9,5 10 47,6 5 23,8
Septabic + AgNPs 3 14,3 2 9,5 10 47,6 6 28,6
Septabic + AgNPs + oxytetracycline 8 [38,0] 3 [143 7 33,3 3 14,3
Septabic + AgNPs + azithromycin 3 14,3 2 9,5 8 38,0 8 38,0
Septabic + AgNPs + gentamicin 7 1333 2 9,5 9 42,74 3 14,3
Septabic + AgNPs + enrofloxacin 12 | 57,0 - - 7 333 2 9,5
Septabic + AgNPs + nitox 4 19,0 1 475 10 47,6 6 28,6
Septabic + AgNPs + ceftiofur 6 | 28,6 3 14,3 8 38,0 4 19,0

Note. Y - stable, M - insensitive, H - sensitive, V - highly sensitive.
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Ta6a. 3. V3MmeHeHue 30HbI 3aJIepKKH pocTa S. enteritidis 182 mocie KOHTaKTa ¢ aHTUOAKTEPUATbHBIMH

npenaparamM 1 ux KOMGI/IHaI_II/IHMI/I

Table 3. Changes in the growth inhibition zone of S. enteritidis 182 after contact with antibacterial

drugs and their combinations

. . ic + .
Preparation Control Sept— % Sip/t\agb-lc % AZI?)P}: 1tjrl(z):(_y- % SAe.g;sglsc+ % SZZIEIITSC: %
group | abic NPs tetracycline amtl;ri?lmy- gentamicin

Ampicillin /
sulfabactam - - - 21 100 — - 11 100 - -
Ampicillin 15 20 | 333 22 46,7 14 —-6,7 21 40 - —-100
Amikacin — 21 100 20 100 20 100 22 100 20 100
Benzylpenicillin — — — 19 100 - - - - - -
Gentamicin 15 18 20 16 6,7 20 333 20 333 20 33,3
Doxycycline 15 13 |-133| 16 6,7 — -100 16 6,7 13 -13,3
Polymyxin - 15 100 19 100 — - 15 100 15 100
Carbecillin 20 21 5 21 5 21 5 25 25 23 15
Norfloxacin - 24 100 - - 23 100 21 100 22 100
Neomycin 16 18 | 12,5 18 12,5 18 12,5 - —-100 20 25
Enrofloxacin 17 18 5,9 18 5,9 20 17,6 22 29.4 20 17,6
Ciprofloxacin 20 25 25 23 100 21 5 21 5 25 25
Tetracycline - 20 100 15 100 14 100 18 100 17 100
Oxytetracycline 15 18 20 13 13,3 13 -13.3 17 13,3 18 20
Lincomycin - 16 100 - — - - 20 100 - -
Tylosin 15 - | —100 | 21 27,0 - —-100 - -100 - -100
Levomycetin 15 20 | 333 16 6,7 16 6,7 22 46,7 20 33,3
Streptomycin 15 20 | 333 18 20 20 333 21 40 16 6,7
Ticarcillin / clavu-
lanic acid 19 20 53 24 26,3 16 —-15,8 20 5,3 - -100
Ofloxacin 16 23 | 43,7 17 6,2 — -100 20 25 17 6,2
Rifampicin - - — — — — - 20 100 - -

ine have less antibacterial activity compared to
complexes of silver in the ionic form, but the
antimicrobial activity of preparations with Ag-
NPs becomes less dependent on the concentra-
tion and nature of the substrate®.

The synergistic and antagonistic effects of
the combined use of metal nanoparticles and
antibiotics against pathogenic strains of mi-
croorganisms are noted. AgNPs and ZnONPs
exhibited increased antibacterial activity with
increasing concentration against S. aureus, E.
coli. The synergistic effect of the antibiotics
such as azithromycin, cefotaxime, cefuroxime,
fosfomycin and chloramphenicol against E.
coli and S. aureus was significantly higher in

the presence of AgNPs compared with antibi-
otic use alone (see footnote 8).

The synergistic effect of the antibiotics
such as azithromycin, oxacillin, cefotaxime,
cefuroxime, fosfomycin, and oxytetracycline
against E. coli was significantly higher in the
presence of ZnONPs compared with the use of
the antibiotic alone. The synergistic effect of the
antibiotics azithromycin, cefotoxime, cefofox-
ime, cefosfimoxime, cefimpoxim, cefofoxime,
cefosfimoxime, cefoximol, and oxytetracycline
against S. aureus was also significantly higher
in the presence of ZnONPs compared to mono-
use of antibiotics [15].

$Lopanov A.N., Lysykh V.A. Antibacterial activity of sulfadimethoxine with silver. Perspective scientific research: experience,
problems and development prospects: materials of the international scientific conference. Ufa, 2020, pp. 93—100.
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Ta6a. 4. V3MmeHeHue 30HbI 3aJIepKKH pocTa S. enteritidis 182 mocie KOHTaKTa ¢ aHTUOAKTEPUATbHBIMH

npenaparamM 1 ux KOMGI/IHaI_II/IHMI/I

Table 4. Changes in the growth inhibition zone of S. enteritidis 182 after contact with antibacterial

drugs and their combinations

eptabic + eptabic + eptabic +
Preparation Control Argo— % > ig + % SAI;NPer % > ﬁgNPs %
group vit enrofloxacin nitox + ceftiofur

Ampicillin /
sulfabactam - 12 100 - - 13 100 13 100
Ampicillin 15 21 - -100 22 46,7 20 33,3
Amikacin - 20 100 — - 20 100 21 100
Benzylpenicillin - 11 100 - - 16 100 — -
Gentamicin 15 20 | 33,3 22 46,7 24 60 19 26,7
Doxycycline 15 16 6,7 16 6,7 16 6,7 13 -13,3
Polymyxin — 16 100 — - 20 100 16 100
Carbecillin 20 23 15 — -100 23 15 - 20
Norfloxacin - 21 100 22 100 25 100 20 100
Neomycin 16 18 12,5 — -100 — -100 13 -18,7
Enrofloxacin 17 21 23,5 20 -17,6 20 17,6 22 29,4
Ciprofloxacin 20 21 5 - -100 23 15 23 15
Tetracycline - 20 | 100 - - 20 100 - -
Oxytetracycline 15 18 20 20 33,3 20 33,3 16 6,7
Lincomycin - - - - - - - - -
Tylosin 15 16 6,7 — -100 — -100 - -100
Levomycetin 15 16 6,7 20 333 20 333 16 6,7
Streptomycin 15 20 | 333 20 333 20 333 20 333
Ticarcillin / clavu-
lanic acid 19 20 5,3 20 5,3 22 15,8 25 31,6
Ofloxacin 16 18 12,5 19 18,7 18 12,5 18 12,5
Rifampicin - 10 100 — - 10 100 - -

Literature data confirm the different anti-
bacterial effect of using AgNPs and antibiot-
ics against bacteria isolated from animals that
exhibit resistance to antibiotics. The inhibi-
tory concentration was calculated to classify
the observed collective antibacterial activity
as synergistic, additive (only the sum of indi-
vidual drug effects), indifferent (no effect), or
antagonistic. Of the 40 tests performed, 7 were
synergistic, 17 were additive and 16 were indif-
ferent. None of the combinations tested showed
an antagonistic effect. Most synergistic effects
were observed for combinations with AgNPs
co-administered with gentamicin. The greatest
increase in antibacterial activity was found in
combination therapy with penicillin G against
Actinobacillus pleuropneumoniae, Actinobacil-
lus pleuropneumoniae and Pasteurella multoci-
da. Initially resistant to amoxicillin, gentamicin
and colistin, they are susceptible to these anti-
biotics in combination with AgNPs. Research

shows that AgNPs have potential as adjuvants
for the treatment of bacterial diseases in ani-
mals [16].

Synergistic action of AgNPs in combination
with erythromycin and levofloxacin against
St. aureus was observed. Antimicrobial activ-
ity with antibiotics compared to pure silver
nanoparticles was increased by a factor of 1.16-
1.32. This synergism may be relevant for the
treatment of infections caused by multidrug-
resistant bacteria [17].

Analysis of the research results of many au-
thors shows both a marked increase in the bac-
tericidal activity of antibiotics when combined
with AgNPs and its decrease. Given the variety
of antibacterial drugs used in medicine and ag-
riculture, this mixed result requires further re-
search in the search for new combinations with
AgNPs.
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HUTOI'EHETUYECKUE HAPYIIEHUSA Y MOJIOAHAKA KPYITHOI'O
POTATOI'O CKOTA IIPU BAKIIMUHALIUU ITPOTUB CAJIBMOHEJIJVIE3 A

Kymukosa C.I.,, <) Jlorunos C.!., Hazapenko 10.C., Kaquauna H.C.
Hoeocubupckuii 2ocyoapcmeeHHblil azpapHulil yHueepcumem
Hosocubupck, Poccus

<D e-mail: logsi-nsk2@yandex.ru

W3ydeH criekTp ¥ oIpe/iesieHbl YacTOThl IUTOTEHETHYECKUX HAapYIIEHUH y MOJIOAHAKA KPYITHO-
IO pOraTtoro ckoTa, UMMYHHU3MPOBAHHOTO BAKIIMHON MPOTHUB caJlbMOHesuIe3a TelsT. MccienoBanus
MpOBeZIeHBI B X03s1cTBe HoBOCHOMpCKOil 06macTn Ha 10 KIMHWYECKH 3A0POBBIX TONIITHHU3NPO-
BaHHBIX YepHO-ieCTphIX Tenarax 10—17-gHeBHOrO Bo3pacTa. Vcronb30BaHa KOHIIEHTPUPOBAHHAS
(hopMoIKBacIOBast BaKIMHA IMPOTUB CcajbMOHEIe3a (mapatuda) TeisIT B 03€ 2 M (peMMMYHHU3a-
s B 103€ 2 Mi1) ¢ uHTepBajioM 10 cyT MeXIy MHBEKUUSIMH. BakiyHa N3rotoBieHa U3 KyJlbTyphl
Oaktepuii mramma Salmonella dublin Ne 373, nHaKTUBUPOBAHHOTO (DOPMAIMHOM C J0OaBICHUEM
AIFOMOKAJIMEBBIX KBACIIOB M XJIOpUa Kanblus. L{uToreHernueckuii aHanu3 nepudepuyeckoil Kpo-
BU Y TEJISIT MPOBEJIEH 10 BaKIMHANINN (KOHTPOJIb), yepe3 2 U 9 CyT mocie BakIMHALNH, Yepe3 2 U’
9 cyT mocite peBaKITMHAITIN. YCTaHOBJICHO, UTO CITEKTP COMATHUECKOH XpOMOCOMHOM HeCTaOMITLHO-
CTH B TUM(ONHTAX MEPUPEPUIECCKON KPOBU TEIAT MOCIIE BAKIIMHAIINY U PEBAKIIMHAIIH ITPEICTaB-
JIEH MOJIMIUIOUANEHN, THIIOTIIIONIUEN U TUIEPIUIONINEH, XPOMAaTUAHBIMU U XPOMOCOMHBIMU pa3pbl-
BaMH, OIMHOYHBIMU U TMAPHBIMH (parMEeHTaMH XpOMOCOM. BBISBIEHO, YTO CHEKTp COMATHYeCKON
XPOMOCOMHOM HECTaOMIBHOCTH TMOCJIE JBYKPATHBIX HMMYHU3AIMH HHAKTHBUPOBAHHOW BaKIIMHOW
MIPOTUB CaJbMOHEIIe3a He OTINYAJICS OT CIEeKTpa CIIOHTAHHO BO3HUKAIOMIMX MYTalWH y JaHHO-
ro BuAa. Baknunanus u nocnenyronasi peBakIMHALMS TEISIT B CPABHEHUU € TOBAKIIMHALIMOHHBIM
MIEPUOJOM HE IPHUBOAWINA K JOCTOBEPHOMY YBEIMUYECHUIO YACTOT AHEYIJIOMIHBIX U HOJUILUIOUIHBIX
kieTok. [lpu aByKpaTHOM MMMYHHM3aLUH TEIAT B TMM(OLUTAPHBIX KIETKAaX KPOBH KUBOTHBIX OT-
ME€YeH BOJHOBOH XapakTep B BapHallMM YacTOT T€HOMHBIX MYTallMil OT MaKCUMaJIbHBIX 10 MUHU-
MaJIbHBIX 3HAYEHUH aHAJIOTUYHO MPOAJIEHHOMY MyTareHe3y. OOHapyKeHa TeHICHIINS YBEIUYCHHS
4acTOTHI CTPYKTYPHBIX HapyIIEHUH XpOMOCOM uepe3 2, 9 CyT mocie BakIMHAIWN U 2 CYT Tocie
peBakiHanuy. OTMEUeHO TOCTOBEPHOE BO3pacTaHue B 2,9 pa3a 4acTOTHI KJIETOK C XPOMOCOMHBIMHU
abeppanusMu B TUMQOIUTAX KPOBH KHBOTHBIX Yepe3 9 CyT Mociie X MOBTOPHONH MMMYHHU3AIHH
3a CUET Pa3pbIBOB M MapHBIX GparmMeHToB XpoMocoM. [locie BakuuHauy 1 peBaKIMHALUN XpOMa-
TH/IHBIC Pa3pbIBBI HAHOOJIEE YaCTO PErUCTPUPOBAIIUCH B METUAIBHBIX palloHaX OJHON U3 XpOMaTH/I,
XPOMOCOMHBIE Pa3pbIBbI B METUATBHBIX U TEJIOMEPHBIX paiioHax 00enX XpoMaTH/I.

KuioueBble ¢JI0Ba: TCHOMHBIE MyTaIlUH, XPOMOCOMHBIE MyTalud, TUMMOIUTE epudepude-
CKOM KpOBH, TEJISITA, BAKI[UHALUS, PEBAKIIMHALIS, CATIbBMOHEIIIE3

CYTOGENETIC ABNORMALITIES IN YOUNG CATTLE DURING
VACCINATION AGAINST SALMONELLOSES

Kulikova S.G., <) Loginov S.I., Nazarenko Yu.S., Kalinina N.S.
Novosibirsk State Agrarian University

Novosibirsk, Russia

<D e-mail: logsi-nsk2@yandex.ru

The spectrum and the frequencies of cytogenetic abnormalities in young cattle immunized with a
vaccine against salmonellosis of calves were investigated. The study was carried out on the farm of
Novosibirsk region on 10 clinically healthy Holstein black-and-white calves of 10—17 days of age.
A concentrated formol-alum vaccine against salmonellosis (paratyphoid) of calves was used at a
dose of 2 ml (reimmunization at a dose of 2 ml) with an interval of 10 days between injections. The
vaccine was made from the culture of bacteria of the Salmonella dublin strain Ne 373, inactivated
with formalin with the addition of potassium alum and calcium chloride. Cytogenetic analysis of
peripheral blood in calves was carried out before vaccination (control), 2 and 9 days after vaccination,
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2 and 9 days after revaccination. It was found that the spectrum of somatic chromosomal instability
in peripheral blood lymphocytes of calves after vaccination and revaccination is represented by
polyploidy, hypoploidy and hyperploidy, chromatid and chromosomal breaks, single and paired
fragments of chromosomes. It was revealed that the spectrum of somatic chromosomal instability
after double immunizations with an inactivated vaccine against salmonellosis did not differ from
the spectrum of spontaneously occurring mutations in this species. Vaccination and subsequent
revaccination of calves in comparison with the pre-vaccination period did not lead to a significant
increase in the frequency of aneuploid and polyploid cells. During double immunization of calves,
a wave pattern in the variation of genomic mutation frequencies from maximum to minimum
values in the lymphocytic blood cells of animals was noted, similar to prolonged mutagenesis. A
tendency was found for the frequency of structural chromosome abnormalities to increase 2 and 9
days after vaccination and 2 days after revaccination. There was a credible 2.9-fold increase in the
frequency of cells with chromosomal aberrations in the blood lymphocytes of animals 9 days after
their repeated immunization due to breaks and paired fragments of chromosomes. After vaccination
and revaccination, chromatid breaks were most often recorded in the medial regions of one of the
chromatids, and chromosomal breaks in the medial and telomeric regions of both chromatids.

Keywords: genome mutations, chromosomal mutations, peripheral blood lymphocytes, calves,
vaccination, revaccination, salmonellosis
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INTRODUCTION ried out to study the cytogenetic consequences

An increase in livestock production in mod- of infectious diseases and vaccinations [5-8].

ern conditions is based on improving the ge-
netic potential of animals and creating highly
productive herds resistant to diseases' [1-4].

It has now been established that a number
of infectious diseases are caused by pathogenic
microorganisms. Their impact contributes to the
appearance of abnormalities in the chromosom-
al apparatus of humans and laboratory animals.
In medicine, numerous studies have been car-

It has been suggested that antigens and toxins
of some infectious agents and vaccines may
be mutagenic. Reactive metabolites of oxygen
and nitrogen, formed in the foci of inflamma-
tion and in the course of the immune response,
can cause an increase in the frequency of DNA
damage and cytogenetic disorders [5, 6].

The influence of infectious agents, including
vaccines, on the instability of karyotypes in hu-

"Patent RU No. 2 083 102 C1 IPC A 01 K 67/02. The method of complex selection of bulls-producers for the resistance of
offspring to diseases / V.L. Petukhov, L.K. Ernst, A.G. Nezavitin, A.I. Zheltikov, O.S. Korotkevich, S.G. Kulikova, V.G. Marenkov,
N.N. Kochnev, V.P. Shishkov, V.T. Khristenko; applicant and patentee Scientific Research Institute of Veterinary Genetics and
Breeding. No. 95113836/13; declared 08/01/1995; publ. 10.07.1997, Bul. No. 19. 10 p.
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mans and laboratory animals is often ambigu-
ous. According to N.N. Ilyinskikh [5], this is
explained not only by the strain characteristics
of infectious agents, but also by the specific-
ity of the genotype of the organism, its age, the
functional state of protection and resistance to
the mutagenic influence of infectious factors.

In veterinary medicine and farm animal ge-
netics, there are few publications on the subject,
despite the need for research due to the wide-
spread use of vaccination in agriculture*? [9].

Salmonellosis (paratyphoid fever) is one of
the most common infectious diseases of young
cattle in Siberia [10]. It is caused by bacteria of
the genus Salmonella (S. dublin, less often S.
typhimurium and bacteria of other serological
types), which primarily affect young animals
aged from 10 days to 5 months. In young ani-
mals, the acute course of the disease is char-
acterized by fever, septicemia, toxicosis and
diarrhea, subacute and chronic - pneumonia
and arthritis; in adult females, abortion. Vacci-
nation is still the most effective way to prevent
the spread of infectious diseases in farm animal
populations. To date, the cytogenetic conse-
quences of vaccinations against salmonellosis
in cattle have not been investigated.

The aim of the work is to study cytogenetic
disturbances in young cattle when vaccinated
against Salmonellosis.

The research objectives are:

— determination of the spectrum of cytoge-
netic disorders in peripheral blood lymphocytes
in calves at different periods of immunization
against salmonellosis,

— investigation of the effect of double immu-
nizations with an inactivated vaccine against
salmonellosis on the frequency of cytogenetic
disorders in immunocompetent cells in young
cattle.

MATERIAL AND METHODS

The studies were conducted on 10 clinically
healthy 10-17-day old Holsteinized black-mot-
ley calves in a farm in Novosibirsk district, No-
vosibirsk region. Blood for cytogenetic analysis
was taken from each animal five times: before
vaccination (control), 2 and 9 days after vac-
cination, 2 and 9 days after revaccination with
the salmonellosis vaccine.

A concentrated formolvac vaccine against
salmonellosis (paratyphoid) of calves was used
in a dose of 2 ml (reimmunization in a dose of
2 ml) with an interval of 10 days between injec-
tions. The vaccine is made from bacterial cul-
ture of Salmonella dublin strain No. 373 inacti-
vated with formalin (0.4% by volume) with the
addition of potassium alum and calcium chlo-
ride (0.1% by volume) as an adjuvant.

The material for the cytogenetic study was
the peripheral blood lymphocytes of animals
stimulated by phytohemagglutinin. Preparations
of metaphase chromosomes were prepared ac-
cording to the method of P.S. Moorchead et al.
[11] with modifications. The preparations were
stained with Giemsa stain. The classification of
somatic mutations was carried out according
to the criteria proposed by N.P. Bochkov and
A.N. Chebotarev [12]. As a result of a cytoge-
netic study of calves in different periods, 9472
metaphase plates were analyzed in detail. The
frequencies of numerical and structural chro-
mosome abnormalities were calculated per 100
cells. Frequencies of cytogenetic abnormalities
are given in tables with percentage errors.

The research results were processed by stan-
dard methods of variation statistics using Mi-
crosoft Office Excel 2010. The significance of
differences between the frequencies of cytoge-
netic indicators in the groups was evaluated by
Fisher's method with ¢-transformation of fre-

2Nazarenko Yu.S., Kulikova S.G., Loginov S.I. The influence of vaccinations on somatic chromosomal instability in animals
and humans // The role of agricultural science in the sustainable development of rural areas: collection of articles. V All-Russian
(national) scientific. conf. (Novosibirsk, December 18, 2020). Novosibirsk: RC NSAU "Zolotoy Kolos", 2020. P. 516-519.

*Kulikova S.G., Loginov S.I., Nazarenko Yu.S. The influence of vaccination against salmonellosis on the associative ability of
acrocentric chromosomes in cattle / Theory and practice of modern agricultural science: collection of articles. IV national (All-
Russian) scientific. conf. from international participation (Novosibirsk, February 26, 2021). Novosibirsk: RC NSAU " Zolotoy

Kolos ", 2021. P. 908-912.
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quencies. For the zero-frequency value the er-
ror was calculated by the method of B.L. Van
der Waerden [13].

RESULTS AND DISCUSSION

Studies of peripheral blood lymphocyte cul-
tures of clinically healthy Holsteinized black-
motley calves found that the spectrum of cy-
togenetic abnormalities in animals after vacci-
nation and revaccination against salmonellosis
is represented by polyploidy, hypoploidy and
hyperploidy cells, chromatid and chromosome
breaks, single and paired chromosome frag-
ments regardless of the time since the vaccine
administration. Polyploid and aneuploid cells
were detected among the numerical abnormali-
ties in individuals both before and after vacci-
nation and revaccination against salmonellosis
(see Table 1.).

It was found that vaccination and revaccina-
tion of young cattle against salmonellosis did
not lead to a significant increase in the frequen-

cy of genomic mutations in the somatic cells of
animals. On the contrary, a tendency was found
for a gradual decrease in the frequency of cells
with an altered chromosome number 2 and 9
days after vaccination of calves against salmo-
nellosis. 9 days after revaccination of animals,
a significant decrease in the frequency of cells
with genomic mutations to 7.18% was noted,
control - 9.62% (p <0.05).

The maximum frequency of cells with a
changed number of chromosomes (14.0%)
was found 2 days after revaccination of calves
against salmonellosis, which exceeded the
same indicator in animals 9 days after their vac-
cination and revaccination by 1.7 and 2.0 times,
respectively (p < 0.05-0.01).

Among the cells with an altered chromo-
some number, aneuploid cells with hypoploid
sets predominated (35.6-51.8%). The average
frequency of hypoploid cells in calves before
vaccination was 4.98%. The frequency of hypo-
ploid cells was 1,9 times lower in the animals 9
days after revaccination against Salmonellosis

Taoa. 1. YacTora KIETOK C U3MEHEHHBIM YHCIIOM XpOMOCOM Yy MOJIOAHAKA KPYITHOTO pOraroro CKoTa
A0 U MOCJIC BaKIMHAIUU, PCBAKIIMHAILIUN ITPOTUB CAJIbMOHCIIIIC34a, %

Table 1. Frequency of cells with changed number of chromosomes in young cattle before and after
vaccination, and revaccination against salmonellosis, %

Period of study
Indicator before vacci- after vaccination after revaccination
( Cn (?Izit(r)(r)ll) after 2 days after 9 days after 2 days after 9 days
Polyploid cells 3,40 £ 0,57 4,40+ 0,75 3,16£0,63 | 6,00+1,68 | 2,52+0,47
Aneuploid cells, including: 6,22 1,10 4,47+ 1,06 494+ 1,10 | 8,00£2,71 | 4,66+091
hypoploid cells, including types: | 4,98 +0,99 | 3,16+0,90 | 3,38+0,92 | 6,00+2,37 | 2,61 +0,69*
2n-1 1,04 £ 0,46 2,11 £0,74 1,30+£0,58 | 1,00+0,99 | 1,12+0,45
2n-2 2,49+0,71 | 0,00+ 0,26*** | 1,30+0,58 | 4,00+ 1,96 | 0,56 +0,32%*
2n-3 and more 1,45+ 0,54 1,05+ 0,52 0,78+ 0,45 | 1,00+0,99 | 0,93 +0,41
hyperploid cells, including types: 1,24 +£0,51 1,32 + 0,58 1,56+ 0,63 | 2,00+1,40 | 2,05+0,61
2n+1 1,04 £ 0,46 0,53 +£0,37 1,04 £0,52 | 2,00+1,40 | 1,68 +0,55
2n+2 0,00 +0,21 0,53+0,37* |0,52+0,37*%| 0,00£0,97 | 0,19+0,19
2n+3 and more 0,21 +0,21 0,26 + 0,26 0,00 +0,26 | 0,00+0,97 | 0,19+0,19
Cells with an altered number of 962093 | 887+1,04 | 810099 |14,00245| 7,18 +0,77%
~ Hereinafter *p < 0,05.
55 < 0,01.
**¥p <0,001.

Significant differences are indicated in comparison with the period before vaccination (control).
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compared with the control (p <0,05). There was
no significant increase in the frequency of hy-
perploid cells in animals after their vaccination
and revaccination after 2 and 9 days compared
with the period before drug administration (see
Table 1), but there was a clear tendency for a
gradual increase in the frequency of this cell
type after primary and repeated calf immuniza-
tion (p > 0.05).

Different types of hypoploid and hyperploid
cells were detected, the frequencies of which
varied in different periods of study in young
cattle (see Table 1). The frequency of cells with
a loss of two chromosomes was found to de-
crease in 2 days after vaccination and in 9 days
after revaccination of calves against Salmonel-
losis, to 0,0 and 0,56%, respectively, in the pre-
vaccination period - 2,49% (p < 0,01-0,001).
The highest frequency (4.0%) of cells with a
deficiency of two chromosomes was observed 2
days after revaccination of animals, which was
7.14 times higher than 9 days after revaccina-
tion of calves against Salmonellosis (p < 0.05).

No significant differences were found in the
frequency of cells with an excess of one or three
or more chromosomes in calves before vacci-
nation compared with animals vaccinated and
revaccinated against Salmonellosis. Cells with
an excess of two chromosomes (2n+2) were de-
tected 2 and 9 days after vaccination of calves
against Salmonellosis, with the frequency of
0.53 and 0.52%, respectively, while they were
absent in controls (p < 0.05).

Another type of genomic mutation reported
in the present studies is polyploidy (see Ta-
ble 1). No significant differences were found in
the frequency of polyploidy cells in calves at
all periods after vaccination and revaccination
against salmonellosis compared to controls (p >
0.05). At the same time, a 2.38-fold reduction
in the frequency of polyploid cells was found
in calves 9 days after revaccination, compared
with animals examined 2 days after revaccina-
tion against Salmonellosis (p < 0.05).

Analysis of the polyploid cell spectrum (see
Table 2) showed that tri- and tetraploid cells
were detected in the animals without exception
in all periods of the study (before vaccination, 2
and 9 days after vaccination and revaccination
against salmonellosis). Cells with higher ploidy
(5n and/or 6n) were recorded only in calves
before vaccination and 2 days after their vac-
cination and revaccination against salmonello-
sis. The proportion of tetraploid cells was 75.7-
95.9% of the total number of polyploid cells.

Along with genomic abnormalities in young
cattle before vaccination, after vaccination and
revaccination with inactivated vaccine against
salmonellosis, chromosomal mutations were
revealed. In the present studies, the spectrum
of chromosomal aberrations is represented by
single and paired fragments, chromatid and
chromosomal breaks (see Table 3).

The frequencies of cells with aberrations and
the total number of chromosome aberrations in
the examined young calves had a tendency to

Taoa. 2. CHCKTp 1 4aCTOTa MOJUINIOUAHBIX KJIICTOK Y MOJIOAHSAKA KPYITHOI'O pOraroro CKoTa a0
1 MOCJIC BaKIIMHALINU, PCBAKIITUHAIIUW TPOTUB CaJIbMOHCIIJIC3a, %

Table 2. Spectrum and frequency of polyploid cells in young cattle before and after vaccination,

and revaccination against salmonellosis, %

. Cell ploidy
Period of study
3n 4n S5n 6n and more
Before vaccination (control) 0,40 + 0,20 2,80+0,52 0,10+0,10 0,10+0,10
After vaccination:
after 2 days 0,40 £0,23 3,33 +£ 0,66 0,27 £ 0,19 0,40 £ 0,23
after 9 days 0,13+0,13 3,03 +£0,62 0,00+0,13 0,00 +0,13
After revaccination:
after 2 days 0,50 + 0,50 5,00 + 1,54 0,00 + 0,50 0,50 + 0,50
after 9 days 0,36 + 0,18 2,16 £0,44 0,00 + 0,09 0,00 + 0,09
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a gradual increase in 2, 9 days after vaccina-
tion and in 2 days after calf revaccination, in
9 days after revaccination the animals signifi-
cantly exceeded the control in 2,9 and 2,5 times
(p <0,01). This increase was due to an increase
in the frequency of cells with chromosome
breaks and their total number in vaccinated
and revaccinated calves against salmonellosis.
Before vaccination, the frequency of cells with
chromosome breaks was 1.04 + 0.46%, but 9
days after vaccination it was 1.82 + 0.68% (p >
0.05), and 9 days after revaccination it was
2.98 £0.73% (p < 0.05).

Chromatid and chromosomal aberrations
were recorded in calf lymphocytes during the
whole period of observation, both before vacci-
nation and after vaccination and revaccination
against Salmonellosis. There was no significant
increase in the frequencies of each of these
types of chromosome aberrations separately in
the postvaccination and revaccination periods
compared to the pre-vaccination period. On the
whole, a significant increase in the frequency of
these aberrations in 9 days after revaccination
of animals against Salmonellosis in comparison
with control was found. It should be noted that
2 days after calf vaccination against Salmonel-

losis no chromatid chromosome breaks were
detected in comparison with the pre-vaccina-
tion period, where their incidence was 0.62 +
0.36%.

Analysis of the chromosome breaks local-
ization showed that they were recorded in large
and medium chromosomes in the pericentro-
meric, medial and telomeric regions of the long
arms of one or both chromatids. Chromosome
breaks of the chromatid type are found mainly
in the medial regions of one of the chromatids
(almost 80% of all chromatid breaks). Breaks
in telomeric regions were found in calves only
before vaccination with a frequency of 0.41 +
0.29%, in near-centromeric regions of chroma-
tids - only 9 days after revaccination of young
animals against salmonellosis with a frequency
of 0.56 = 0.32%. Breaks of the chromosomal
type were most often localized in the medial
(43% of cases) and telomeric (46%) regions of
both chromatids, much less frequently (11%)
in the pericentromeric regions. In the studied
animals, both before and after vaccination and
revaccination, cells with one and two chromo-
some breaks were recorded, and lymphocytes
with one break prevailed, the proportion of
which varied from 80 to 100%. No cells with

Ta6a. 3. Yacrora abeppaluii XpoOMOCOM Yy MOJIOJIHSIKA KPYITHOTO POraToro CKoTa JI0 U Mociie
BaKIIMHAIINY, PEBAKIIMHAIINY IIPOTUB CaIbMOHEIe3a, %

Table 3. Frequency of chromosome aberrations in young cattle before and after vaccination,

and revaccination against salmonellosis, %

Period of study
Indicator before after vaccination after revaccination
vaccination
(control) after 2 days after 9 days after 2 days after 9 days

Cells with chromosome aberrations 1,66 +0,58 | 2,11+0,74 | 2,86 +0,85 | 3,00+ 1,71 | 4,84 +0,93**
Chromosome aberrations 2,07+0,65 | 2,37+0,78 | 2,86+0,85 | 4,00+ 1,96 | 5,21 £ 0,96**
Cells with fragments of chromosomes 0,83+0,41 | 1,05+0,52 | 1,04+0,52 | 1,00£0,99 | 1,86+0,58
Fragments of chromosomes
Including: 0,83 +0,41 | 1,05+0,52 | 1,04+0,52 | 1,00£0,99 | 1,86+0,58

single fragments 0,62+0,36 | 0,53+0,37 | 0,52+0,37 | 0,00£0,97 | 0,56+0,32

paired fragments 0,21 £0,21 | 0,53 +0,37 | 0,52+0,37 | 1,00£0,99 | 1,30 £ 0,49*
Cells with chromosome breaks 1,04+0,46 | 1,32+0,58 | 1,82+0,68 | 3,00+ 1,71 | 2,98 +0,73*
Chromosome breaks
Including: 1,24+0,51 | 1,32+0,58 | 1,82+0,68 | 3,00+ 1,71 | 3,36 +0,78*

chromatid breaks 0,62 +0,36 [0,00+0,26%| 0,52+0,37 | 2,00+ 1,40 | 1,68+0,55

chromosomal breaks 0,62+0,36 | 1,32+0,58 | 1,30+0,58 | 1,00+ 0,99 1,68 £0,55
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three or more chromosome breaks were detect-
ed. There was a 3.1-fold higher frequency of
cells with one chromosome break 9 days after
calf revaccination against Salmonellosis, com-
pared with the period before vaccination (p <
0.05).

There were no significant differences in the
frequencies of single and paired chromosome
fragments in calves in all periods of the study
compared to controls (see Table 3). No differ-
ences were found after vaccination and revac-
cination when comparing these parameters be-
tween them, except for the frequency of cells
with paired chromosome fragments, which was
6.2 times higher 9 days after revaccination than
before vaccination (p < 0,05). It was found
that cells with only one fragment were found
in calves before vaccination and then at all pe-
riods after their vaccination and revaccination
against salmonellosis.

As aresult of the conducted studies of cattle,
the mutagenic effect of routine vaccinations
against salmonellosis of calves was assessed.

It was found that in peripheral blood lym-
phocytes of young cattle the spectrum of cy-
togenetic disorders induced by the inactivated
vaccine against salmonellosis of calves is repre-
sented by polyploid, hyperploid and hypoploid
cells, single and paired fragments of chromo-
somes and chromatid and chromosomal breaks.

It was revealed that the spectrum of somatic
chromosomal instability after double immuni-
zations with an inactivated vaccine against sal-
monellosis did not differ from the spectrum of
spontaneously occurring mutations in this spe-
cies [14-17].

To date, the mutagenic properties of many
viral and bacterial vaccines have been studied
in humans, in particular against measles, small-
pox, poliomyelitis, influenza, rabies, mumps,
yellow fever, herpes simplex, tick-borne en-
cephalitis, brucellosis, typhoid fever and others
[5-8, 18 ]. These studies showed that in most
cases live vaccines had a pronounced muta-
genic effect, while inactivated vaccines did not
cause an increase in the frequency of cytoge-
netic disorders in the lymphocytes of vaccinat-

ed people. But according to J. Chun et al. [19],
no increase in the number of cytogenetic disor-
ders was found in 7 children vaccinated with a
live measles vaccine.

The results of these studies indicate an am-
biguous effect of vaccination and repeated re-
vaccination after 10 days with an inactivated
vaccine against salmonellosis on the frequency
of genomic and structural mutations in clinical-
ly healthy Holsteinized black-and-white calves.
There was no increase in the frequency of an-
euploid and polyploid cells after vaccination
and revaccination of calves with an inactivated
salmonellosis vaccine in comparison with the
pre-vaccination period. A tendency towards a
gradual decrease in the frequency of cells with
altered chromosome number in calves in all pe-
riods following vaccination against salmonel-
losis has been detected. A sharp increase in the
frequency of these cells (both aneuploid and
polyploid cells) was noted 2 days after revacci-
nation, followed by a significant decrease in the
frequency of cells with genomic mutations 9
days after revaccination in comparison with the
period before vaccination. A significant change
in the frequency of polyploid cells in different
periods after revaccination of animals against
salmonellosis was established. The significant
variations in the frequencies of genomic muta-
tions in young cattle revealed in studies after
repeated immunization are consistent with the
statement that with prolonged mutagenesis,
which is possible during revaccinations, its
intensity is characterized by a wave character
with fluctuations in aberration levels from max-
imum to minimum [20].

The fact that the frequency of cells with an
altered number of chromosomes in young cattle
decreased significantly 9 days after revaccina-
tion against salmonellosis in comparison with
intact animals, established in the study, may be
caused by age features and/or different func-
tional state of the immune system of the studied
calves, responsible for the elimination of cells
with cytogenetic abnormalities. An enhance-
ment of the genome-protective system and oth-
er mechanisms cannot be excluded [18].
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The results of these and earlier studies [15]
and data from other scientists [17, 21] indicate
that spontaneous and agent-induced mutagen-
esis of various nature in cattle most often re-
vealed cells with a tetraploid set of chromo-
somes among polyploid cells.

At the same time, with regard to chromo-
some aberrations, it was found that immuniza-
tion of calves with inactivated vaccine against
Salmonellosis tended to gradually increase the
frequency of chromosome structural disorders
in 2, 9 days after vaccination and in 2 days af-
ter revaccination. This resulted in a significant
increase in the frequency of cells with chromo-
some aberrations in animal blood lymphocytes
9 days after re-vaccination due to breaks and
paired chromosome fragments. A similar result
was obtained by N.N. Ilinskikh [5] during cyto-
genetic examination of healthy donors vaccinat-
ed against brucellosis. As early as 2 days after
vaccine introduction, a significant increase in
chromosome structural disorders was detected:
the frequency of cells with chromosome breaks
to 0.9 = 0.2% vs. 0.1 = 0.06% in the control
and 2.3 £+ 0.2% with chromatid breaks to 1.0 +
0.01% in the control.

Studies by a number of scientists have shown
that mutagenic factors are capable of specifical-
ly affecting individual chromosomes and their
zones [5, 18]. When studying the mechanisms
of the karyopathogenic effect of a brucellosis
vaccine (strain 19 BA) in humans, large chro-
mosomes of group A were affected more fre-
quently, and disorders in small chromosomes of
groups F and G were extremely rarely observed
[5]. A similar pattern was detected in the present
studies. The specificity of lesions of large and
medium chromosome groups and their regions
in young cattle after vaccination and revaccina-
tion against salmonellosis has been established.
According to N.N. Ilinskikh [5], the biochemi-
cal structure of the infectious agent itself and
its immunogenicity are of great importance in
chromosome lesions. It was found that in calves
after vaccination and re-vaccination against
salmonellosis, chromatid breaks were most
often registered in the medial regions of one

of the chromatids, while chromosomal breaks
were found in the medial and telomere regions
of both chromatids. Apparently, the specificity
of lesion of some chromosome regions by anti-
genic factors of inactivated vaccines as well as
by some infectious agents is associated with pe-
culiarities of structure and functioning of these
chromosome regions. Some studies have shown
that infectious agents, by altering cell metabo-
lism, can initiate a chain of reactions that lead
to visible damage to chromosomes [22].

Consequently, revaccination with inactivat-
ed salmonellosis vaccine induces cytogenetic
abnormalities in reimmunized calves, causing
a significant increase in the frequency of cells
with chromosomal aberrations in peripheral
blood lymphocytes of the animals. A cumula-
tive effect of double vaccination with inacti-
vated bacterial vaccine in cattle seems to be ob-
served, resulting in an increased frequency of
DNA damage due to the mutagenic properties
of the vaccine antigens during the formation of
the immune response.

CONCLUSION

As a result of studying the spectrum and
frequency of cytogenetic disorders in somatic
cells in clinically healthy Holsteinized black-
and-white calves before vaccination, after vac-
cination and revaccination with an inactivated
vaccine against salmonellosis, the mutagenic
effect of routine immunizations against this dis-
ease in cattle was evaluated.

The spectrum of cytogenetic disorders in-
duced by the inactivated vaccine against sal-
monellosis in young cattle in peripheral blood
lymphocytes is represented by polyploid, hy-
perploid and hypoploid cells, single and paired
chromosome fragments and chromatid and
chromosomal breaks. The spectrum of cytoge-
netic disorders caused by double immunization
with the vaccine against salmonellosis of calves
did not differ from the spectrum of spontane-
ously occurring mutations in this species.

Different effects of vaccination and re-vac-
cination after 10 days with an inactivated vac-
cine against salmonellosis on the frequencies
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of genomic and structural mutations in immu-
nocompetent cells in young cattle were found.
Vaccinations and subsequent revaccinations of
calves with an inactivated vaccine against sal-
monellosis in comparison with the pre-vacci-
nation period did not cause an increase in the
frequencies of aneuploid and polyploid cells.

The intensity of prolonged mutagenesis dur-
ing revaccination of calves against salmonello-
sis was characterized by a wave character with
fluctuations in the frequencies of cells with ge-
nomic mutations from maximum to minimum
values.

Revaccination with an inactivated salmonel-
losis vaccine has a mutagenic effect on the chro-
mosomal apparatus of re-immunized calves,
causing a significant increase in the frequency
of cells with chromosomal aberrations in the
peripheral blood lymphocytes of animals due to
breaks and paired fragments of chromosomes.

The specificity of damage to certain regions
of chromosomes in young cattle after vaccina-
tion and revaccination against salmonellosis
was revealed. In calves after double immuniza-
tion, chromatid breaks were most often record-
ed in the medial regions of one of the chroma-
tids, and chromosomal breaks - in the medial
and telomeric regions of both chromatids.
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ANCCOIUUPOBAHHBIE ®OPMbI MOPAKCEJLJI, BBIIEJIEHHBIE
N3 IMMOPAKEHHBIX IJIA3 KPYITHOI'O POT'ATOTI'O CKOTA

, & Carraposa P.C.

Kaszaxckuii Hayuno-ucciedosamenbekull 6emepuHapHblil UHCHUNYm
Anmarsl, Pecniy6nuka Kazaxcran
(<) e-mail: kaznivialmaty@mail.ru

[IpoBeneHo M3yUYeHHE TUCCOIMAIIMN ATTH300THYECKUX KYIIBTYp Mopakceil. MccnenoBanus mpo-
BEJICHBI B XO3HUCTBYIONNX CyObekTax AnmMaTuHCKoi obnactu Pecrybmmku Kazaxcran Ha 233 rour.
KpPYIHOTO POTaToro CKOTa C KIMHHYECKUMHU TMPU3HAKAMHU KePaTOKOHBIOHKTHBHTA. V3051110 BO3-
OyauTesnst Mopakcesuie3a OCYIIeCTBIISIIN 0aKTepHOIOTHYECKIMH CMBIBAMU U3 KOHBIOHKTUBAJIBHOTO
MCIIIKa 171a3 )KUBOTHBIX. HaGOpaTOpHI)IC HCCJIICA0BaHUS IMTPOBOAUIIN COITIACHO YTBEPIKICHHBIM METO-
JUUYECKUM YKa3aHHUsSM. YCTaHOBICHO, 4yTo OakTepun poaa Moraxella nucconuupyIoT Py BhIpaILU-
BaHUM Ha TBEPJIOW MUTATENBHON cpelie B TeueHne 0osee 6 4 B YCIOBUSAX TEPMOCTaTa MPH TeMIepa-
type 37 °C. bakrepun nzydeHbl crloco0aMu: OKpalnBaHue 1Mo Y alT-Buiicony, TepMoarmiroTiHa-
us ¥ poda ¢ akpudaaBuHOM. [IpH olleHKe BRIPOCIINX KOJIOHWH 10 Y aliT-BUiICOHY ycTaHOBIIEHO
JUTS KpUCTAJIBHOJIETa onTUManibHoe passenenue 1 : 2000, s kpacku rennuansuonet — 1 : 1000.
B sTOoM cityuae koioHHH B S-hopMe UMEIOT TeMHO-(HOJIIETOBBIN IIBET C METAJUINYECKUM OTTEHKOM,
a IMCCOLIMMPOBaHHbIC KOJIOHUH B R-opme He okpammBatotcs. [Ipyn Hanmmunm aucconuupoBaHHbIX
KJIETOK OTMEUEHBI ITPEIHUITUTAIHS (TEePMOATTIIIOTHHAIINS ), 00pa30BaHUE 0CaJIKa U POCBETICHNE Ha-
nocanounoi xkuakoctu rmpu 90 °C B teuenue 30 muH. B3Bech He TUCCOLMUPOBAHHBIX KOJIOHUN MTPH
9TOM OcTaBaiach MyTHOH. [Ipu B3BemMBaHIHM MUKPOOHBIX KIETOK H30JIMPOBAHHBIX OaKTepHaTbHON
MeTe U3 OTJENbHBIX BBIPOCIINX KOJIOHUW B pacTBOpe akpudIiaBuHa, AUCCOIMMPOBAHHbIE OaKTe-
pHUH CKJIICMBAIOTCSI, 00pasyst KOoHIIIoMepaThbl. [Ipn n3ydeHnn aHTUreHHOW aKTUBHOCTH S-, R-hopm
MOpAaKCEeJUI BBISIBIICHO, YTO aKTUBHOCTh S-aHTUT'€HA 3HAYUTEIBHO MPEBhIIIaia TAaKoBYI0 13 R-hopm.
JlaHHBIE O AMCCOIMANINN KYJIBTYpP MOPAKCEII MOTYT OBITh HCITOJIb30BaHbI IPU Pa3padOTKe JUarHO-
CTHYECKHX ¥ MPO(UIAKTHYECKUX TIPETapaToB IMPH MOPAKCEIIe3e KPYITHOTO POTaToro CKOTa.

KuaroueBble cinoBa: Moraxella, pedhepeHTHBIC TITAMMBI, TUCCOITHAITNS, SITU300THICCKUE KYITh-
TypHl, S-R-KonoHuu

DISSOCIATED FORMS OF MORAXELLA ISOLATED FROM THE AFFECTED
ATTLE

Ivanov N.P., (XX) Sattarova R.S.

Kazakh Scientific research Veterinary Institute
Almaty, Republic of Kazakhstan

(<) e-mail: kaznivialmaty@mail.ru

The dissociation phenomenon of epizootic cultures of Moraxella was studied. The study was
conducted in economic entities of Almaty region of the Republic of Kazakhstan for 233 heads
of cattle with clinical signs of keratoconjunctivitis. Isolation of the causative agent of Moraxella
was performed by bacteriological washes from the conjunctival sacs of the eyes of animals. The
laboratory study was carried out according to the approved methodological guidelines. It was found
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that bacteria of the genus Moraxella dissociate when grown on a solid nutrient medium for more
than 6 hours in a thermostat at 37 °C. The bacteria were studied by the following methods: staining
according to White-Wilson, thermoagglutination and acriflavine assay. When evaluating the grown
colonies according to White-Wilson, the optimal dilution for crystal violet was found to be 1 : 2000,
and for gentian violet stain 1 : 1000. In this case, the colonies in the S-form have a dark purple
color with a metallic tint, and the dissociated colonies in the R-form do not stain. In the presence
of dissociated cells, precipitation (thermoagglutination), sediment formation and clearing of the
supernatant fluid at 90 °C for 30 minutes were noted. The suspension of undissociated colonies
remained cloudy. When weighing microbial cells isolated by a bacterial loop from individual grown
colonies in a solution of acriflavine, dissociated bacteria stick together to form conglomerates. When
studying the antigenic activity of the S-, R- forms of Moraxella, it was revealed that the activity
of the S-antigen significantly exceeded that of the R-forms. Data on the dissociation of Moraxella
cultures can be used for the development of diagnostic and prophylactic drugs against moraxellosis
in cattle.
Keywords: Moraxella, reference strains, dissociation, epizootic cultures, S-R- colonies
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INTRODUCTION Moraxelosis has not previously been regis-
tered among cattle in Kazakhstan. Monitoring
of infectious keratoconjunctivitis moraxelosis
aetiology in the territory of the Republic of Ka-
zakhstan for 2016-2019 showed that the disease

was detected in nine regions. Clinical examina-

Many economic entities in the Republic of
Kazakhstan have imported cattle from non-CIS
countries to improve the genetic potential of
their breeds. The import of beef breeding stock
into the Republic of Kazakhstan with the caus-

ative agent of infectious keratoconjunctivitis
(Pink-eye), the movement of infected animals
has led to a significant spread and emergence
of stationary nidus of this disease. Factors of
various kinds that irritate the conjunctival mu-
cosa, such as mechanical trauma, insects, dry
and dusty particles, direct ultraviolet radiation
from sunlight, etc., contribute to the aggrava-
tion of the disease.

tion of both imported and local livestock of dif-
ferent sex and age groups and different breeds
(Aberdeen-Angus, Herefords, Holsteinfries,
Kazakh Whitehead, Auliekol breeds and local
non-bred animals) was conducted. Bacteriolog-
ical examination of biomaterial taken from af-
fected eyes and nasal cavity mucosa of animals
and its subsequent identification (morphologi-
cal, cultural, tinctorial, biological, serological
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Dissociated forms of Moraxella isolated from the affected eyes
of cattle

Ivanov N.P., Sattarova R.S.

studies)"? were carried out [1-8]. Data on the
variability of Moraxella cultures in the special-
ist literature are currently scarce.

Morphological differences in  the
B-haemolysis zone of colonies of the reference
strain Moraxella bovis Epp 63 have been de-
scribed by some authors. Thus, colonies of the
S (spreading) and C (corroding) forms were re-
corded to be 1-2 mm in diameter, smooth with
well-defined edges, and formed corrosive agar.
Type N (nonspreading and noncorroding) col-
onies were recorded with a slightly larger di-
ameter (2-4 mm). These colonies did not have
clearly delineated margins, did not corrode the
agar, and had a granular texture (9).

Under a light microscope, the colonies
present three characteristic concentric growth
zones (peripheral, middle and central circular)
(10).

The biological significance of dissociation
lies in the acquisition by bacteria of certain
selective advantages, which ensure their ex-
istence in their environment. Cases of greater
resistance of S-forms of bacteria to phagocy-
tosis by macrophages and to the bactericidal
action of serum have been described.

R-form bacteria, unlike the S-form, are
more resistant to the action of environmental
factors, but they are less resistant to cellular
immunity factors and persist longer in water
and milk [11]. Dissociation usually proceeds
in the S—R direction, sometimes through the
formation of colonies of intermediate forms of
bacteria, and is accompanied by changes in the
biochemical, morphological, antigenic, and
pathogenic properties of the microorganisms.

The reverse (reverse R to S) transition is
observed much less frequently. Most patho-
genic bacteria form S-colonies, except for the
pathogens of tuberculosis, plague, anthrax and
some others. Comparative electron microsco-

py of sections of genetically resistant R- and
S-forms of Brucella showed that they have
the same basic structural elements (cell wall,
cytoplasmic membrane, cytoplasm, nucleoid).
The coccoid forms of dissociated R cells of
brucells, more pronounced than those of the
S-forms of brucells, and C-shaped envelope
invaginations - with a bumpy-folded relief -
were recorded (bacterial cells of bacilliform
shape with a smooth-grained structural sur-
face were detected in the S-form) [12].

The aim of the research is to study the vari-
ability of epizootic cultures of Moraxella isolat-
ed from diseased eyes of cattle in the territory
of the Republic of Kazakhstan.

MATERIAL AND METHODS

Studies were conducted in economic entities
"Arkharly Maibuyrek", "Baiserke Agro" and
"Farmagro" of Almaty region (southern region
of Kazakhstan). After examination of 1,965
head of cattle from May to September 2019,
233 head with clinical signs of keratoconjunc-
tivitis were selected. Isolation of the causative
agent of moraxellosis was carried out by bac-
teriological washes from the conjunctival sac
of the eyes. Biomaterial was taken with ster-
ile wands with a plastic handle from a trans-
port tube with individually packaged Amies
medium (made in Italy). With rotating move-
ments of the sterile applicator, existing oozes
were removed from the affected eye. Obtained
samples of clinical pathological material were
transported in a thermo-compartment with ice
to the bacteriology laboratory within 3-4 hours.
Laboratory tests were performed according to
approved guidelines®.

Smears were prepared from each specimen
of pathological material, Gram stained and ex-
amined under an immersion microscope, not-
ing the presence or absence of morphologically

!Sattarova R.S., Dupleva L.Sh., Bakieva F.A., Khusainov LI.T., Zaripov A.S. Diagnosis of infectious keratoconjunctivitis in
cattle. Proceedings of the International. scientific-practical Conf., dedicated to the 90th anniversary of the birth of V.A. Kirshina.

Kazan, 2018, pp. 261-264.

*Ivanov N.P.,, Sattarova R.S., Bakieva F.A. Pathogenic of some properties of Moraxella bovis. Microbes and their viruses
ecology, diversity, applications. Centenary of Microbiology Research in Geargia. Tbilisi, 2019. 70 p.

3Spiridonov G.N., Gaffarov Kh.Z., Nikitin A.I., Papunidi K.Kh., Valebnaya L.V., Chernov A.N., Dupleva L.Sh., Spiridonov A.G.,
Makaev Kh. N. Guidelines for the diagnosis, treatment and specific prevention of infectious keratoconjunctivitis in cattle caused
by the bacteria Moraxella bovis and Moraxella bovoculi. M .: FGBNU. 2017. Pp. 21-26.
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similar organisms to Moraxella bovis. The ma-
terial was then inoculated on blood (5% defibri-
nated ram's blood) Hottinger's agar. The results
of the inoculations were recorded after 12-24
h of incubation at 37 o C, transferring typical
Moraxella -haemolysis zones to fresh nutrient
media for isolation of pure cultures. Two epizo-
otic cultures of Moraxella bovis isolated from
sick animals, reference strains Moraxella bovis
ATSS 17948TM and Moraxella bovoculi BAA
1259TM, obtained from "LGC Standards Sp.z.
0.0. (made in Poland). Acryflavin assay, ther-
moagglutination reaction and White-Wilson
colony staining were used to determine disso-
ciation.

The immunological activity of S- and R-
form Moraxella antigens was studied by com-
plement binding reaction and long-term com-
plement binding reaction (CFT/CLFT) with
homologous sera, which were obtained by im-
munizing rabbits [7, 9]. Acryflavin solutions
were prepared in the ratio of 1: 500, 1: 1000, 1:
1500, 1: 2000, 1: 3000, 1: 5000 in distilled wa-
ter. A drop of acryflavin solution was applied to
a degreased glass and a bacteriological loop of
Moraxella culture was thoroughly stirred in it.
During the first 4 min in the case of dissociation
a granularity appears in the form of conglomer-
ates of glued moraxellae.

For the thermoagglutination reaction, a bac-
terial suspension of Moraxella in physiological
solution equivalent to the McFarland turbidity
standard 4.0 was prepared from a daily agar
culture, poured into 8.0 cm3 tubes and heated
in a water bath at 90 °C for 30 min. The reac-
tion is recorded after 1 and 24 h after heating.

For White-Wilson staining, a suspension
of Moraxellae in sterile physiological solution
was prepared from a daily agar culture so that
a sufficient number (100-150) of isolated colo-
nies would grow in Petri dishes when sown on
agar. For this purpose, firstly, a suspension of
Moraxella was prepared with a concentration of
1 billion microbial cells in 1.0 cm?. Then, using
a tenfold dilution method, the composition was
adjusted to a concentration of 100-1000 CFU
by adding 0.5 cm® of Moraxella suspension to

4.5 cm® of physiological solution in each suc-
cessive test tube at a concentration of 10-6 and
10-7. From the last dilution of the suspension
(-10-6, -10-7) containing 100-1000 microbial
cells in 1.0 cm?, 0.1 cm?, three Petri dishes for
each variant were seeded on nutrient medium.

RESULTS AND DISCUSSION

When stained with aniline dye colonies of
Moraxella cultures were examined under a
MEIJI TECHNO light microscope (made in Ja-
pan) with a digital camera, S-shaped colonies
(see Figure 1, a) with three zones of colony
growth (see Figure 1, b) and colony periphery
with a spreading corrosive agar morphology
(see Figure 1, ¢) were recorded.

S-form colonies on solid media are convex
with well-defined edges, smooth 1-2 mm in di-
ameter (x 10) (see Figure 1). At x 40 the colo-
nies possessed three characteristic concentric
growth zones. At the periphery was a narrow
annular zone (peripheral ring) that surrounded
another, wider annular zone (middle ring). The
latter surrounded the central ring zone. From
the outer ring zone, bacteria formed superficial
colonies with a spreading corrosive agar mor-
phology (see Figure 1, c).

The results obtained for the dissociation of
the cultures of epizootic and reference strains
of Moraxella bovis and Moraxella bovoculi by
the acryflavin assay are shown in Table 1.

According to the results of the Moraxella
dissociation test with acryflavin, the 6-hour
bacterial cell cultures do not give agglutination,
i.e. the result is negative, the microbial suspen-
sion is homogenously turbid (see Table 1).

After 12 h of bacterial growth in this experi-
ment, slightly different results were obtained.
Placing the grown culture into a solution of
acriflavin causes partial agglutination of the
bacterial cells and the formation of grains (see
Table 1). In the experiment, 24-hour cultures
when mixed with acriflavin were completely
agglutinated and large grains of agglutinate in
the clear surrounding liquid were observed (see
Figure 2).
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Puc. 1. Kononuu S-popMbl KyJIbTyp MOPAKCEILT IOJT CBETOBBIM MUKPOCKOIIOM:
a — xononuu S-popmel tipu X 10, 6 — 30HBI KOTOHUU TIPU X 40, 6 — BHEIIHUHN Kpail KOJIOHUN

Fig. 1. S-form colonies of Moraxella cultures under a light microscope:
a — colonies of S-form % 10 magnification, 6 — colony zones at x 40 magnification, ¢ — outer edge of the colony

The optimum dilution of acriflavine for de-
termining moraxella dissociation varies from 1:
500 to 1: 2000. In this case, 5-6-hour S-form
cultures in an acriflavine solution remain ho-
mogeneous, while 18-24-hour and daily cul-
tures form a conglomerate with lucidity of the
liquid.

The suspension of a 6-hour culture after
thermal agglutination remained cloudy, no pre-
cipitation was observed after 1 and 24 hours.
During thermoagglutination of a daily culture,
precipitation to the bottom of the test tube and
clarification of the liquid were recorded.

Thus, another manifestation of dissociation
of Moraxella cultures is the positive thermoag-
glutination reaction, which is pronounced in R-
forms of Moraxella cultures colonies.

When colonies were stained by White-Wilson
in Petri dishes after 5-6 h, colonies belonging to
the smooth (S) type grew. They had a convex
correctly outlined smooth shape. The diameter of
the colonies ranged from 0.3-0.5 to 0.8-1.0 mm.
When stained with crystal violet or gentian violet
at dilutions of 1: 500 to 1: 4000, colonies had the
following appearance, light violet to dark blue,
convex, smooth and with well-defined margins.
After 18, 24 and 48 hours, the colonies became
rugose and wrinkled, and remained white or pale
yellowish in colour when stained. Colonies of
R-form Moraxella remained unchanged, i.e. did
not stain, which distinguishes them fundamen-
tally from some microorganisms (Brucella, Sal-
monella, etc.).

After incubation at 37 °C for 18-20 h, a
working solution of crystal violet at a dilution
of 1: 500 to 1: 4000 was poured into agar plates
where about 100-150 colonies had grown. After
60 s the dye was removed and the colonies were
viewed with a magnifying glass (see Table 2).

Crystall violet and gentian violet staining
showed no fundamental differences (see Table
2). The optimal dilution of crystal violet dye,
where dissociation was clearly fixed, was found
to be 1: 2000, for gentian violet dye it was 1:
1000. Colonies in the S-form were stained dark
purple with a metallic hue, while dissociated
colonies in the R-form did not change and re-
tained a light yellow or white colour, becoming
differently striated and wrinkled (see Fig. 3, a,
b, ¢).

According to observations, 5-6 h moraxella
colonies had a smooth shape (see Figure 3, a)
and were stained with White-Wilson aniline
dye. After 24-48 h, the colonies had a rough
surface starting from the centre and were not
stained (see Fig. 3, b, ¢).

The dissociation of colonies of cultures of
epizootic and reference Moraxella bovis and
Moraxella bovoculi strains was studied using
conventional methods: exposure to temperature
and, consequently, thermoprecipitation or ther-
moagglutination, acryflavin assay and White-
Wilson staining of colonies with gentian violet.

The antigenic activity of S-, R-forms of
Moraxella was studied by CFT/CLFT with an-
tigens [5] prepared from the specified bacte-
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Ta6a. 1. Pe3ynprarsl mOCTaHOBKH MTPOO Ha UCCOIMAIIAIO MOPAKCEIT ¢ aKpUPIAaBUHOM
Table 1. Test results for dissociation of Moraxella with acriflavine

The presence of agglutination
Dll:ct;?;a?iﬁg of Growth period Epizootic culture Reference strain Control
with distilled | OF moraxella on :
nutrient media, h |  Moraxella . Moraxella Suspension of
water bovis 2017- Fal6 l\l/i%rg)éelll? 9[2;? bovoculi BAA | moraxell in 0,85%
44 1259™ NacCl solution
1:500 6 — — — — —
12 + ++ ++ ++ —
24 # # # # —
48 # # # # —
1:1000 6 — — — —
12 ++ ++ + ++ —
24 # # # # —
48 # # # # —
1:1500 6 — — — — —
12 + ++ ++ ++ —
24 # # # # —
48 # # # # —
1:2000 6 — — — — —
12 + + + + —
24 # # # # —
48 # # # # —
1:3000 6 — — — — —
12 + + + + —
24 + + + + —
48 + + + + —
1:5000 6 — — — — —
12 — — — — —
24 — — — — —
48 — — — — —

Note. + - the severity of the formation of granularity (agglutination).

Puc. 2. ArTnioTHHAINS KYJITETYP MOPAKCEI aKpU(QIaBHHOM:
a — 6-4acoBbIc KYJIBTYPbI MOpPAaKCEJLI, 6 — 18-uacoBbie KYJIBTYPbI MOPAKCEJLIT

Fig. 2. Agglutination of Moraxella cultures with acriflavine:
a — 6-hour Moraxella cultures, 6 — 18-hour Moraxella cultures
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rial species. Experiments were performed with
positive and negative sera. Positive sera were
obtained by immunizing rabbits with a suspen-
sion of different forms of Moraxella [5, 7]. The
results are shown in Table 3.

The antigen from the S-form of the moraxel-
la does not react with R-serum in CFT, in CLFT
its titer was shown to be 1: 10 (see Table 3).

The R-antigen does not capture complement-
binding to moraxella in the S-form in RGC, in
the long-term complement binding reaction the
titer of the R-antigen was recorded as 1: 10. The
activity of the S-antigen is significantly higher
than that of the R-form of the moraxella.

Thus, the question arises as to whether there
is a possible reversion of R cells to the S-form.

Ta6ua. 2. Pe3ynprarsr okpammBaHus KOJIOHUU KYJIBTYp 10 Y aliT-Buicony
Table 2. Results of colony staining according to White-Wilson

Staining according to White-Wilson

Dura- Crystal violet

Gentian violet

tion of
culture

Stain

dilution Epizootic culture

Reference strain

Epizootic culture Reference strain

ratios

growth,
h

Moraxella
bovis
2017-44

Fal6

Moraxella
bovis ATCC
17948™

Moraxella
bovoculi \
BAA 1259™

Moraxella
bovis
2017-44

Falé

Moraxellella
bovis ATCC
17948™

Moraxella
bovoculi
BAA 1259™

1:500 6
12
24
48
1:1000 6
12
24
48
1:2000 6
12
24
48
1:4000 6
12
24
48

+

++

+

+

++

+

++

+

++

J’_

J’_

++

+

++

Note. Colony staining with crystal violet solution:

dash - no colony staining; + - colonies are colored

slightly pale blue; ++ - colonies become pale blue; +++ - colonies turn purple; # - colonies turn dark

purple.

Colony staining with gentian violet solution: dash - no colony staining; + - colonies are colored slightly pale blue; ++ - colonies
become pale blue; +++ - colonies are colored blue; # - colonies turn dark purple.

a

Puc. 3. Jlucconmanyisi KOJTOHUN MOPAKCEILI:

a — 6-4acoBbIe KOJIOHUHM MOpaKcelt B S-opme, 6 — 12 yacoBbie KoJIIOHHU B S-, R- popme, 6 — 24-yacoBbie KOJIOHUU

MOpaKceJ1
Fig. 3. Dissociation of the moraxella colony:

a — 6-hour Moraxella colonies of S-form, 6 — 12-hour colonies of S-, R- form, ¢ — 24-hour Moraxella colonies
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This needs to be taken into account when mak-
ing diagnostic and protective antigens from the
S-R forms of the moraxellosis pathogen and re-
quires further investigation.

CONCLUSION

As a result of studying the changes in cul-
tures of bacteria of genus Moraxella after
more than 6 hours of cultivation on solid nutri-
ent medium, it was found that dissociation of
microorganisms can be detected by staining of
grown colonies with gentian violet or crystal
violet by White-Wilson method, heating bac-
terial suspension in test tube at 90 o C for 30
min. In cases of dissociated cells, precipitate
formation and lucidity of the supernatant were
observed.

The presence of dissociated forms of bac-
teria is also detected by weighing microbial
cells isolated by bacterial loop from individual
colonies grown in acryflavin solution. The dis-
sociated bacteria stick together to form con-
glomerates that are clearly detectable visually.

Data on the dissociation of Moraxella cul-
tures can be taken into account in the develop-
ment of diagnostic and prophylactic prepara-
tions for bovine moraxellosis.

CIHIUCOK JIMTEPATYPbI

1. Hsanos H.II, Cynmanos A.A., baxuesa @D.A.,
Cammapoea P.C., Ecoposa H.H. Mopaxkcemnnes
y KPC B Kazaxcrasne // M3Bectust HarmonansHO#
akagemun Hayk Pecryomukm Kazaxcran. Cepus

arpapsbix Hayk. 2016. Ne 5 (35). C. 20-29.

Tao6a. 3. Pesynsrater PCK/PIACK ¢ S-, R-mipo-
TUBOMOPAKCEIIE3HBIMHI THIIEPUMMYHHBIMH ChIBO-
poTKamu

Table 3. Results of CFT/CLFT with S-, R-anti-
moraxellosis hyperimmune sera

Immunologi- Serum Antigen titer from
cal test S-form R-form

CFT S 40 —

R - 20

CLFT S 80 10

R 10 40

2. Heanos H.II., Cammaposa P.C., bakuesa @.A.,
Tooeposuweunu M., Pucsasa C., Kapymuoze H.
Breigenenue ¢ara npotuB Bo3OymuTeneit Mo-
pakcelie3a KpyImHOTro poraroro ckorta B Pecmy-
onmuke Kasaxcran // BectHuk HanmoHasibHO#M
akajemun Hayk Pecryonuku Kazaxcran. 2017.
Ne 6. C. 46-51.

3. Ivanov N.P, Bakiyeva FA., Sattarova R.S., Shy-
nybaev K.M., Issakulova B.Zh. Episootological
monitoring of cattle moraxellosis // U3BecTus
HarmonanpHoit akagemun PecrnyOnuku Ka-
3axctad. Cepmsi arpapHbix Hayk. 2019. Ne 2
(50). C. 112-115. DOI: 10.32014 / 2019.2224-
526X.19.

4. Ivanov N.P, Namet A.M., Shynybaev K.M.,
Sattarova R.S., Akmyrzaev N.Zh., Issaku-
lova B.Zh., Bakiyeva F.A. Moraxellosis in
catches of different breeds of meat direction of
productivity // U3Bectus HarronanbHO#M aka-
nemun PecnyOnukm Kaszaxcran. Cepus arpap-
HBIX Hayk. 2019. Ne 2 (50). C. 78-82. DOI:
10/32014/2019/2224-526X/20.

5. Ivanov N.P, Sattarova R.S., Bakiyeva FA.,
Shynybaev K.M., Issakulova B.Zh. Diagnostic
value of CFT/LCEFT for cattle moraxellosis //
Bectank HanmonansHOM akagemun PecmyOimm-
ku Kazaxcran. Cepus arpapabix Hayk. 2019. Ne 2
(378). C. 112-114. DOI: 10.32014/2019.2518-
1467.48.

6. Hsanos H.IIl., Cammaposa P.C., [llvinvida-

e K.M., bBakuesa @.A., Acpaybaesa UK., Cnu-
puoonos [ H. PacmpocTpaneHne w aHTHONO-
TUKOYYBCTBUTEIIHOCTh H30IATOB Moraxella
bovis, BBIJICIIEHHBIX OT KPYITHOI'O pOraToro CKo-
ta B PecnyOnuke Kazaxcran // Berepunapusi.
2020. Ne 3. C. 15-20. DOI: 10.30896/0042-
4846.2020.23.3.15-21.
Cammaposa P.C. JlnarHoCTHYECKas! IICHHOCTD
ceponornyeckux peaknuii PCK n PACK mpu
MOpaKceie3e KPYITHOTo poraroro ckora B Pe-
cnyonuke Kazaxcran // BerepuHapHblii Bpau.
2020. Ne 4. C. 9-12. DOI: 10.33632/1998-
698X.2020-4-44-49.

8. Cammaposa P.C. JluzonuMmHas akTHUBHOCTH
KYPUHOTO SIMYHOTO Oejika Ipu JACHCTBHH
Ha OWOIUIeHKY, oOpa3syemyio Oaxrepus-
mu poaa Moraxella // Berepunapus. 2020.
Ne 12. C. 41-49. DOI: 10.30896/0042-
4846.2020.23.12.27-31.

9. Ruehl WW., Marrs C.F, Fernandez R.,
Falkow S., Schoolnik G.K. Purification,
characterization, and  pathogenicity  of

Hayunsle cBsi3u

CuGupCKHii BECTHUK CENBbCKOXO3sHCTBeHHO Hayku » 2021 « 513 111



Dissociated forms of Moraxella isolated from the affected eyes
of cattle

Ivanov N.P., Sattarova R.S.

10.

moraxella-bovis pili // Journal of experimental
medicine. 1988. Vol. 168. P. 983-1002.
McMichael J.M. Bacterial differentiation
within Moraxella bovis colonies growing at
the interface of the agar medium with the Petri
dish // Journal of General Microbiology. 1992.
Ne 138, P. 2687-2695.

11. JKosanux I1.H. bpyuemnne3: monorpadusa. Ku-

12.

eB: Ypoxait, 1975. C. 34-42.

Caucwizoan A.P, Ecnembemos b.A., 3aii-
yes B.JI., 3ununa H.H., Ceipvim H.C., Cynman-
xynosa K.T., Capwwixosa M.K., Hucanosa P.K.
M3yuenne MopQOIOTHIECKUX CBONCTB H30-
JATOB Opyueit B S- u R-dopmax 3iekTpoH-
HO-MUKPOCKOITUYECKHM MeTooM // BecTHHK
AJTalickoro  TOCy/IapCTBEHHOTO  arpapHoro
yauBepcutera. 2013. Ne 12 (110). C. 74-79.

REFERENCES

L.

Ivanov N.P., Sultanov A.A., Bakieva F.A.,
Sattarova R.S., Egorova N.N. Moraxella in
cattle in Kazakhstan. Izvestiya Natsional'noi
akademii nauk Respubliki Kazakhstan. Seriya
agrarnykh nauk = News of the National Acad-
emy of Sciences of the Republic of Kazakhstan.
Series of Agricultural Sciences, 2016, no. 5
(35), pp- 20-29. (In Russian).

Ivanov N.P., Sattarova R.S., Bakieva F.A.,
Goderdzishvili M., Rigvava S., Karumidze N.
Isolation of phage against causative agents of
moraxellosis in cattle in the Republic of Ka-
zakhstan. Vestnik Natsional'noi akademii nauk
Respubliki Kazakhstan = Bulletin of National
Academy of Sciences of the Republic of Ka-
zakhstan, 2017, no. 6, pp. 46-51. (In Russian).
Ivanov N.P., Bakiyeva F.A., Sattarova R.S.,
Shynybaev K.M., Issakulova B.Zh. Episooto-
logical monitoring of cattle moraxellosis. /z-
vestiya Natsional'noi akademii Respubliki Ka-
zakhstan. Seriya agrarnykh nauk = News of the
National Academy of Sciences of the Republic
of Kazakhstan. Series of Agricultural Scienc-
es, 2019, Ne 2(50), pp. 112-115. (In Russian).
DOI: 10.32014 /2019.2224-526X.19.

Ivanov N.P., Namet A.M., Shynybaev K.M.,
Sattarova R.S., Akmyrzaev N.Zh., Issaku-
lova B.Zh., Bakiyeva F.A. Moraxellosis in
catches of different breeds of meat direction of
productivity. Izvestiya Natsional'noi akademii
Respubliki  Kazakhstan. Seriya agrarnykh

10.

11.

12.

nauk = News of the National Academy of Sci-
ences of the Republic of Kazakhstan. Series of
Agricultural Sciences, 2019, no. 2 (50), pp. 78—
82. (In Russian). DOI: 10/32014/2019/2224-
526X/20.

Ivanov N.P., Sattarova R.S., Bakiyeva F.A.,
Shynybaev K.M., Issakulova B.Zh. Diagnos-
tic value of CFT/LCFT for cattle moraxellosis.
Vestnik Natsional'noi akademii Respubliki Ka-
zakhstan. Seriya agrarnykh nauk = Bulletin of
National Academy of Sciences of the Republic
of Kazakhstan, 2019, no. 2(378), pp. 112-114.
(In  Russian). DOI:  10.32014/2019.2518-
1467.48.

Ivanov N.P., Sattarova R.S., Shynybaev K.M.,
Bakieva F.A., Asraubaeva LK., Spiridonov
G.N. Distribution and antibiotic sensitivity
of Moraxella bovis isolated from cattle in the
Republic of Kazakhstan. Veterinariya = Vet-
erinary, 2020, no. 3, pp. 15-20. (In Russian).
DOI: 10.30896/0042-4846.2020.23.3.15-21.
Sattarova R.S. Diagnostic value of serological
tests in CFT and LCFT Moraxella of cattle in the
Republic of Kazakhstan. Veterinarnyi vrach =
The Veterinarny Vrach journal, 2020, no. 4,
pp- 9-12. (In Russian). DOI: 10.33632/1998-
698X.2020-4-44-49.

SattarovaR.S. Lysozyme activity of chicken egg
white when acting on a biofilm formed by bac-
teria of the genus Moraxella. Veterinariya = Vet-
erinary, 2020, no. 12, pp. 41-49. (In Russian).
DOI: 10.30896/0042-4846.2020.23.12.27-31.
Ruehl W.W., Marrs C.F., Fernandez R.,
Falkow S., Schoolnik G.K. Purification, char-
acterization, and pathogenicity of moraxella-
bovis pili. Journal of experimental medicine,
1988, vol. 168, pp. 983—-1002.

McMichael J. M. Bacterial differentiation
within Moraxella bovis colonies growing at
the interface of the agar medium with the Petri
dish. Journal of General Microbiology. 1992,
no. 138, pp. 2687-2695.

Zhovanik P.N. Brucellosis. Kiev: Urozhai,
1975, pp. 34—42. (In Russian).

Sansyzbai A.R., Espembetov B.A., Zait-
sev V.L., Zinina N.N., Syrym N.S., Sultanku-
lova K.T., Sarmykova M.K., Nisanova R.K.
Electron microscope investigation of Brucella
isolates of S- and R-forms. Vestnik Altaiskogo
gosudarstvennogo agrarnogo universiteta =
Bulletin of Altai State Agricultural University,
2013, no. 12 (110), pp. 74-79. (In Russian).

112  Siberian Herald of Agricultural Science ¢ 2021 51 « 3

Scientific relations



JucconuupoBaHHble ()OPMBI MOPAKCEILT, BBIACICHHbIC U3
MOPa’KeHHBIX T71a3 KPYIHOTO POraToro cKoTa

WBanos H.IT., Carraposa P.C.

HNH®OPMALIUA OB ABTOPAX

|I/IBaHOB HL.IL. |, 1OKTOp BETEepUHAPHBIX HAYK,
npodeccop, akanmeMuk HammoHaapHOW akamxeMHuH
Hayk Pecrryommku Kazaxcran

() Carrapoa P.C., xaHaumar BeTepH-
HAapHBIX HAyK, CTapIIMi Hay4YHBIH COTPYIHHUK;
aapec 1jasa nepenucku: PecmyOnmuka Kazax-
ctaH, I. Anmarsl, rip. PaiipimOexka, 223; e-mail:
kaznivialmaty@mail.ru

AUTHOR INFORMATION

[ Nikolay P. Ivanov |, Doctor of Science in
Veterinary Medicine, Professor, Academician
of the National Academy of Sciences of the
Republic of Kazakhstan

<) Rano S. Sattarova, Doctor of Science
in Veterinary Medicine, Senior Researcher;
address: 223, Raiymbek Ave., Republic of
Kazakhstan, Almaty; e-mail: kaznivialmaty@
mail.ru

Jlama nocmynnenusi cmamou / Received by the editors 16.03.2021
Jlama npunamus k nyorukayuu / Accepted for publication 03.06.2021
Jama nyonurxayuu / Published 26.07.2021

Hayunsle cBsi3u

CurGupCKHii BECTHUK CENBbCKOXO3SHCTBEHHOI Hayku © 2021 « 513 113



	Сиб_вест_3_2021_англ+обл
	Обложка_3_2021_англЛ
	Сиб_вест_3_2021_англ+

	4

