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S 3EMJIEJIEJINE U XUMW3AL[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2022-1-1 Tun crarby: OpUrHHANBHAS
VIK: 540.631.4.66 Type of article: original

YMEPEHHO OITACHBIE MUKPOJ3JIEMEHTDBI
B IIOUBAX 3ACOJIEHHBIX AT'POJIAHJIIIA®TOB BAPABMHCKOI PABHUHbBI

<) 'Cemenasiesa H.B., "?Mopo3zoBa A.A., 2Eauzapos H.B.

ICubupckuil pedepanvubviil Hayunvlil yenmp azpobuomexrnono2uti Poccutickoil akademuu Hayk
HoBocubupckas obnacts, p.i. Kpacnooo6ck, Poccust

’Uncmumym nousosedenusi u azpoxumuu Cubupcko2o omoenenus Poccutickoil akademuu nayk
HoBocubupck, Poccus

(<D e-mail: semendyeva@ngs.ru

[Ipu ocBoeHNM afanTHBHO-TAHAMTA(THBIX CHCTEM 3eMJIEIENHs 0C000e BHUIMAHHE YIeNIsIeTCs U3y-
YEHHUIO KOJIOT0-TOKCHKOJIOIHYECKOTO U CAaHUTAPHO-TUTUEHNYECKOTO COCTOSHUS UCIIONB3yEMOH Tep-
putopun. OcoOOEHHO TO BayKHO AJIs 3aCOJICHHBIX arpoiaHIadToOB, KOTOPBIC ITUPOKO PACTIPOCTPaHE-
HbI B bapabunckoii pasaune (bapate). MccnemoBanust IpoBeIeHBI B CEBEPO-BOCTOTHOM YacTi bapaObl
B nipenenax HoBocubupckoii o0nactu. M3yueHbl OUBBI AII0BHAIBHOHN (JIyrOBO-4EpHO3EMHOM ), TpaH-
3UTHOM (YEPHO3EMHO-ITYTOBOM) U aKKyMY/ISSTUBHOM (COJIOHEI! TITyOOKHit) 30H KaTeHbl. [10uBbI pa3iu-
YaIUCh 10 GPU3UKO-XIMUIECKIM CBOMCTBAM W MUKPOAJIEMEHTHOMY COCTaBy. B mpodwrie mods ot ao-
BHUAJBHOM K aKKYMYJISITUBHOM 30HE YBEINYHBAIACh MEIIOYHOCTh, YMEHBIIIHIIOCH COJIEPKAHUE IyMyca
U U3MCHAJICA I‘paHYHOMCTpI/IHCCKI/Iﬁ COCTaB. DTH IMOKA3aTeNH BIMIIOT Ha MHKpOSJIGMCHTHBIﬁ COCTaB.
OmnpeneneHo conepkanne yMEpEeHHO OITaCHBIX MHKPOIJIEMEHTOB (BTOPOTO KJIacca OMacHOCTH): XPo-
Ma, HUKeJIs, KoOanbTa 1 MoIMnOAeHa. YCTaHOBIICHO, YTO MaKCUMaJIbHOE COZIEpKaHNEe BaJIOBOTO XpoMa
NPUXOIUTCS Ha TIPO(MUITH TYTOBO-4YEPHO3EMHOM MMOYBHI B AITIOBHAIBHON MO3UIMH. B TaxoTHOM ropH-
30HTE TTOABIKHOTO XpoMa MeHee 0,00001 Mr/kT, 9To He TomagacT B TUara3oH onpeaeieHIs mproopa.
OTMeueHO HEeKOTOpOE MEPEeBIKEHUE MOABMKHBIX (DOPM XpOMa C IMIOBUATIBHON MO3UIMN B aKKyMY-
JSITUBHYIO. MaKkcuMalbHOE COJCpKaHHe BaJIOBOTO HUKENS M KoOalikra 0OHapy:KeHo B mpoduiie Jy-
TOBO-YEPHO3EMHOM TIOYBEI, HO OHO HAXOAWUTCS B KojmuecTBe 3HauuTensHO Hike [1/1K. o mpodwmo
II0YB BaJIOBOE COAEPKaHNE HUKEJISl U KOOaJIbTa H3MEHSIETCSl HE3HAYNTEIbHO, YTO CBUAETENLCTBYET 00
ux cnaboif moABMKHOCTH. BanoBoe copeprkanuie Monnb/ieHa B OYBaX HAXOANUTCS B IIpeiesiax KiapKa
Y IPUMEPHO OIMHAKOBO IO BCEH MTyOWHE. YCTAaHOBIIEHO, YTO B TIOYBAX 3aCOJICHHBIX arpoiaHAmapToB
Bapabbl o kareHe copepKaHue yMEPEHHO OMaCHBIX MUKPOAJIEMEHTOB HUKeNs 1 koOasbTa Hike [1/1K
U HE TIPE/ICTaBISET OMACHOCTH C AKOJIOTO-TOKCHUKOIOTHUECKOH ToukH 3peHus. CopeprkaHue BaJIOBOTO
XpoMa U MonmbaeHa HaxonuTces Ha rpanu [1/1K, moaToMy B OnpeaereHHbIX cydasx MOKET BO3HHUK-
HYTb HalPSDKEHHOCTH 9KOJIOTO-TOKCHKOJIOTHYECKOH 00CTaHOBKH TeppuTopur. Ha s1o cnenyer oOpa-
1aTh BHUMaHUE TIPH CEITLCKOXO3HCTBEHHOM HCIIONB30BAaHUH 3aCOJICHHBIX arpojianamadros.

Ki1roueBble ¢c/10Ba: MUKPOAIIEMEHTHI, XPOM, HUKEb, KOOAIBT, MOIMOIEH, KaTeHa, 3aCOIEHHAs TI0UBa

MODERATELY HAZARDOUS MICROELEMENTS IN THE SOILS OF SALINE
AGROLANDSCAPES OF THE BARABA PLAIN

(<) 'Semendyaeva N.V., 2Morozova A.A., ’Elizarov N.V.

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

’Institute of Soil Science and Agrochemistry of the Siberian Branch of the Russian Academy of Sciences
Novosibirsk, Russia
(XD e-mail: semendyeva@ngs.ru

When developing adaptive-landscape farming systems, special attention is paid to the study of the
ecological, toxicological and sanitary-hygienic state of the territory used. This is especially important
for saline agro-landscapes, which are widespread in the Barabinskaya plain (Baraba). The studies were
conducted in the northeastern part of the Baraba within the Novosibirsk Region. The soils of the eluvial
(meadow-chernozem), transit (chernozem-meadow), and accumulative (deep solonetz) zones of the
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Moderately hazardous microelements in the soils
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catena were studied. The soils differed in physicochemical properties and microelement composition.
In the soil profile from the eluvial to accumulative zone, alkalinity increased, humus content decreased,
and the granulometric composition changed. These indicators affect the microelement composition.
The content of moderately hazardous trace elements (hazard class 2): chromium (Cr), nickel (Ni),
cobalt (Co) and molybdenum (Mo) were determined. It was found that the maximum content of total
chromium falls on the profile of meadow-chernozem soil in the eluvial position. In the arable horizon
there is less than 0.00001 mg/kg of mobile chromium, which does not fall within the detection range of
the device. Some movement of mobile forms of chromium from the eluvial to accumulative position
was noted. The maximum content of total nickel and cobalt was found in the profile of meadow-
chernozem soil, but it is in amounts well below the LOC. The total content of nickel and cobalt varies
insignificantly across the soil profile, indicating their low mobility. The total content of Mo in soils is
within the clarke range and is approximately the same over the entire depth. It was found that the content
of moderately hazardous trace elements of nickel and cobalt in the soils of saline agro-landscapes of
Baraba by catena is below the LOC and cannot be a hazard from the ecological-toxicological point
of view. The content of total chromium and molybdenum is on the verge of the LOC and therefore,
in certain cases, tension in the ecological and toxicological situation of the territory may arise. This
should be taken into account in the agricultural use of saline agrolandscapes.
Keywords: microelements, chromium, nickel, cobalt, molybdenum, catena, saline soil.
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INTRODUCTION . .
Currently, agroecological zoning of agro-

The development of adaptive-landscape landscapes has been developed for the forest-

farming systems and precision agriculture re-
quired the development of new, more detailed
approaches to the use of soil cover of territo-
ries. These approaches should include a com-
prehensive study of the soil properties of a par-
ticular agrolandscape. Special attention should
be paid to the microelement composition, as it
determines both the fertility and the ecological
and hygienic conditions of the agrolandscape.

steppe zone using the example of the Novosi-
birsk region'. In particular, it has been found
that the Barabinsk plain (Baraba), which oc-
cupies about 65.5%, or 11.7 million ha of the
Novosibirsk region, is dominated by saline
agrolandscapes, represented by semihydromor-
phic and hydromorphic analogues of zonal soils
(chernozems) — meadow-chernozem, black-
meadow and meadow soils of various degrees

"Dobrotvorskaya N.I., Semendyaeva N.V., Ponko V.A., Ivanova M.I. Methodology and methods for assessing the ecological and
resource potential of agrolandscapes in the Western Siberia: a methodological handbook. Novosibirsk: SFSCA RAS, 2018. 99 p.
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of salinity and alkalinity in complex with saline
soil, alkaline soil and solod soil.

In the study of the properties of saline soils a
special place is given to trace elements - heavy
metals and metalloids. They are extremely nec-
essary in small quantities for plants, living or-
ganisms, as well as humans, because they are
part of enzymes, vitamins, lipids, etc. Increased
and decreased content of trace elements can
cause various diseases.

The aim of the study was to study the con-
tent of moderately hazardous trace elements -
chromium, nickel, cobalt and molybdenum (the
second class of danger)” - in the soils of the kat-
ena saline agrolandscape of the north-eastern
part of Baraba within the Novosibirsk region.

Research objectives:

— to study the morphological and physico-
chemical properties of soils by catena (eluvial,
transit and accumulative positions);

— to determine the content and character of
movement of moderately dangerous microele-
ments in soils;

— to give an ecological and hygienic assess-
ment of the content of moderately dangerous
trace elements in soils of saline agro-landscapes
of Baraba for animals and humans.

MATERIAL AND METHODS

The studies were carried out on the terri-
tory of JSC “Bolshenikolskoye”, Chulymsky
District, Novosibirsk Region. This territory is
a two-stage lake-alluvial plain. Its northeastern
part, where the research was conducted, belongs
to the high structural-geomorphological surface,
and the southwestern part to the low one.

The relief of the northeastern part of this
area is represented by an alternation of ancient
interfluves and runoff gullies stretching from
northeast to southwest.

The interfluves are flat, elevated above the
gullies by only 5-15 m. In some places, there
are blurred low ridges. Small hollows in gullies
can be occupied by lakes and bogs. The micro-

relief is knob and kettle, which facilitates re-
distribution of moisture and easily soluble salts
from ridges to inter-ridge depressions®.

Annual precipitation varies from 225 to 350-
400 mm. Hydrothermal coefficient varies from
0.6-0.8 to 1.0-1.2. Baraba is characterized by
climate cyclicity, which has a significant im-
pact on soil composition and properties, espe-
cially on redistribution of easily soluble salts.
During humid periods there is some desaliniza-
tion of soil profiles and strengthening of reduc-
tive processes, in droughty periods - opposite
phenomena are observed.

A characteristic feature of the vegetation
cover of Baraba is the change of forest veg-
etation to steppe vegetation. Park-type birch
knolls alternate with steppe meadows. Steppi-
fication of the territory leads to desiccation of
forestland and salinization of the soil cover. Pe-
riodic over-moistening and elevation of saline
groundwater contribute to development of sod
formation process and formation of meadow-
chernozem, chernozem-meadow and meadow
soils of different degrees of gleying, saliniza-
tion, as well as development of soils of halogen
process of soil formation - saline soil, alkaline
soil and solod soil.

In the northeastern part of Baraba in the wide
valley of the Karasuk River, soil sections were
laid along the catena (eluvial, transitional, and
accumulative positions). In them, soil samples
were selected according to genetic horizons, in
which the following types of analyses were per-
formed: granulometric composition according
to Kachinsky, humus according to Tyurin, pH
value according to potentiometric analysis*. De-
termination of gross and mobile forms of trace
elements was carried out by atomic-emission
spectroscopy on DAEP device (double-beam
atomic-emission plasma torch) (see footnote 4).
The mobile forms of chromium, nickel, and co-
balt compounds were extracted from soils with
acetate-ammonium buffer solution with pH 4.8.
Statistical processing of the obtained data was
performed using the Excel software package.

2GOST 17.4.1.02-83. Nature Conservation. Soils. Classification of Chemical Elements for Pollution Control. Moscow, 1983.12 p.
’Semendyaeva N.V., Galeeva L.P., Marmulev A.N. Soils of the Novosibirsk region and their agricultural use: a textbook.

Novosibirsk, 2010. 187 p.

“Practical agrochemistry: textbook; 2nd ed. / Ed. by V.G. Mineev. Moscow: Publishing house of the Moscow State University,

2001. 689 p.
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RESULTS AND DISCUSSION

When studying the ecotoxicity of trace ele-
ments in soil, it is necessary to know the pH
value, humus content, and granulometric com-
position, since these parameters determine the
geochemical properties of elements and their
compounds. The characteristic of these prop-
erties of soils of katena is presented in table 1.

In the eluvial position, zonal meadow-cher-
nozem soil has a neutral pH (6.6-6.7) up to a
depth of 80 cm, and then it is alkaline. In the
transitional position, the meadow-chernozem
soil is alkaline throughout the profile, and al-
kalinity increases with depth. In the accumula-
tive - deep solonetz - soil is strongly alkaline:
in the horizon A (0-20 cm) - 9.8, then the pH
is 10 or more. The content of humus is high
in the A horizons of eluvial and transitional
soils - 9.7 and 10.8%, respectively. In accu-
mulative - deep solonetz - the content of hu-
mus is reduced to 5%, with depth it sharply
decreases. Granulometric composition is dif-
ferent: in meadow-chernozem soil of eluvial
position in A horizon it is medium-loamy, with

depth it is heavy-loamy. In the transitional po-
sition the granulometric composition of the
meadow-chernozem soil is loamy in the A ho-
rizon, then it gets heavier to light loamy and
then it gets further heavier. It should be noted
that such a diverse granulometric composition
is characteristic of soils formed in floodplains.
A similar situation is noted in the accumula-
tive zone, but here the granulometric composi-
tion is heavier, from mid-loamy to light loamy.

The gross content of moderately hazard-
ous chemical trace elements is presented in
Table 2.

Chromium is a biogenic element that is
constantly present in plant and animal cells.
It participates in protein synthesis in plants
and increases chlorophyll content in leaves.
But chromium is a highly toxic trace element:
in small amounts it is a plant stimulant, in
larger amounts it is an inhibitor. In excessive
amounts, chromium inhibits plant develop-
ment; in very high concentrations, it causes
plant death.

The phytotoxicity of chromium depends
on its valence, which determines its toxicity

Ta6a. 1. Ousnko-xMMHYECKHE CBOWCTBA ITOYB KaTeHBI 3aCOJICHHBIX arpoianamadros bapaduackoit

PaBHUHBI

Table. 1. Physical and chemical properties of catena soils in saline agricultural landscapes of the

Baraba plain

. . Horizon, Physical clay,
Gepmorphologlcal position, sampling depth, pH, Humus, % particles Short name by -,
soil crossover number, soil om H)0 <0.01% granulometric composition
. . A 0-18 6,62 9,67 36,5 Middle loamy
?1[1\/131& SOll (}:fossover No. Al 25-35 6,57 7’74 31’1 »
IHSSZ?agV_ZeZm:ﬁZEe- AB 50-60 6,26 1,29 53,5 Heavy loamy
oamy " B, 70-80 6,71 | Notdefined | 53,9 »
B, 110-120 8,40 » » 56,3 »
Aﬂ 0-10 7,90 10,75 14,0 Loamy sand
A 1024 8,20 4,51 8,8 Sandy
. . 1 2 2 b
;?“;“ﬁ;égiffggozem AB 30-40 8,30 1,00 21,4 Light loamy
sali.ne’ loamy sand B, 50-60 8,44 0,55 22,6 »
A,..80-90 8,91 0,88 53,3 Heavy loamy
B, 100-110 9,13 0,59 56,1 »
i i A 0-20 9,8 5,16 60,6 Moderately clayey
?rf)?slf)nfra%e’3soélee B,20-30 10,12 2,58 60,2 »
Y .3, .
solonchak slightly sal?ine B, 30-50 10,16 0,86 41,2 Light clayey
heavy loamy B, 50-60 10,00 Not defined 41,2 »
B, 70-80 10,04 » » 54,6 Moderately clayey
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in the soil and its availability to plants. Cr®" is
most accessible to plants. It is unstable under
normal soil conditions. Cr*" usually prevails
in soils, which compounds are weakly soluble
in an acidic environment [1]. In an alkaline
environment, Cr’** is oxidized to Cr®" to form
soluble chromates. Trivalent chromium is well
absorbed by soil, so it has little toxicity.

In soil, the MAC of Cr* is 100 mg/kg,
Cr® is 0.05 mg/kg [2]. Chromium clark in the
Earth's crust is 200 mg/kg [3], but its gross
content in the soils of the world varies wide-
ly [4]. In the process of detailed study clark
chromium changed mainly in the direction of
reduction [5]. It has been found that the gross
chromium content in soils increases from rural

settlements (50-58 mg/kg) to cities with devel-
oped industrial industry (90-100 mg/kg). Ex-
cess chromium sharply reduces the biological
activity of soils.

In the soils of the studied catena in the
eluvial position the gross chromium content
in the arable horizon of meadow-cherno-
zem soil was 79.5 mg/kg, mobile - less than
0.00001 mg/kg, which is below the detection
range of the instrument. With depth, the con-
tent of gross chromium increased to 141 mg/
kg. Its noticeable movement along the catena
was not found, in the transit zone the amount
varied with depth from 51 to 92 mg/kg. In the
accumulative zone there is slightly more gross
chromium than in the transit zone, but lower

Taodua. 2. [IpopunsHoe pacnpenesieHre BaJIOBOIO COACP)KaHMsI yMEPEHHO OIIACHBIX MUKPO3JIEMEHTOB B

[I0YBAX 3aCOJCHHBIX arpoianmadToB bapaOsr

Table. 2. Profile distribution of the total content of moderately hazardous microelements in the soils of

saline agricultural landscapes of the Baraba plain

. Trace elements, mg/kg soil
G hological position| | 10nZOm
comorp .O ogieal p . sampling depth, Chromium Nickel Cobalt Molybdenum
of the soil crossover, soil
cm . .
gross mobile gross mobile gross gross
Eluvial, soil crossover A 0-18 79,5 0,0 50,1 0,02 14,6 1,24
I\LO- 1, meadowé | A,25-35 109 «0,1 52,1 0,03 17,6 2,32
chernozem moderately | )b 50 ¢ 107 0,12 66,7 0,04 16,3 2,5
deep middle-loamy
B, 70-80 141 0,12 58,3 0,04 13,4 2,03
B_110-120 102 0,15 51,9 0,04 10,9 2,31
Transit, soil crossover A 0-10 51,0 0,14 50,5 «0.01 15,4 3,85
I\LO- 2, meado‘ly- | A, 10-24 66,0 0,14 58,7 0,01 13,3 2,77
garf;nozem sameloamy | Ap 3040 | 482 0,15 36,4 0,01 7.4 1,83
B, 50-60 50,8 0,18 32,9 0,01 7,0 222
A, 80-90 92,0 0,13 52,1 0,02 15,6 1,84
B, 100-110 | 59.8 0,13 47,1 0,03 11,8 1,88
Accumulative, soil A 0-20 74,4 0,32 442 0,060 9,9 2,25
Cr?SSOEei N19- ﬁ:ldeelf;_ B,20-30 56,7 0,31 47,4 0,040 10,5 1,31
solonchak slightly saline| 35 77,1 0,13 43,6 0,020 10,5 2,79
heavy loamy 2
B, 50-60 83,4 021 444 0,014 10,5 1,85
B, 70-80 87,4 0,17 40,1 0,014 8,5 2,02
Clarke [3] 200 40 10 2,0
MACS 100 50 50 5,0

SThe list of Maximum Permissible Concentrations (MPC) and Approximately Permissible Amounts (APC) of chemical
substances in the soil. Special edition. Moscow: Goskomsanepidnadzor of Russia Publishing House. 1991. 18 p.
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than in the eluvial. There was a tendency of
insignificant movement of mobile chromium
from the eluvial to accumulative zone, which,
in our opinion, is associated with the move-
ment of silty particles and humus with surface
water flows.

The results obtained on the content of gross
chromium in the soils of saline agro-landscapes
of Baraba indicate that its movement along the
catena is insignificant. However, the mobility
of chromium in the upper humus horizons in-
creases from the eluvial position through the
transitional to accumulative position due to an
increase in pH and the movement of silty par-
ticles with surface water. It is cumulated in the
accumulative zone. The content of both gross
and mobile chromium in the soils of the catena
is below the MAC and does not contribute to
environmental pollution.

Nickel in trace amounts is essential for
plants and living organisms. It accelerates
plant emergence from dormancy, promotes ni-
trogen movement and seed germination, and
affects urease activity. Nickel stimulates pho-
tosynthesis, promotes the formation of the spi-
ral structure of nucleic acids, and affects the
absorptive capacity of plant roots. However,
its increased content in soils inhibits plant
growth and reduces the amount of chlorophyll
in the leaves [6].

Nickel clark in soils equals 40 mg/kg. TAC
(tentative allowable concentration) of its gross
content in sandy and sandy loam soils is 20
mg/kg, in loamy and clayey (acidic) soils - 40,
loamy and clayey (neutral) soils - 80 mg/kg.
The TAC of the exchangeable form (acetate-
ammonium buffer, pH - 4.8) is 4 mg/kg of soil
[7]. In soils, nickel, as a rule, is concentrated
in the silty fraction which is enriched in mont-
morillonite. Nickel forms soluble chelate com-
pounds with organic matter. It has been estab-
lished that nickel migrates, although weakly,
along the soil profile in cationic form in the
form of true solutions, compounds in colloi-
dal form, and in the form of mechanical sus-
pensions [7]. According to S.V. Lukin [1], the
gross nickel content in the chernozems of the
Belgorod region is about 25 mg/kg and does
not change reliably with depth. In the Novosi-

birsk region, the gross nickel content in zonal
soils is higher, from 32 mg/kg of soil in humus
horizons to 43-45 mg/kg and more in saline
landscapes [7].

In particular, the soil profile of the studied
catena contains the greatest amount of bulk
nickel in the eluvial position: in the humus
layer - 50.1-52.1 mg/kg of soil; in the AB and
B horizons it increases to 66.7-58.3, at a depth
of 110 cm it decreases again to 52 mg/kg (see
Table 2). In the transit zone, its content in the
humus layer of soil is about the same as in the
eluvial zone, and decreases with depth. In the
accumulative zone, the gross nickel content
tends to increase as compared to the transit
zone. The gross nickel content in the saline
agrolandscape soils is slightly higher than the
clark, but significantly lower than the MAC.

The content of mobile forms of nickel is the
highest in the meadow-chernozem soil. It is
approximately the same throughout the entire
profile, only in the A horizon it is slightly low-
er. In the accumulative position, more mobile
nickel was found in the upper humus horizons,
which indicates its movement from the eluvial
zone through the transit zone, as well as some
cumulation in the accumulative zone.

Thus, in the studied saline agro-landscape
of Baraba no deficiency or excess of nickel
was found. However, its accumulation in the
accumulative position is possible due to the
movement of nickel compounds with surface
water, as indicated by the studies of V.B. Ilyin
and A.I. Syso [7]. Nickel is geochemically re-
lated to cobalt, since their atomic masses are
close [1].

Cobalt takes an active part in physiologi-
cal processes of plant and living organisms. It
significantly enhances nitrogen-fixing ability
of microorganisms, synthesis of chlorophyll,
proteins, and carbohydrates. It promotes the
formation of vitamin B ,, extremely necessary
for living organisms® [8]. Clark cobalt is equal
to 10 mg/kg [3, 8, 9]. In the soil cover, its dis-
tribution depends on the composition of the
parent rock, in the soil profile - on the content
of physical clay, silt fraction, iron oxides and
organic matter, as these indicators are able to
fix and accumulate cobalt. It has been estab-
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lished that the proportion of substances capable
of fixing cobalt in soils into immobile and low-
mobile compounds is 95% of its gross content.
In natural environments, cobalt can be in two
oxidation states, Co*" and Co*’, as well as in
the form of the complex compound Co (OH)*-.
Co?" and Co’+ ions are almost completely fixed
by the soil absorbing complex, in the soil pro-
file more mobile are complex compounds Co
(OH)’ (see footnotes 2-6).

The average content of cobalt in plants is
0.01-0.6 mg/kg of dry matter. In leguminous
plants there is more of it than in cereals [10].
When the content of cobalt in soils is less than
5 mg/kg, its deficiency in herbaceous vegeta-
tion is noted. In this case, animals begin to
show signs of avitaminosis, the formation of
hemoglobin, nucleic acids, and proteins slows
down, and endemic goiter appears. The criti-
cal level of cobalt content in plants for nor-
mal animal development is 0.08-0.1 mg/kg
of plant dry weight [3, 11]. External cobalt
deficiency in plants manifests itself similarly
to nitrogen deficiency - leaf chlorosis, slowed
plant growth and short development cycle.

Under natural conditions, an excess of co-
balt in soils is rare. It usually accumulates in the
edges and tips of leaves; they turn white and die
off. Excess cobalt has a negative effect on ani-
mals. Its maximum allowable concentration in
grasses should not exceed 60 mg/kg dry matter.

Cobalt toxicity is manifested by a decrease
in vitamin B , content and lack of fruiting.

According to V.B. Ilyin and A.I. Syso, the
soils of the Novosibirsk region in Baraba and
Priob'ye are characterized by high gross con-
tent of trace elements, which is associated with
their heavy granulometric composition and
high humus content, especially in meadow-
chernozem soils and in saline (solonets and
solonchaks). In particular, they found that the
soils of Baraba are characterized by increased
and high content of cobalt [7].

In the studied soils of katena the high-
est content of gross cobalt is concentrated in

meadow-chernozem soil of eluvial position.
Its maximum is in the A and AB horizons and
is 17.6-16.3 mg/kg of soil, respectively (see
Table 2). In the A horizon, the content of
gross cobalt is somewhat lower than in the A
horizon, which is probably associated with its
movement to the transit zone with water flows
containing mud particles and humus. Accord-
ing to the regulations (see footnote 5), this
content of cobalt in the soil is high and very
high (10-15 and 15-22 mg/kg). In the lower
horizons it decreases to 13-10 mg/kg. In the
transit zone of chernozem-meadow soil in the
upper humus horizons, the content of cobalt,
despite the light granulometric composition,
is high - 15.4-13.3 mg/kg. This is associat-
ed with its movement from the upper posi-
tions to the lower ones, where a significant
part of cobalt is absorbed, most likely, by soil
organic matter. In the AB and Bq horizons,
the amount of bulk cobalt decreases sharp-
ly to 7 mg/kg of dry soil. In the buried soil,
its content increases again and approaches
the content in the upper horizons. This phe-
nomenon indicates weak movement of cobalt
along the catena. It is practically all fixed in
the upper soil horizons of the transit zone. In
the accumulative zone, the gross content of
cobalt throughout the profile of deep solo-
netz is distributed approximately equally. Its
accumulation at any depth was not detected,
although the gross amount of cobalt accord-
ing to the grading is high. As noted earlier,
in an alkaline environment mobility of cobalt
decreases sharply, as evidenced by our data.
Mobile cobalt in the studied soils is less than
0.00001 mg/kg, except for deep solonetz A
horizon (0.0118 mg/kg).

Thus, all soils of the catenas of saline agro-
landscapes of the Barabinsk plain contain in-
creased and high content of gross cobalt. De-
spite its high content, it is not an environmen-
tal pollutant (MPC = 50 mg/kg) and does not
currently aggravate the sanitary and hygienic
situation in saline agrolandscapes.

*Protopopova L.G. The behavior of cobalt in the soil-plant system and the effectiveness of cobalt fertilizers in the Altai plains

and foothills: Ph. D in Agr. 2002, 232 p.

"Bityutsky N.P. Micronutrients and the Plant: Textbook. St. Petersburg: Publishing house of St. Petersburg State University,

1999. 232 p.
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In soils, the content of gross molybdenum
is in the range 0.013-17 mg/kg, the average
value (clark) is 2 mg/kg [3, 12]. S.F. Spitsina et
al. [13] found that the soils of the Altai region
is characterized by low gross molybdenum
content (0.1-1.2 mg/kg), which is associated
with its low gross content in the soil-forming
rocks (0.2-1.4 mg/kg soil). In the upper hu-
mus horizons gross molybdenum is more due
to biogenic accumulation [13]. According to
V.B. llyin et al. [14], the concentration of mo-
lybdenum in the south of Western Siberia is
much higher and averages about 4.3 mg/kg.
Consequently, the soils here are characterized
by a high content of this element, whereas the
soils of Altai Krai require the application of
molybdenum-containing microfertilizers.

The average content of molybdenum in
plants ranges from 0.0005-0.002%. Molyb-
denum is an important and essential chemical
element for plants and living organisms, it is a
part of enzymes responsible for nitrogen me-
tabolism, it improves phosphorus absorption
by plants, it is a part of nitrogenase, which
ensures growth and development of legumes
and vegetable crops. During vegetation, mo-
lybdenum accumulates in the young organs of
plants, and at the end of the growing season it
is concentrated in the seeds. The availability
of molybdenum to plants depends on pH val-
ue. In acidic soils its compounds are insoluble,
in alkaline soils they are available to plants. It
has been established that a significant part of
molybdenum in soil is associated with organic
matter and aqueous iron oxides [7].

As evidenced by our data (see Table 2),
the content of molybdenum in the soils of the
studied catenary in all geomorphological posi-
tions is within the clark - about 2 mg/kg of dry
soil. Only a small accumulation of it in the up-
per humus layer due to the increased content
of organic matter in it was noted [13]. Our data
slightly differ from those of V.B. Ilyin et al.
[14, 15], which is explained by the high alka-
linity of soils in saline agricultural landscapes
(up to 10 and more), in which molybdenum
compounds become mobile.

A. Azarenko [16] in the study of mobile
forms of trace elements in the soils of the

Omsk Irtysh Land region found that the larg-
est amount of mobile molybdenum is in alka-
line soils. Then come chernozems, the small-
est amount of this element is in sod-podzolic
soils. As noted by the author, in the profile
of chernozems and meadow-chernozem soils
there is an accumulation of this element in the
upper humus horizons, a decrease in the hori-
zons B and Bk, then its content increases again
due to the solubility of this element in an alka-
line environment.

Thus, the gross content of molybdenum
in the soils of saline agro-landscapes of the
northeastern part of the Baraba within the
Novosibirsk region is within the Earth clark.
Its greatest amount is in the humus layer, in
which molybdenum is fixed by soil organic
matter. According to the approved sanitary
and hygienic standards, its content in soils of
the katena is not dangerous for animal and hu-
man health.

Statistical processing of the material.

Using the correlation analysis of microele-
ment composition and physicochemical prop-
erties of soils a direct relationship between the
concentration of humus and the gross content
of cobalt has been revealed. In the eluvial and
transitional positions the correlation coefficient
was 0.55, in the accumulative position the cor-
relation relation is weaker (r = 0.18). Inverse
correlation between the concentration of humus
and gross chromium content was recorded on
the catena. In the eluvial zone, the correlation
coefficient is 0.65, in the transit zone - 0.25, and
in the accumulative zone - 0.53. In addition, a
close correlation between the content of physi-
cal clay (particles < 0.01%) and mobile nickel
was detected in all positions. The correlation
coefficient varied from 0.83 in the eluvial zone
to 0.92 in the transitional zone and 0.74 in the
accumulative zone.

CONCLUSIONS

1. The studied area of the northeastern part
of the Barabinsk plain within the Novosibirsk
region is typical for this geomorphological
position, which allows the obtained results of
research to be transferred with high probabil-
ity to the adjacent territories. The character-
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istic feature of the territory under study is the
presence of meadow-chernozem soils in the
eluvial zone of the catena, and of chernozem-
meadow soils of various degrees of alkalinity
and salinity in the transitional zone. In accu-
mulative zone, alkaline, meadow-marsh and
even marsh soils of different degree of alkalin-
ity and salinity can be formed.

2. The physicochemical properties of soils
of the catena change from the eluvial to accu-
mulative zone as follows: pH in the soil profile
increases from the eluvial position to the accu-
mulative position. Whereas in meadow-cher-
nozem soil it is neutral (alkaline in the parent
rock), in deep solonetz it is strongly alkaline
(pH 10 and more). The humus content in the
A horizons is high, while in the B horizons it
decreases sharply.

3. The granulometric composition of soils
by genetic horizons changes significantly,
which is typical for soils formed on alluvial
deposits. It largely determines the elemental
composition of soils.

4. In the eluvial position of the catena in
the profile of meadow-chernozem soils, the
minimum content of gross chromium falls on
the A horizon - 79.5 mg/kg dry soil. Deep-
er in the profile it increases to 102-141 mg/
kg and is within the limits above the MAC.
Some movement of chromium along the pro-
file takes place.

5. The maximum amount of gross nickel
and cobalt also falls on the profile of mead-
ow-chernozem soil, but it is within the limits
well below the MAC. From the eluvial to ac-
cumulative position, the gross content of these
elements decreases. Their quantity along the
profile of soils varies weakly, indicating their
weak mobility. The total content of molybde-
num in the studied soils is within the clark and
approximately the same throughout the depth.

6. In the studied saline agrolandscapes, the
content of nickel and cobalt in the soils by
catena is below the MAC and poses no dan-
ger from the ecological-toxicological point of
view. The gross contents of chromium and mo-
lybdenum are within the MAC and in certain
cases can cause tension of the ecological-toxi-
cological situation of the territory. This should

be taken into account in the agricultural use of
saline agrolandscapes.
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U3MEHEHUE BUOXUMHYECKHUX NOKA3ATEJIEH COU
B 3ABUCUMOCTH OT YCJOBUI BbIPAIIIUBAHUA

(X 'Kozak JI.K., 'UBauenko JL.E., 2TI'oaoxBact K.C.

!Brazosewenckuil 20cy0apcmeeHHblil neda202utecKull YHusepcumen

baarosemnienck, Poccust

2Cubupckuil pedepanvHulil Hayunvlll yenmp azpobouomexnonocuti Poccuiickoil akademuu Hayk

HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus
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[IpencraBiens! pe3ynnbTaThl aHAIN3a U3MEHEHNH OMOXMMHUYECKHX MMOKa3aTeleil COM B 3aBHCHMO-
CTU OT yCJOBHH BbIpamuBaHusi. OOBEKTOM HCCIIEOBAHUS CITy I 00pasipl cou (Glycine max (L.)
Merr) copra Jluaus u quxoii cou (Glycine soja Sieb. & Zucc.) popmbr KA-1344, BeipalieHHbIe Ha
€CTECTBEHHBIX TI0YBaX (KOHTPOIBHOH U C ITOBBIIICHHBIM COJEP)KaHHUEM TDKEIBIX METAJUIOB). AHAIN3
IIPOBOMJIM B JINCTHSIX, CTEONSX, KOPHSIX, IIBETKAX U CEMEHAX KYJILTYPHOH U JUKOW COU B pas3y epBOro
TpOIYATOro JIMCTA, IIBETEHNS U MyIofoHomeHs. CoaepikaHre MaJIOHOBOTO JMAJIbIETHAA U YAeIbHON
AKTHBHOCTH KHCIION (hocdarasbl Onpeaessuii CeKTpohoTOMETPUIECKAM METO/IOM, aKTHBHOCTB T1e-
POKCHIa3bl — KOIOPUMETPUIECKHIM, COJIEpYKAHUE IIMHKA, ME/IA ¥ CBUHIIA — aTOMHO-a0COPOIIMOHHBIM.
DnekTpodopeTHuecKre CIeKTPhl KUCION (ocdarasbl BBISBISUIA METOIOM MIEKTpodope3a Ha KOJIOH-
Kax 7,5%-ro moiIMaKkpuiIaMHUIHOTO Tens. BrisBieHre Ha Tene 30H ¢ ()epMEHTAaTHBHON aKTUBHOCTHIO
MIPOBOAMIIM COOTBETCTBYIOIIMMHU THCTOXUMHUYECKUMH METO/IaMH. YCTaHOBJICHO, YTO BhIPAIlUBAHUE
COM Ha TIOYBE C MOBBIIICHHBIM COJIEPYKAHUEM IIMHKA, MEJTH M CBHHIIA PUBOIAMUT K MX HAKOILICHHUIO B
ee opranax. Hambornpiiee copepikaHie HMCCIENyeMbIX METAIJIOB YCTAaHOBIEHO B KOPHAX. Briparu-
BaHHME COM Ha MOYBE C MOBBIIICHHBIM COJICPYKAHUEM ITMHKA, MEIM M CBUHIIA TPUBEJIO K YBEIIMICHUIO
yAETHHOM aKTMBHOCTH MEPOKCH a3kl B €e opranax. [Ipu 3Tom copeprkaHne MaJOHOBOTO TUANIBIETH A
Y KyJABTYPHOH COM JIOCTOBEPHO YBEITMUMBAIIOCH JIUIIH B CTEOJSIX B (Dasy MepBOro TPOHIATOTO JINCTA U
B KOPHSX B (Da3y IBETCHUS, y JIMKOW COU — B JIUCTBSX, CTEOJSAX M KOPHSIX B (pasy IepBOTO TPOHYATOro
JMCTa U B cTeONsX B (ha3y 1BeTeHUs. BBISBICHO, YTO MAKCUMAJIbHOW Y/IE/IbHONH aKTUBHOCTBIO KMCIIOH
(hocdarazer obmanaroT 1BeTKkU. KynmbTypHast cosi B yCIIOBHAX MOBBIIIEHHOTO CONIEPKAHUS [IMHKA, MEIIH
Y CBUHIIA B MOYBE XapaKTEPHU30BAJIACh YBEIUYCHHEM Y/ICIBHOW aKTUBHOCTH KHCJIOH (ocdara3sl u
TMOSIBJICHUEM HOBBIX MHOXKECTBEHHBIX (hopM. J{Jist UKo COM B 11€JI0OM OTMEUEHO CHUKEHHUE YICIbHOM
AKTHUBHOCTHU KUCIION (ocdaTaspl v yBeIHMUeHNE YUCTIa MHOYKECTBEHHBIX (popM (epMeHTa.

KuaroueBsie cioBa: cos, Glycine max, Glycine soja, anantaius, TsSHKelIble METaJIIbl, MAJIOHOBBIT
JMaJIbJICT U], IEPOKCHUIa3a, kucias pocdarasa

CHANGES IN THE BIOCHEMICAL PARAMETERS
OF SOYBEANS DEPENDING ON THE GROWING CONDITIONS
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!Blagoveshchensk State Pedagogical University,

Blagoveshchensk, Russia

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
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The results of the analysis of changes in biochemical parameters of soybeans depending on
growing conditions are presented. The object of the study was samples of soybean (Glycine max
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M3MeHeHne OMOXMMUYECKHX ITOKa3aresieil cCon Kozak /1.K., MBauenko JI.E., ['onmoxBact K.C.
B 3aBUCHMOCTH OT YCJIOBHIl BBIPAIIBAHHS

(L.) Merr) of the Lydia variety and wild soybean (Glycine soja Sieb. & Zucc.) forms of KA-1344
grown on natural soils (control and with a high content of heavy metals). The analysis was carried
out in leaves, stems, roots, flowers and seeds of cultivated and wild soybeans in the phase of the
first triple leaf, flowering and fruiting. The content of malonic dialdehyde and the specific activity
of acid phosphatase were determined by spectrophotometric method, the activity of peroxidase — by
colorimetric method, the content of zinc, copper and lead — by atomic absorption. Electrophoretic
spectra of acid phosphatase were detected by electrophoresis on columns of 7.5% polyacrylamide
gel. Identification of zones with enzymatic activity on the gel was carried out by appropriate
histochemical methods. It has been established that the cultivation of soybeans on soil with a high
content of zinc, copper and lead leads to their accumulation in the organs of soybeans. The highest
content of the studied metals is found in the roots. Growing soybeans on soil with a high content of
zinc, copper and lead led to an increase in the specific activity of peroxidase in its organs. At the same
time, the content of malonic dialdehyde in cultivated soybeans significantly increased only in stems
during the phase of the first triple leaf and in roots during the flowering phase, and in wild soybeans
in leaves, stems and roots during the phase of the first triple leaf and in stems during the flowering
phase. It has been revealed that the flowers have the maximum specific activity of acid phosphatase.
Cultivated soybeans, under conditions of increased zinc, copper and lead content in the soil, were
characterized by an increase in the specific activity of acid phosphatase and the appearance of new
multiple forms. For wild soybeans, in general, there was a decrease in the specific activity of acid
phosphatase and an increase in the number of multiple forms of the enzyme.

Key words: soya, Glycine max, Glycine soja, adaptation, heavy metals, malonic dialdehyde,
peroxidase, acid phosphatase
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INTRODUCTION important of which are soil properties and

Currently, one of the global environmental dynamics of spil processes, the concentratiqn
problems of our time is pollution of the of e.lemer.lts - th? environment and - their
environment with heavy metals [1]. To phys%olog%cal s1gn1ﬁc§1n<?e for plants, the
solve this problem different measures are physiological charact'en'stlcs 0fplant§, qtc. Eor
taken, including monitoring studies of the eachplantagharacterlstlc pgttern (?f distribution
state of various objects of the environment. of elements in organs and tissues is formed'*.

Significant interest is represented by research Excessive . levels of chemlf:al clements
of composition and intensity of influence of the have depressmg and even toxic effects on
chemical pollution of environment on the state plants. There is a statement that there are no

of plants growing in different ecological and toxic metals, there are toxic concentrations.
geographical conditions [2]. Consequently, trace elements and heavy metals

The influx of heavy metals in plants is 2 concepts referring to the same elements,
determined by a complex of factors, the most characterizing their concentration in different

Janadeleh H., Kardani M., Salemi M. Study of heavy metals effects on plants / Third International Symposium on
Environmental and Water Resources, Engineering. Tehran, Iran, 2-3 June 2015.
“LoginovaA.S., Otradnova M., Shilova N.A., Rogacheva S.M. Assessment of the safety of plant crops with soil contamination

by heavy metals // Technogenic and natural safety: Proceedings of the IV All-Russian scientific and practical conference (Saratov,
19-21 April 2017). Saratov: LLC "Amirit", 2017. Pp. 69-72.
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Changes in the biochemical parameters
of soybeans depending on the growing conditions

Kozak D.K., Ivachenko L.E., Golokhvast K.S.

environments [3]. The effect of heavy metals
on a plant may differ at various stages of its
development. Oxidative stress caused by the
action of heavy metals is one of the main ones
adversely affecting crops [4].

The enzyme system can serve as an indicator
of plant resistance. A well-studied enzyme is
peroxidase (ACP 1.11.1.X), which plays an
important role in the plant immune defense
system [5]. Acid phosphatase (ACP 3.1.3.2)
is of considerable interest since it is the most
important enzyme of the main metabolic
pathways of living systems and has not been
sufficiently studied for plants [6, 7].

The aim of the study was to investigate
the change in biochemical parameters in
the organs of cultivated and wild soybean
during ontogenesis depending on the growing
conditions.

MATERIAL AND METHODS

The material for the study was samples of
soybean variety Lydia and wild soybean form
KA-1344. We previously analyzed soils in
soybean growing areas [8]. For this study,
natural soils in the background point (control)
and with increased content of heavy metals
(experiment) were selected (see Table 1).

Soybean samples were grown ina greenhouse
at 18-28 °C. Before planting in selected soil,
seeds were surface sterilized with 70% ethyl
alcohol solution, washed with distilled water,
then planted in darkened vessels with soil. The
analysis was performed in leaves, stems, and

Taoda. 1. XapakrepucTuka no4B AJI UCCIEI0BaHUN

Table 1. Characteristics of soils for research

roots at the stage of the first triple leaf, in leaves,
stems, roots, and flowers at the flowering stage,
and in seeds at the fruiting stage.

For biochemical analysis, extracts of soluble
soybean proteins were prepared®. Protein in the
extracts was determined by the Lowry method
[9], the specific activity of acid phosphatase by
spectrophotometric method with p-nitrophenyl
phosphate as a substrate. Specific activity
was expressed in units per | mg of protein.
Multiple forms of the enzyme were detected
by electrophoresis in 7.5% PAAG, followed
by staining of the zones with appropriate
histochemical methods (see footnote 3).
The standard criterion for characterizing
multiple forms of enzymes is their relative
electrophoretic mobility (Rf). Previously, 13
forms of acid phosphatase with Rf from 0.04 to
0.75 were identified [10].

The content of malondialdehyde (MDA)
and specific activity of peroxidase were used as
markers of oxidative stress. Specific peroxidase
activity was determined by Boyarkin's
photometric method according to modification
by Mokronosov on photoelectric concentration
colorimeter KFK-2 (Russia) by the change in
optical density (see footnote 3). Benzidine
hydrochloride (Interkhim, Russia) was used
as a substrate. MDA content was determined
by reaction with thiobarbituric acid, which at
high temperature and acidic pH proceeds with
the formation of a colored trimethine complex*.
The contents of zinc, copper, and lead were
determined by atomic absorption method on
spectrophotometer KVANT.Z (Russia).

Content, mg/kg
Water- .
Soil Humus, pH Water-soluble forms soluble Labile forms
V) .
Yo of phosphate ions forms of
converted to PO, potassium Zinc lead copper
ions

Control 42+0,6 | 5,1+0,2 92+14 3,1+0,5 <1,0 <0,5 <1,0
Experiment | 4,6 0,7 | 50+0,2 15,7+2,4 73+1,2 20,2+6,1 | 09+0,3 | 2,4+0,7

SIvachenko L.E., Kashina V.A., Mascaltsova V.I., Razantsvey V.1, Stasiuk E.M., Trofimtsova [.A. Methods for studying the
polymorphism of soybean. Blagoveshchensk: Publishing house of BSPU, 2008. 138 p.

*Rogozhin V.V., Rogozhina T.V. Practicum on physiology and biochemistry of plants: a textbook. SPb.: GIORD, 2013. 352 p.
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Statistical processing of the obtained data
was performed using Microsoft Excel software.
Plant material was analyzed in two biological
and three analytical replications (6 replications
in total). The results were expressed as the mean
(n = 6) + standard deviation; the differences
were considered statistically significant at p <
0.05.

RESULTS AND DISCUSSION

Currently, increased attention is paid to the
accumulation and distribution of heavy metals
in plant organs, as well as their effect on the
main physiological processes and productivity.
The typical distribution of metals in plant
organs is as follows (in descending order): root
> aboveground mass > generative organs [11].
The ability to accumulate metals varies not only
between species, but also between varieties and
genotypes. Accumulation of heavy metals in
reproductive organs and seeds is less intense
[12]. This is of great biological importance
related to the preservation of reproductive
ability and seed productivity.

During the conducted analysis, soybean
organs were distributed according to their ability
to accumulate zinc (in descending order): roots >
seeds > leaves = flowers > stems (see Fig. 1, a).
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It is noted in the literature that, in general, zinc
is distributed among different plant organs as
follows: roots > leaves > stems > trunk (stem)5.
An increase in zinc concentration in all organs
of soybean plants under conditions of high
content of heavy metals in soil was observed.
The maximum was recorded in soybean roots,
from 37.65 to 56.02 mg/kg.

The distribution of copper by soybean organs
is as follows (in descending order): roots >
flowers = leaves > seeds > stems (see Fig. 1, b).
The content of copper in the samples grown
on the experimental soil is higher than in the
control. The maximum accumulation of copper
was recorded in soybean roots, from 18.83 to
28.97 mg/kg.

Lead accumulation capacity (in descending
order): roots > leaves = stems > flowers = seeds
(see Fig. 1, c). Most researchers who have
studied the distribution of lead in the organs of
various plant species report the predominant
accumulation of the element in roots [13]. We
also noted this pattern: lead accumulation during
cultivation on experimental soil occurs in all
organs of soybean. The concentration of lead
in the roots of soybean grown on experimental
soil was higher by more than 2.5 times relative
to the control. The minimum concentration of
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31mech U B puUC. 2—5 pa3inuuus ¢ KOHTPOJIEM JOCTOBEpHBI mpH p < 0,05

Fig. 1. The content of zinc (a), copper (b) and lead (c) in soybean organs (average) depending on the

agricultural background

*Here and in Figs. 2-5 differences with control are significant at p < 0.05

*Rogozhin V.V., Rogozhina T.V. Practicum on physiology and biochemistry of plants: a textbook. SPb.: GIORD, 2013. 352 p.
*Kabata-Pendias A. Trace elements in soils and plants. L.: CRC Press, 2011. 505 p.
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lead was established in the generative organs
of soybean, which indicates the protective
mechanisms that prevent the accumulation of
heavy metals in the seeds of plants.

Accumulation of heavy metals leads to
increased oxidative stress, markers of which are
MDA content and peroxidase test. The analysis
showed a significant increase in specific
peroxidase activity in most organs of cultivated
and wild soybean (see Fig. 2).

MDA content in cultivated soybean
significantly increased in the stems at the
first triplet leaf phase and in the roots at the
flowering phase; in wild soybean, it increased
in the leaves, stems, and roots at the first triplet
leaf phase and in the stems at the flowering
phase (see Fig. 3).

In the course of the studies, it was found
that soybean flowers were characterized
by maximum specific activity and high
heterogeneity of acid phosphatase (see Fig. 4,
A). When growing cultivated and wild soybean
on control soil, six and five forms, respectively,
were detected in the flowers. Growing soybean
on experimental soil resulted in an increase
in the specific activity of acid phosphatase in
flowers of cultivated soybean and a decrease
in wild soybean. At the same time, the number
of forms of the enzyme increased for wild

a
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A spc., units/mg protein

soybean (a new form of KF10 was noted) and
remained stable for cultivated soybean (see
Fig. 4, B). A significant increase in specific
activity of acid phosphatase in leaves (1.7 and
1.4-fold) and roots of cultivated soybean (1.4
and 1.6-fold) during the first triple leaf phase
and flowering, respectively, was observed. The
number of forms of the enzyme also increased:
a new form of KF5 (first triplet leaf) was
detected in roots, KF10 in leaves, and KF9 in
roots (flowering). Seeds were characterized
by minimal activity. Cultivation of cultivated
soybean on experimental soil led to an increase
in specific activity and a number of multiple
forms of acid phosphatase in seeds; a new form
of the enzyme, KF4, was noted (see Fig. 4, B).

For wild soybean, a decrease in the specific
activity of acid phosphatase in leaves, stems,
and roots during the phase of the first triplet
leaf was noted by 1.1; 2.5 and 1.8 times,
respectively, and in flowers by 1.2 times.
New forms of the enzyme in leaves (KF12),
roots (KF6, KF10) and flowers (KF10) were
revealed. An increase in the specific activity of
the enzyme was observed in leaves and stems
of wild soybean during the flowering phase by
1.5 and 2.6 times, respectively, and in seeds,
which correlates with the appearance of a new
form of the enzyme in leaves and seeds (KF5)
(see Fig. 5).
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Puc. 2. YnenbHast akTHBHOCTH TIEPOKCUIA3bI B Pa3IMYHBIX OpraHax KyJbTypHOU (@) 1 AuKoi cou (6) B
(azy nepBOro TPOHYATOTO JINCTA, IBETCHUSI U TUIOAOHOIICHHSI

Fig. 2. Specific activity of peroxidase in various organs of cultivated (a) and wild soybean (b) in the

phase of the first trifoliate leaf, flowering and fruiting
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Fig. 3. The content of MDA in various organs of cultivated (a) and wild (6) soybeans in the phase of the
first trifoliate leaf, flowering and fruiting
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Puc. 4. YnenvHast akTHBHOCTb (A) 1 cxeMbl dH3UMOrpamM (5) kucioit Gocdarasbl B pa3nmiuuHbIX OpraHax

KYJBTYPHOU cOH B (Daszy mepBoro Tpolvaroro jucra (a), uereHus (0) u miogoHoueHus (B):
1 — mucths; 2 — cTebnu; 3 — kopHH; 4 — BETKHU; 5 — cemena. CTpelika yKas3bIBaeT HampaBlieHHE dIeKTpodopesa (0T
Katoja K aHofy). CrpaBa ykazaHa HyMepanusl BEISIBICHHBIX (JOpM pepMeHTa

Fig. 4. Specific activity (4) and enzyme diagrams (B) of acid phosphatase in various organs of cultivated

soybean in the phase of the first trifoliate leaf (a), flowering (b) and fruiting (c):
1 —leaves; 2 — stems; 3 — roots; 4 — flowers; 5 — seeds. The arrow indicates the direction of electrophoresis (from
the cathode to the anode). On the right is the numbering of the identified forms of the enzyme

CONCLUSION wild soybean on the soil with increased content
of heavy metals, an increase in specific activity
of peroxidase in most organs of cultivated and
wild soybean was observed. The MDA content
in cultivated soybean increased significantly
only in the stems at the phase of the first triple
leaf and in the roots at the flowering phase; in

It was found that the cultivation of soybean
on soil with high content of zinc, copper and lead
leads to their accumulation in soybean organs.
The highest content of the studied metals was
found in the roots. When growing cultivated and
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Fig. 5. Specific activity (4) and schemes of enzymograms (B) of acid phosphatase in various organs of
wild soybean in the phase of the first trifoliate leaf (a), flowering (b) and fruiting (c):

1 —leaves, 2 — stems, 3 — roots, 4 — flowers, 5 — seeds. The arrow indicates the direction of electrophoresis (from the
cathode to the anode). On the right is the numbering of the identified forms of the enzyme.

wild soybean, it increased significantly in the
leaves, stems, and roots at the phase of the first
triple leaf and in the stems at the flowering
phase. Analysis of the specific activity of acid
phosphatase showed that the greatest activity
of the enzyme was in the flowers, which is
most likely due to the participation of acid
phosphatase in the mobilization of phosphate,
which is required in the processes occurring
at the flowering phase. In cultivated soybean
plants with increased content of zinc, copper
and lead in the soil, the specific activity of
acid phosphatase increased and new multiple
forms appeared: in leaves - KF10, in roots
- KF5 and KF9 and in seeds - KF4. For wild
soybean, a decrease in the specific activity of
acid phosphatase and an increase in the number
of multiple forms of the enzyme in leaves -
KF5 and KF12, roots - KF6 and KF10, flowers
- KF10, seeds - KF5 were generally observed.
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CPABHEHHME METOJAOB OLHEHKHU TEXHOJIOI'MYECKOI'O KAYUECTBA
JbHOBOJOKHUCTOM MPOAYKIUA

Kynpsimosa T.A., (<) Bunorpanosa T.A., Ko3bsikoBa H.H.

DedepanvHblll HAYUHbI YeHmp 1YOHbIX KVIbIMYP
Tseps, Poccusd
(<) e-mail: info.trk@fnclk.ru

IIpencraBieHbl pe3yabTaThl CPABHUTEIBHOTO aHANN3a OIICHKH TEXHOJIOTHYECKOTO KadyecTBa
JHLHOTPECTHI 1T0 OCHOBHBIM IPH3HAKAM: BBIXOAY M HOMEpY JUIMHHOTO W KOPOTKOTO BOJIOKHA, CO-
JIEpYKaHUIO M OOIIeMYy BBIXOAY BOJIOKHA, OMPEEIEHHBIX PA3IMYHBIMI METOJIAMHU TI0 HOPMaTHBHOMN
nokymenrauuu. HccnenoBanus nposenensl B 2001-2021 rr. B nbHOCeomux peruonax Poccuu:
Teepckoii, CmoneHckol, Bomoroackoii, Koctpomckoli oOnactsix. YCTaHOBIEHO, YTO OT BEIOpaHHO-
r0 METOJa OIICHKH 3aBUCUT WH(GOPMAIIMOHHAS [IEHHOCTh MMOJIYYEHHBIX PE3yJIBTAaTOB. AOCOTIOTHBIC
OTKJIOHEHUS CPETHETO YPOBHS 3HAUCHUU MPU3HAKOB, OTMPEICIICHHBIX PA3IUIHBIMU METOIAMH, CO-
CTaBJIIIOT IS BBIXONA IJIMHHOTO BOJOKHA 3,55-9,05%, ero momepa — 0,00—1,64 N, BBIXOmA KO-
potkoro Bojokuaa — 0,20-11,60%, ero mHomepa — 0,40-2,75 N, comepxaHus U 00IIETO BHIXO/Ia BO-
nokHa 0,40-10,80%. OTHOCHTENbHBIE OTKIOHEHUS AJIS TEX K€ MPU3HAKOB COOTBETCTBEHHO paB-
uel 24,0-44,5%; 0,00-13,60; 1,80-51,60; 1,30-44,40; 1,00-32,00%. Ha npuBegeHHOM mpumepe
MoKa3aH BO3MOXKHBIN Pa30poC B OIICHKE MHTEIPAIbHOTO TEXHOJOTHUYCCKOTO KAaueCTBa JIbHOTPECTHI
(ot HOMepa 1,25 mo 2,00 N) u croumoctu (19%) npowu3BeeHHON N3 HEE MPOAYKINUA (ITHHHOTO H
KOPOTKOT'O BOJIOKHA) TIPU YCJIIOBUHU OTMpPEACICHUS IO IBYM BapuaHTaM. [lepBeIif BapmaHT Tpe-
yCcMaTpHUBall ONpeIelICHIe BbIX0/1a IIIMHHOTO BOJIOKHA Ha JJa00paTOPHOM MSIBHO-TPENaIbHOM
cranke CMT-200M, nomepa muHHOro BoiokHa — no usmenenuto Ne 4 'OCT 10330-76, Beixoaa
KOPOTKOT'O BOJIOKHA — IO METOJUKE TEXHOJIOTMUECKON OLIEHKH KauecTBa JbHOTPECTHI HA MSUIBHO-
TpenansHON MamnHe TJI-40, Homepa kopoTkoro BosokHa — 1o 'OCT 9394—-76. Bropoii BapuaHT 3a-
KITFOYAJICS B HAXOKICHUH BBIXO/Ia JUTMHHOTO M KOPOTKOTO BOJIOKHA B TIPOU3BOJACTBCHHBIX YCIOBHIX
Ha MSTBHO-TPENAIBFHOM arperare, OpraHoJICITHIECKOH OlleHKe HoMepa IJTHHHOTO BOJIOKHA U OTIpe-
JISJIEHUU HOMEpPa KOPOTKOTO BOJIOKHA pacyeTHHIM IyTeM. CIenano 3aKiIfodeHie 0 He0OXOAMMOCTH
MIPUBEJICHUS YPOBHS 3HAYCHUH yKa3aHHBIX MMPU3HAKOB, ONPENEICHHBIX PAa3IMYHBIMU METOAMH K
€/IMHOMY YPOBHIO C IICJIbIO TIOBBIIICHUS WH(POPMAIIMOHHON IIEHHOCTH OIICHKH TE€XHOJIOTUYECKOTO
Ka4eCTBa JIbHOCHIPHSI.

KiioueBble ¢JIOBA: TEXHOJIOTUUECKOE KAaYECTBO, BBIXOA M HOMEP JJIUHHOTO M KOPOTKOTO JILHO-
BOJIOKHA, OOIINI BBIXO U COMIEPKaHNE JTHbHOBOJIOKHA, METOIBI OTICHKH, YPOBEHB 3HAUCHUH, HH(POP-
MaIMOHHAs IIEHHOCTh

COMPARISON OF METHODS FOR ASSESSING THE TECHNOLOGICAL
QUALITY OF FLAX FIBER PRODUCTS

Kudryashova T.A., (<) Vinogradova T.A., Kozyakova N.N.

Federal Research Center for Bast Fiber Crops
Tver, Russia
(<D e-mail: info.trk@fnclk.ru

The paper presents the results of a comparative analysis of technological quality assessment of
flax fiber by the main features: the yield and number of long and short fiber, the content and total
fiber yield, determined by different methods of regulatory documentation. The research took place
in 2001-2021 in the flax—growing regions of Russia: Tver, Smolensk, Vologda, Kostroma regions.
It is established that the information value of the obtained results depends on the chosen evaluation
method. The absolute deviations of the average level of the values of the signs determined by various
methods are 3.55 - 9.05% for the output of a long fiber, its numbers are 0.00 - 1.64 N, the output
of a short fiber is 0.20 - 11.60%, its numbers are 0.40 - 2.75 N, the content and total fiber output
are 0.40-10,8%; relative deviations are for the same signs, respectively equal, 24,0—44,5%, 0,00—
13,60%, 1,80-51,60,%, 1,30-44,40%, 1,00-32,00%. The given example shows a possible variation
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of flax fiber products

in the assessment of the integral technological quality of flax (from number 1.25 to number 2.00)
and the cost of the products produced from it (long and short fiber) (19%), subject to determination
by the following two options. The first option provided for the determination of the output of a long
fiber on a laboratory ribboner CMT-200M, the numbers of a long fiber - according to the change N4
GOST 10330-76, the output of a short fiber according to the method of technological evaluation
of the quality of flax on the ribboner TL-40, the numbers of a short fiber according to GOST 9394-
76. The second option was to find the output of long and short fibers in production conditions on a
ribboner, organoleptic evaluation of the number of the long fiber and determination of the number of
the short fiber by calculation. It is concluded that it is necessary to bring the level of values of these
signs determined by various methods to a single level in order to increase the informational value of
assessing the technological quality of flax raw materials.

Keywords: technological quality, yield and number of long and short flax fiber, total yield and
content of flax fiber, evaluation methods, value level, information value
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INTRODUCTION each of which requires assessment of product
quality level with sufficient accuracy according
to the current regulatory documentation [3].
Technological quality of fiber raw material
of fiber flax varieties depends on a combination
of the following features: yield and quality of
long and short fiber to obtain the maximum to-
tal yield, produced from flax straw of different
quality by traditional processing technology in
production conditions [4, 5]. These basic char-
acteristics ensure the level of processing and
use of raw materials as intended. However, at
present different methods are used to determine
the characteristics of flax raw material, the im-
plementation of which leads to different levels
of values of the same indicator? [6, 7]. One of

Timely and reliable information about the
quality of flax fiber production along the whole
technological line from variety breeding to pro-
cessing at flax processing plants is one of the
components of increasing efficiency of flax fi-
ber production’ [1, 2]. The problem of improv-
ing the quality of flax products is inextricably
linked to the assessment of the level of its in-
tegral quality, as well as the main attributes
that condition it, the objective features that are
observed during the creation, consumption and
operation. Planning, attestation, control, variety
creation, selection of the best product variant,
analysis of changes in individual quality pa-
rameters are the links of technological cycle,

'Trukhachev V.I., Belopukhov S.L., Dmitrievskaya I.I., Baybekov R.F., Zharkikh O.A. Quality and Safety Indicators of Flax
fiber // Database Registration Certificate 2021621161. 01. 06. 2021. Application Ne 2021620776 dated 22.04.2021.

2Romanov V.A., Rozhmina T.A., Kovalev M.M., Belopukhov S.S. Method of the technological value evaluation of fiber flax
stems // Patent for invention RU 259755 C1, 10.09.2016. Application Ne 2015108332/12 dated 10.03.2015.
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the important signs of technological quality -
the yield of long fiber from flax straw of differ-
ent quality - can be determined by the follow-
ing methods currently used [8-12].

— after processing flax straw on the CMT
200M laboratory ribboner according to GOST
24383-89 Flax straw.

Requirements for harvesting:

— on methods of technological evaluation
of flax raw material quality after processing on
flax pulling machine TL-40;

— after processing on a flax pulling machine
under production conditions.

Six methods can be used to estimate the long
fiber number.

To ensure that the information obtained in
the course of evaluation, relating to the deter-
mination of one or another quality trait, has the
necessary value, it must be timely, reliable and
comparable [13, 14]. Comparability of evalu-
ation results is one of the significant factors
influencing the correctness of breeders' conclu-
sions about the advantages of a new variety in
fiber yield and quality over varieties created
earlier, provided that these traits are determined
by different methods.

In addition, the correct orientation of pro-
ducer and consumer products also depends on
timely, reliable and comparable information
about its level of quality. Such information will
also make it possible to make informed deci-
sions aimed at improving the production activi-
ties of agricultural enterprises.

The aim of the research is to analyze the in-
formation value of assessing the technological
quality of flax fiber products using the existing
methods, to develop proposals for improving
metrological expertise in determining the main

quality attributes using different methods.

MATERIAL AND METHODS

The studies were conducted at the All-Rus-
sian Flax Research Institute (a separate subdi-
vision of the Research Institute of Flax of the
Federal Scientific Center of Bast Crops) and
flax-growing regions of Russia in 2000-2021
according to the scheme shown in Fig. 1.

The formation of flax straw batches of dif-
ferent quality of 30 fiber flax varieties of do-
mestic and foreign selection was carried out
in the period of harvesting in the conditions
of flax-growing farms and flax-processing en-
terprises of Smolensk, Tver, Kostroma, Pskov
and Vologda regions. When carrying out these
works, a special methodological program?® [1,
15] was used, which provided for control devel-
opments in accordance with the Rules of tech-
nical operation of flax-processing plants. At
optimal modes of production equipment opera-
tion, depending on the quality of initial flax raw
material, flax straw was processed according to
the traditional technology with obtaining long
and short fiber. The evaluation of features de-
termining the quality of flax fiber products was
carried out according to the current normative
documentation**®.

The following laboratory and production
equipment was used: ribboner CMT-200M, de-
corticator LM-3, motorized decorticator ML-
5, shive separation unit PC-2M, tensile test-
ing machine RMP-1, dynamometer DKV-60,
electronic scales VLKT-500, flexometer GV-3,
quadrant Po-2, moisture meter VLS, desicca-
tors SSh-2, US-4, standard samples of fiber col-
or, OBA device to determine separability, drier
for flax straw SKP-10LU, ribboner MTA, flax

3The Decree of the Ministry of Agriculture of the Russian Federation Ne 23 - p of March 10, 2016. "Procedure for determining
the norms of conversion of flax and hemp trusts into fiber" (As amended by the Russian Federation Government Decree No. 450

0f 12.06.2008). 7 p.

*GOST 24383-89 Retted straw. Conservation requirements. Official edition. Moscow: Publishing house of standards. 1990. 17 p.
SGOST 10330-76 Scutched flax. Technical conditions. Official edition. Moscow: Publishing house of standards. 1982. 11 p.

¢Amendment Ne 4 GOST 10330-76 Scutched flax. Technical conditions. Moscow: Approved and put into effect by the Decree
of the USSR State Standards Committee of 28.06.88 Ne 2441 1989. 11p.

"GOST 9394-76 Short flax fiber. Technical conditions. Official edition. Moscow: Publishing house of standards. 1981. 7 p.
$Methodical guidelines for technological assessment of flax straw and experiments on primary flax processing. Torzhok:

VNIIL. 1972. 58 p.
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scutching machine TL-40 and TL-4-2, dryer
for short fiber SKP-10KU, tow opener KPAL,
carding machine Ch-302-L, spinning machines.

The obtained results were processed using
methods of mathematical statistics. The distri-
bution of the trait values was checked for com-
pliance with the law of normal distribution us-
ing the "plus-minus three sigmas" rule and tak-
ing into account the excesses. Significance of
differences was determined by pairwise com-
parisons in equal and unequal samples using
Student's test [13, 14, 16].

RESULTS AND DISCUSSION

A comparative assessment of the level of val-
ues of the main attributes of technological qual-
ity of flax straw by the currently used methods
was carried out for 20 different samples con-
sisting of different numbers of batches - from
15 to 256.

Fig. 2 shows the level of long fiber yields
determined by the different methods. The aver-
age yield of long fiber from grass-retting flax
straw established by the three methods differs

by 3.55-9.05% absolute or 24.00-44.50% rela-
tive units.

Statistical processing by the method of
pairwise comparisons of data of equal samples
confirmed the significance of differences be-
tween the average values of long fiber yield
found by different methods at 95% probability
(see Table 1).

In order to determine the reliability and com-
parability of the results of estimation of the av-
erage level of values of long fiber number, fiber
content, total fiber yield, yield and number of
the short fiber by existing methods, a compara-
tive analysis of 15 samples consisting of differ-
ent number of batches was conducted. Earlier
studies [3, 6, 9, 10, 11, 15] proved that the ex-
perimental values of characteristics in random
samples are distributed according to the normal
law, since randomly selected samples do not
deviate from the general average by a value
exceeding the standard deviation by 3 times.
Due to the fact that in most cases the number
of pairs of compared values did not exceed 30,
we used the parametric Student's test to deter-

30
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Batch number

Puc. 2. YpoBeHb 3HaYCHHUM BBIXOAA JUIMHHOTO BOJIOKHA MIPH OMPENEICHUH 0 Pa3INUYHbIM METOAAM:
1 — BBIXOZ ATMHHOTO BOJIOKHA Ha 1a00paToOpHOM MsUTEHO-TpenansHoM cranke CMT-200M;

2 — BBIXOJ] IJTAHHOTO BOJIOKHA TT0 METOIMKE TEXHOJIOTUYECKOW OIIeHKH (TpenanbHas Mamuaa TJ1-40);

3 — BBIXOJI JUTMHHOTO BOJIOKHA Ha MSUTbHO-TpemnaibHoM arperare (MTA) npHO3aBOIA

Fig. 2. The level of long fiber output values when determined by various methods

1 — the output of a long fiber on a laboratory ribboner CMT-200M;

2 — the output of a long fiber according to the method of technological evaluation (ribboner TL-40);

3 — the output of a long fiber on a ribboner (MTA) of a flax plant
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Ta6a. 1. OnpejeneHre 3HAYUMOCTH PA3THINI MKy CPSTHUMU 3HAYCHHUSMHU BBIXO/IA JUTMHHOTO BOJIOKHA
Table 1. Determination of the significance of differences between the average values of the long fiber output

Average value Differences Error of Student's coefficient Conclusion
between difference of on the
Test method of the long fiber .
ield. % average the averages factual ¢ tabular ¢ significance of
yield, values d, % S, % b T differences
CMT-200M machine 20,30 5,50 1,49 3,07 2,05 Significant
TL-40 machine 14,80
CMT-200M machine 20,30 9,05 1,12 8,08 2,05 »
MTU 11,25
TL-40 machine 14,80 3,55 0,87 4,08 2,05 »
MTU 11,25

mine the significance of differences between
the mean values.

The data of pairwise comparison of the val-
ues of the above attributes are shown in Tables
2-4.

Six methods currently used to estimate the
quality of long fiber, four methods for fiber con-
tent, two for total yield, three for yield and short
fiber number were considered. It has been found
that the average level of long fiber number val-
ues determined by various methods varies con-
siderably: absolute deviations range from 0.00
to 1.64 N, and relative deviations range from
0.00 to 13.60% (see Tables 2-4). Fiber content
and total fiber yield of absolute units vary by
0.4-10.8%, relative by 1.0-32.0%, short fiber
yield by 0.2-11.6%, 1.8-51.6% respectively;
short fiber number by 0.40-2.75 N, 1.3-44.4%
of relative units. The results of determining the
technological quality of flax straw are largely
due to the chosen method of evaluation and can
lead to erroneous conclusions in breeding and
production activities in the field of flax fiber
production and processing.

Estimation by different methods of values of
yield and number of long and short fiber affects
the integral parameter of fiber production qual-
ity - fiber percent number (%N), on which tech-
nical and economic indicators of flax processing
enterprises depend and, in particular, adequacy
of determination of quality of harvested flax
raw material (see Fig. 3). Two options are pre-
sented for comparison. The first one consisted

in evaluating the yield of long fiber when using
a ribboner CMT-200M (20,3%), the number of
long fiber - according to the modification Ne
4 of the State Standard 10330-76 (10,73), the
yield of short fiber - according to the technique
of technological evaluation of quality of flax
raw materials on flax scutching machine TL-40
(9,4%), the number of short fiber - according to
the State Standard 9394-76 (2,38).

According to the second variant, the same
features were determined on a turbine scutch-
ing machine (TSM) under production condi-
tions (11.25%), by organoleptic evaluation
(10.56 N), on the TSM (12.6%), by calculation
(3.03 N), respectively. Technological quality in
the first variant was 240% N, in the second -
157% N (see Fig. 3). According to the norms of
fiber yield and quality’ from grass-retting flax
straw in the first variant the flax straw should be
estimated by the number 2.00, in the second -
1.25. The cost of production was calculated at
average prices established in recent years for
long and short fiber. The following prices were
adopted for 1 kg of long fiber N 10 - 131,35
rubles, short fiber - N 2 - 42,6, N 3 - 49,7 rubles,
with the difference in price of 1 kg of fiber be-
tween the neighboring numbers of 7,1 p. The
total cost of the manufactured goods produced
from one ton of flax straw in the first version
was equal to 31 994 rubles, in the second - 25
726 rubles. That is, the cost of production in the
second option was 81% of the production in the
first option experiment (see Figure 3).
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Taodua. 2. Pasnuuus cpeqHero ypoBHs 3Hau€HUH HOMepa JUIMHHOTO BOJIOKHA IPH ONpPEIeJICHUH 1O

CyHIeCTByrOuM METOJaM

Table. 2. Differences in the average level of long fiber number values when determined by existing

methods
Differences
. o Average long fiber
Ne i/n Method for determining the long fiber number
number, N A %
abc.
1 Change Ne 4 GOST 10330-76 Scutched flax 10,01 page 1 — page 2
2 Organoleptic evaluation 10,56 -0,55 5.2
Student's coefficient ‘ T o= 3,11 ‘ T, =205 Significant
3 Control combing technique GOST 10330-76 Scutched 1111
flax ’ page 3 —page 4
4 Organoleptic evaluation 10,56 045 43
Student's coefficient T o 3,01 ‘ T,=2,05 Significant
5 Change Ne 4 GOST 10330-76 Scutched flax 10,73 page 5 — page 6
6 Combing on the carding machine 10,99 -0,26 24
Student's coefficient T(b 2,90 ‘ T, =212 Significant
7 Change Ne 4 GOST 10330-76 Scutched flax 10,79 page 7 — page 8
8 Spinning 10,27 +0,52 4.8
Student's coefficient ‘ T 0= 4,01 ‘ T,=2,05 Significant
Control combing technique GOST 10330-76 Scutched
9 flax 10,45 Page 9 — page 10
10 Combing on the carding machine 12,09 164 13,6
Student's coefficient ‘ T(b =17,03 ‘ T,=2,07 Significant
1" Control combing technique GOST 10330-76 Scutched 10.38
flax ’ page 11 —page 12
1 Technological evaluation of raw flax quality (manual 10.38 0 0
combing) ’
The average values are the same
Control combing technique GOST 10330-76 Scutched
P e 1048 page 13— page 14
+
14 Spinning 10,25 0.23 22
Student's coefficient ‘ T(b =2,73 ‘ T,=2,07 Significant
Control combing technique GOST 10330-76 Scutched
flax page 1> —page 16
+
16 Change Ne 4 GOST 10330-76 Scutched flax 10,91 0,23 =
Student's coefficient T 0= 2,40 ‘ T,=2,07 Significant
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of flax fiber products

Taodua. 3. Pasnuuus cpeqHero ypoBHs 3HaUCHUH BBIXOJa U HOMEpa KOPOTKOTO BOJIOKHA ITPH OIIpeesie-
HHUM IO CYIIECTBYIOIINM METOAAaM

Table. 3. Differences in the average level of the output values and the short fiber number when
determined by existing methods

Ne o Average short fiber Differences
i Method for determining the output of short fiber
in output, % A %
Short fiber output
1 Short fiber output from dew-retted flax on an MTU, % 22,5
page 1 —page 2
2 Standard (estimated) short fiber output, % 11,1 14 50,7
Student's coefficient ‘ T 0= 18,30 ‘ T = 2,05 Significant
3 Short fiber output on the TL-40 machine 10,9
page 3 — page 4
-11,6 51,6
4 Short fiber output from dew-retted flax on an MTU, % 22,5
Student's coefficient T, = 16,80 ‘ T,=2,06 Significant
5 Short fiber output on the TL-40 machine 10,9
page 5 — page 6 18
6 Standard (estimated) short fiber output, % 11,1 0.2
Student's coefficient ‘ T 0= 1,91 ‘ T,=2,05 ‘ Not significant
Short fiber number
Ne o Average short fiber Differences
. Method for determining the number of short fiber
i/n number, N A %
abe. 0
1 Short fiber number using the organoleptic evaluation, N 5,13
page 1 —page 2
2,75 44 4
2 Short fiber number GOST 939476 Flax fiber short, N 2,38
Student's coefficient TQ] =15,70 ‘ T,=2,05 Significant
3 Short fiber number GOST 9394-76 Flax fiber short, N 3,12
page 3 —page 4
. 0,4 1,3
4 Short fiber standard number (estimated), N 3,08
Student's coefficient ‘ T P 18,40 ‘ T,=2,05 Significant
5 Short fiber number using the organoleptic evaluation, N 5,13
page 5 —page 6
—2 : 40,9
6 Short fiber number GOST 9394-76 Flax fiber short, N 3,12 ’
Student's coefficient 0= 16,80 ‘ T, =2,06 Significant
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Taoua. 4. Paznuuus cpeqHero ypoBHs 3HaU€HHUN COIepKaHMs U OOLIETO BBIXOAA BOJIOKHA IPH OIpe/e-

JICHUHU I10 CYIICCTBYHOIIUM METOAaM

Table. 4. Differences in the average level of the content and total fiber yield values when determined

by existing methods
Differences
.. Average fiber
Ne Method for determining the content
. content and total
i/n and total fiber output 6o %
fiber output, % ’
1 Fiber content (LM-3 + manual shive selection), % 30,3 page 1 — page 2
5,6 19,9
2 Total fiber output (MTU), % 24,7
Student's coefficient ‘ T o= 25,30 ‘ T,=2,07 Significant
3 Fiber content (LM-3 + manual shive selection), % 35,0
page 3 — page 4
2,0 5,7
4 Fiber content (LM-3 + PK-2M), % 33,0
Student's coefficient ‘ T o 2,08 ‘ T,=2,05 Significant
5 Fiber content (LM-3 + manual shive selection), % 29,9
page 5 —page 6
6,9 23,1
6 Total fiber output (TL-40), % 23,0
Student's coefficient Tq) =19,10 T, =2,06 Significant
7 Fiber content (LM-3 + manual shive selection), % 35,0
page 7 — page 8
-0,4 1,0
8 Fiber content (ML-5), % 35,4
Student's coefficient ‘ Tq) =1,12 ‘ T,=2,05 ‘Not significant
9  |Fiber content (LM-3 + manual shive selection), % 35,0 page 9 — page 10
0,5 1,4
10 | Fiber content (CMT-200M), % 34,5
Student's coefficient ‘ T o 1,93 ‘ T,=2,05 ‘Not significant
: _ 0
11 |Fiber content (ML-5), % 354 page 11 — page 12
12 | Fiber content (CMT-200M), % 34,5 0,9 2,5
Student's coefficient ‘ T, 2,06 ‘ T,=2,05 Significant
13 | Fiber content (CMT-200M), % 33,93 page 13 — page 14
14 | Total fiber output (TL-40), % 23,05 10,88 32,0
Student's coefficient ‘ T o= 18,20 T,=2,05 Significant
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Puc. 3. TexHOIOTHYECKOE Ka4ECTBO JIHHOTPECTHI U CTOMMOCTh IPOM3BEACHHON 13 Hee MPOIYKIINH B 3a-

BHUCHUMOCTH OT MCTOJAa OLICHKMU:

a — mpoLeHTOHOMepa BosiokHa (1); 6 — mpoIleHTOHOMEpa BOJIOKHA (2);
6 — CTOMMOCTb IIPOIYKIMHU B IpouieHTax (1); 2 — CTOMMOCTb MPOAYKIUHU B IPOLEHTAX (2)
Fig. 3. Technological quality of flax straw and the cost of its products depending on the method of

evaluation:
a - fiber percentage (1); 6 - fiber percentage (2);

6 - product value in percents (1); ¢ - product value in percents (2)

The analysis of assessing the technological
quality of flax straw fiber, formed depending on
the combination of basic attributes: yield and
quality of long and short fiber, fiber content and
total fiber yield, revealed the obvious need to
bring the level of these attributes defined by
different methods to a single level, so as to in-
crease the information value of the assessment.

CONCLUSIONS

1. A comparative analysis of assessing the
level of values of the main attributes of techno-
logical quality of flax raw material, determined
by different existing methods, was carried out.
It has been established that deviations by the
yield of long fiber of absolute units are 3,55-
9,05%, relative - 24,0-44,50%; by the yield of
short fiber - 0,20-11,60%, 1,80-51,6.0%; by
the number of long fiber - 0,00-1,64 N, 0,00-
13,60%; by quality of short fiber - 0,40-2,75 N,
1,30-44,40%; by content and total fiber yield -
0,40-10,80, 1,00-32,00% respectively.

2. In order to increase the informational val-
ue of determining technological quality of flax
straw, which depends on timeliness, reliability
and comparability of the results of evaluation
of the main features found by different meth-
ods, it is necessary to bring them to a unified
level. This will allow to make reasonable deci-
sions when creating new fiber flax varieties in
breeding work, in management of production
processes in production and processing of flax
fiber products.
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HNCIIBITAHUE HAHOYACTHUI MAKPO- U MUKPOJJIEMEHTOB
HA 3EPHOBBIX KVJIBTYPAX

<) Tumodeen B.H., Bbromuna O.A.
Hayuno-uccneoosamenvckuii uncmumym cenvckozo xozsaucmea CegepHozo 3aypanvs —
@unuan Tromenckozo nayunoeo yenmpa Cubupckozo omoenenus Poccutickou akademuu nayk

Tromenb, Poccust
(<) e-mail: Timofeev_vn2010@mail.ru

HWccnenoBanus mpoBeieHbI B CEBEPHOI iecocTeny TroMeHcKkol obnactu. B maboparopHbIX 1 1o-
JIEBBIX YCIIOBHSAX MCTIBITAHBI pa3IMYHbIe (POPMBI U JO3UPOBKH HAHOYACTHL MAKPO- U MUKPOAJIEMEH-
TOB M COIYTCTBYIOIIMX BELIECTB MPH 00pabOTKe CeMSH U PACTCHUH SPOBOW TPUTHKAJIC U MIICHU-
1pl. [Ipenaparsl IMeH MOJIOKHUTEILHOE BIMSIHAE HA IPOpAcTaHUe CEMSH, 00Jiee BHICOKHE HOPMBI
CHIDKAJIHM TTOKA3aTe YHEPTUN U BCXOKECTH. DHEPTHUS POPACTAHUS M BCXOKECTh CEMSH TPUTHKAIE
noBsIanch Ha 4—10% mpu NMPUMEHEHNH TPENapaToB C CoAepKaHNEeM HAHOUACTHIL ME/IA, MapTaH-
1a, MonubeHa, OMOTeHHOTO keje3a, Turtana M. O6paboTKa CyTOYHBIX MPOPOCTKOB TperaparaMu
Maprasua, Kajuplus, Monuoaena, Tutana M, OHoreHHOro >kenesa, 60pa, Kaiaus crocoOCTBOBaNA
YBEJIMYEHUIO JUTMHBI POCTKa Ha 7-e cyTkH Ha 7,8—25%, macchl pocTka Ha 6—-8%. Ha mpumenenue
KaJIMsl pearupoBajii TOJIBKO yiKe pa3BUBarOIIUecs pOCcTKH. OTMEYEeHO, YTO MPUMEHEHNUE OMOTEHHOTO
JKelle3a BBI3BIBAET CHIDKEHHE JTa0opaTopHOii BcxoxecTn ceMsiH Ha 4—10%, HO crmocoOCTByeT pa3Bu-
THUIO INIaBHOTO KOpHSA. Ero yBenmdenne coctaBmino 9—-12% 1o cpaBHEHHIO ¢ KOHTpoJeM. Bkirouenne
OMOTEHHOTO KeJie3a U KPEMHHUS B CMECh K XUMUYECKOMY IIPOTPABUTEINO CHUXKAIO 3((HEKTUBHOCTH
IIPOTUB KOpHEBBIX THIIEH oT 18% B Havane Bereranuu 110 30% k nepuony yoopku. [Ipumenenue
OMOTEHHOTO JKeJie3a CIIoCOOCTBOBAJIO TIOBBIINIEHUIO ypoxkaiiHoctu Ha 0,5-0,6 T/ra, unu 23%, B cu-
CTeMe KOMIUIEKCHOH 3allUThI KYJIBTYPBI TI0 cpaBHEHUIO ¢ KoHTposieM 1 Ha 0,16—0,23 T/ra — co cTan-
JAPTHOW CXEMOM 3alUTHI KyJIbTypbl. OTMEUEHO MOJOKHUTEIHHOE BIUIHNE ONOTEHHOTO JKee3a Mpu
00paboTke pacTeHHi B a3y KOJIOIIEHUS KaK OTACIHHOTO dIIEMEHTa TEXHOJIOTHH, TaK M B 0aKOBOM
cMecH ¢ (QyHTUIIIaMU.

KiioueBble c0Ba: HaHOUACTUIBI, MaKpOIIEMEHTHI, MUKPOIJIEMEHTBI, 3€PHOBBIC KYJIBTYPBI,
YPOKaHHOCTh, 3PPEKTUBHOCTD, OOJIC3HU PACTECHUI

TESTING OF MACRO- AND MICRONUTRIENT NANOPARTICLES
ON GRAIN CROPS

(<) Timofeev V.N., Vyushina O.A.

Research Institute of Agriculture of the Northern Trans-Urals — Branch of the Tyumen Scientific
Center of the Siberian Branch of the Russian Academy of Sciences

Tyumen, Russia

(<) e-mail: Timofeev_vn2010@mail.ru

The studies were conducted in the northern forest-steppe of the Tyumen region. Under laboratory
and field conditions, different forms and dosages of macro- and micronutrient nanoparticles and
associated substances were tested in the treatment of seeds and plants of spring triticale and wheat.
The preparations had a positive effect on seed germination, while higher rates reduced energy
and germination. The germination energy and germination of triticale seeds increased by 4-10%
with the application of preparations containing nanoparticles of copper, manganese, molybdenum,
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biogenic iron, Titan M. Treatment of daily seedlings with manganese, calcium, molybdenum, Titan
M, biogenic iron, boron, potassium increased sprout length by 7.8-25% and sprout weight by 6-8%
by day 7. Only already developing sprouts responded to the application of potassium. It was noted
that the application of biogenic iron causes a 4-10% decrease in laboratory germination of seeds, but
promotes the development of the main root. Its increase was 9-12% compared to the control. The
inclusion of biogenic iron and silicon in the mixture to the chemical dressing reduced the effectiveness
against root rot from 18% at the beginning of the growing season to 30% by the harvesting period.
The application of biogenic iron increased the yield by 0,5-0,6 t/ha or 23% in the system of complex
crop protection compared to the control and by 0,16-0,23 t/ha with the standard scheme of crop
protection. A positive effect of biogenic iron in the treatment of plants during the earing phase as a
separate element of the technology and in a tank mixture with fungicides was noted.
Keywords: nanoparticles, macroelements, microelements, grain crops, yield, efficiency, plant diseases
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INTRODUCTION

In the system of crop cultivation, seed dress-
ing is the easiest way to improve the quality of
seeds [1, 2]. Application of chemical plant pro-
tection agents has a regulatory effect both on
pest objects, and on the crop itself, its growth
and development. Their negative impact can be
corrected by using in a complex of preparations
to activate growth and reduce stress. The use of
microfertilizers enhances seed germination and
vegetative growth of plants in the first phases of
ontogenesis' [3, 4]. Stimulation of growth pro-
cesses can be expressed in a change in the effect
on plant organs, which shows the differences in
the direction of action of the preparations [5-7].

The use of foliar fertilizers with chelated
iron compounds contributed to an increase in
the indicators of yield structure [8, 9], the use

of microfertilizers during the growing season in
a mixture with nitrogen influenced the growth
dynamics of spring wheat [10], fertilization
with chelated zinc, copper and sulfur - on the
grain quality [11]. A prolonged use of chelated
forms of trace elements leads to inhibition of
growth processes compared to only the seed
treatment?[12, 13].

Reducing the volume of a substance or par-
ticle to nanoparticles to improve the conditions
of penetration and delivery of necessary sub-
stances to plants should promote seed germi-
nation, accelerate plant growth, increase crop
yields and protect plants from environmental
influences [14, 15].

In the studies of Iranian scientists, the ad-
dition of nutrient media containing selenium
particles was seen as a promising approach to

'Anikina L.M., Udalova O.R., Panova G.G. Influence of pre-sowing treatment of spring wheat seeds with silicon-containing

chelate microfertilizers on the growth and development of its seedlings / Modern state, problems and prospects of agrarian
science: proceedings of the V™ international scientific and practical conference: Simferopol: IT "Arial", 2020. Pp. 13-15.

’Chirko E.M., Timoshchenko V.G. Influence of growth regulators and microfertilizers on the germination of spring wheat
seeds // Agriculture - problems and prospects: collection of scientific papers of Grodno: State Agrarian University, 2019. V. 45:
Agronomy. Pp. 193-201.
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altering plant growth, morphology, metabolism
and anatomy, but there was an understanding
of the phytotoxicity of such use, which defi-
nitely introduces significant epigenetic varia-
tions in DNA. Such results are also true for
other nanomaterials: genetic damage to wheat,
toxic effects on primary plant development, en-
vironmental instability, and cytotoxic effects
on plants are evident. This necessitates a clear
elaboration of safe norms for the application of
nanomaterials on biological objects® [16, 17].
Ready-made macro- and microelement compo-
sitions are proposed for use in the main phases
of plant ontogenesis in combination with pes-
ticides, as well as a separate element of tech-
nology aimed at increasing the qualitative char-
acteristics or productivity of agricultural plants
by accumulating biomass and increasing the
assimilative surface®.

The purpose of the study was to determine
the effect of preparative forms containing
nanoparticles of macro- and microelements for
the treatment of seeds and vegetative plants of
cereal crops.

MATERIAL AND METHODS

The studies were conducted under laborato-
ry and field conditions at the Research Institute
of Agriculture of the Northern Trans-Ural Re-
gion, a branch of the Tyumen Scientific Center
of the Siberian Branch of the Russian Academy
of Sciences, northern forest-steppe zone. The
measurements and observations were carried
out according to the standard methodological
guidelines adopted in the State Crop Testing
Committee, crop production, and plant protec-
tion. Under laboratory conditions, a compara-
tive assessment and selection of macro- and
microelement solutions (nitrogen, phosphorus,
potassium, calcium, manganese, magnesium,
molybdenum, boron, zinc, copper, biogenic
iron, Titan M and their mixtures) with the most

positive effect on energy, germination and
growth functions were performed. The content
of the main active ingredient was 10-40 mg/ml,
the accompanying substances in the form of sil-
ver - 1 mg/ml, stabilizers nanodispersity poly-
vinylpyrrolidone - 20%, collagen hydrolyzate
- 15%. There are at least six variations for each
element. Of these, the variants with the most
positive effect were selected and studied in the
second stage of research.

Seeds were treated before sowing with an
hour exposure. Preparation of the working so-
lution was calculated per 100 g of seeds, ap-
plication rates from 1 to 100 ml/t or per 1 ha
depending on the type of the experiment. Deter-
mination of the effects of the preparations dur-
ing treatment of seeds and daily seedlings was
carried out in Petri dishes and in wet rolls. Phy-
to-examination of seeds, assessment of seed in-
festation by various pathogens were performed
on the 7% day. Then we sowed seeds with
daily germination after treatment with prepa-
rations, 20 pieces per cup in five replications.
The samples were planted according to GOST
12038-84°. Sprout length, root length, weight
of vegetative organs, reduction of fungi on
seeds were taken into account. Seeds of spring
triticale were used in the experiment. Biogenic
iron hydroxide (ferrihydrite) produced by the
Krasnoyarsk Research Center was evaluated
under field conditions in the protection system
of spring wheat.

Biogenic iron was applied in appropriate
phases of development to determine its effect
on wheat plant development, diseases, and
yield. The soil of the experimental plot is dark
gray forest heavy loam. The field experiment
was set up under standard agrotechnical condi-
tions in a shallow plot area of 20 m? with four-
fold repetition. During the growing season the
lesion of root rot and leaf-rolling diseases was
determined.

SNanocides may become an alternative to conventional insecticides: [Electronic resource]. URL: https://glavagronom.ru/news/
nanopesticidy-mogut-stat-alternativoy-obychnym-insekticidam, https://www.azonano.com.

*V. Popova, N.V. Goman, M.A. Kireeva Influence of foliar feeding with zinc and copper chelates on the quality of spring wheat
grain when growing on meadow-chernozemic soil // Environmental readings - 2020: materials of the 11th National Scientific and
Practical Conference with international participation. Omsk, 2020. Pp. 459-464.

SGOST 12038-84 Seeds of crops. Methods of analysis. Moscow: Publishing house of standards, 2004. 47 p.
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The yield was counted by selection of sheaf
material, mechanical threshing of plots. Analy-
sis of seeds for quality parameters was carried
out according to the relevant GOSTs®. Statisti-
cal data processing was performed using Excel
program.

RESULTS AND DISCUSSION

In laboratory studies the results of different
effects of the application of preparations con-
taining nanoparticles of macro- and microele-
ments were obtained. A comparative evaluation
was carried out with more than 20 preparations
with different rates of application. The positive
effect of the preparations or its absence was
noted. Mixtures consisting of 3-5 substances
showed a neutral or negative effect when the
elements and application rates were increased.

Preparations containing copper, zinc, boron,
calcium and ready-mixed P + K with stabilizer
PVP (polyvinylpyrrolidone) + Ag-C modifier,
N + P + PVP + Ag-C at the solution rate of 5
ml/t had a positive effect on germination. High-
er rates reduced energy and germination.

Triticale seeds germination energy increased
with the application of preparations contain-
ing copper, manganese, molybdenum, biogenic
iron, Titan M. The increase in growth energy
was 4-10%. Superiority was in the preparations
Titan M at 500 ml/t (+7%), molybdenum at 10-
50 ml/t (+10, +7%). As a result, out of 58 varia-
tions, positive effect was found in five prepara-
tions with certain norms (see Table 1).

Seed germination in some variants was at
the level of the initial germination energy or
had an increase depending on the applied ele-
ment. Significant increase in germination was
noted for calcium, manganese preparations at
the rate of 5 ml/t (+4, +5%), Titan M - 500 and
molybdenum - 10-50 ml/t (+6, +10%).

The study of manganese nanoparticles (sul-
fate monohydrate) in most variations had a
stimulating effect on the growth processes of
spring triticale, but the use of collagen hydro-
lysate (HC) as a stabilizer of nanodispersity

reduced the positive effect of the preparation
in seed treatment. Manganese as normal up to
20 mg/g in the studied combinations in combi-
nation with the stabilizer (PVP) contributed to
an increase of energy, germination, growth of
vegetative organs, which assumes its use as a
stimulating agent in seed treatment.

In variants with magnesium, variations with
positive effect on germination were determined:
Mg 10-20 mg + PVP with the rate of 1-5 ml/,
Mg 10 mg + HA with the rate of 1 ml/t. A great-
er effect on root development was observed
with Mg 10 mg + Ag (silver) 1 ml + PVP at
the rate of 1 ml/t. All variations of magnesium
had a positive effect (at the rate of 1 ml/t) on
the sprout development with an increase in its
length by 1.1-2.1 cm and limitation of coleop-
tile growth by 0.5-1.2 cm. Treatment of daily
sprouts with Mg 20 mg + PVP; Mg 10 mg + Ag
1 ml + HA contributed to an increase of sprout
length by 2,7-2,9 cm and weight by 1,0-1,3 g at
the rate of 5 ml.

The use of the same preparation in the treat-
ment of seeds and already developing plants can
have a different effect on their initial growth.
Two criteria were compared: the total length of
all sprouts (on average 9-15 cm) and the length
of sprouts with normal healthy development
(13,0-15,0 cm). It was noted that in some vari-
ants the sprout development was normal, with-
out lagging, in others the effect of the prepara-
tion on growth inhibition was established. The
increase in sprout length was observed for the
preparations Mn (10 ml/t), Ca (10), Mo (50),
Titan M (50), biogenic Fe (5 ml/t), B (5 mg/g +
HA (10%), 1 ml/t), K (1000 ml/t). Of these, B
5 mg/g + HA (10%), 1 ml/t, K 1000 ml/t had a
significant effect. The increase of sprout length
was 1,0-3,2 cm, or 7,8-25%, of sprout crude
weight 0,5-1,4 g, or 6-8%. Treatment of seeds
with potassium had no effect on their germina-
tion activity, but treatment of the germinating
seed had a positive effect on the growth func-
tions of the young plant. Growth inhibition of
triticale plants was observed in the following
variants: Fe304, 5+ SiO, 2+ N, 5 + K, 10 ml/t;

°GOST 1386.5-93, GOST 30483-97, GOST 12042-80, GOST 10840-64, GOST 13586.1-68.
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Taodua. 1. DHeprust 1 BCXOXKeCTb CeMsIH Ipu 00paboTke npenaparamu, %
Tabl. 1. Energy and germination of seeds when treated with preparations, %

Ne i/n Option Energy Germination
1 K, 10 ml + N, 5 ml + SiO, 1 ml + Ca, 5 ml/t 8688 (+1) 8891 (+2)
2 Cu 2, 5 ml (> reduces energy and germination) 89-91 (+4) 89-91 (+3)
3 Mn 3, 5 ml/t (>at the control level)) 89-91 (+4) 91-92 (+4)
4 Ca 5, 5 ml/t (>reduces energy and germination) 86-91 (+2) 90-94 (+5)
5 Biogenic iron, 5 ml/t 88-91 (+4) 87-92 (+3)
6 Titan M, 50 ml/t 88-92 (+4) 87-93 (+3)
7 Titan M, 500 ml/t 92-94 (+7) 91-95 (+6)
8 Mo 2, 5 ml/t 87-90 (+3) 89-91 (+3)
9 Mo 2, 10 ml/t 95-97 (+10) 96-98 (+10)
10 Mo 2, 50 ml/t 91-94 (+7) 92-94 (+6)
11 Zn 2000 ppm, 10 ml/t 82-85 (-2) 82-87 (-2)
12 Mg, 20 mg/ml + PVP particles < 10 nm, 1-5 ml/t 84-88 (-) 8791 (+2)
13 4B 5 mg/g + GA (10 %), 1 ml/t 83-87 (-1) 84-88 (-1)
14 P+ K 10-12 mg/g + PVP 15% + Ag-C 0,5 mg/g, 500 ml/t 83-88 (-) 83-88 (-1)
15 P+ K 10-12 mg/g + PVP 15% + Ag-C 0,5 mg/g, 1000 ml/t 85-87 (-) 87-89 (+1)
16 N+ P 4-9 mg/g + PVP 15% + Ag-C 0,5 mg/g, 10 ml/t 79-83 (-5) 82-86 (-3)
17 5K, 10 ml/t 78-80 (-7) 88-90 (+2)
18 5K, 50 ml/t 85-90 (+2) 88-90 (+2)
19 5K, 100 ml/t 86-90 (+2) 87-91 (+2)
20 7 N, 100 ml/t (ot 5-50 ml/t influences positevely) 81-85 (-3) 88-92 (+3)
21 Control (water) 84-88 (—2,95) 86—88 (-)

LSD,, 2,99

Note. 1, 11-15, 18, 19 — neutral influence; 16, 17, 20 — negative; 3, 7, 9, 10 — positive.

Fe3o04, 100 ml/t; Zn 2000 ppm, 10 ml/t; N +
P4-9 mg/g + PVP15% + Ag-C, 10 ml/t. The
shoot length lag was 1-3.5 cm, weight - up to 4
g. Neutral effect (drug dosage was insufficient
or its effect was weak) was observed in vari-
ants: Cu (2, 50 ml/t); Mn (3, 10 ml/t); Mo (2,
10 ml/t); Mg, (20 mg/ml) + PVP < 10 nm, 1
ml/t); K (500 ml/t); N (10 ml/t). The effect of
some preparations when comparing the total
sprout length showed a lag or was at the con-
trol level, but when comparing normally devel-
oped sprouts, their values increased, which is
also confirmed by the crude weight of plants
(see Table 2).

In the field study of biogenic iron we treated
seeds and plants during the growing season in

the main phases of protection agents applica-
tion. Seed germination after treatment with
tested means compared to control varied within
60-79%. The effect of biogenic iron on reduc-
tion of germination or inhibition of seed ger-
mination processes was noted. According to
some authors, oxidative stress and reduction
of seed germination can be caused by nanopar-
ticles of many metals (silver, gold, iron), fer-
rites, as well as oxides of zinc, nickel, copper,
iron, titanium, silicon [18-20]. Seed germina-
tion rate decreased by 4-10% during treatment
with biogenic iron. It is probably necessary to
limit the use of iron for their treatment, because
it inhibits the emergence of sprouts and growth
in the first phases of plant development. Bio-
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Ta6a. 2. PocT pacTeHuii spoBoii TpUTHKaJE MPU 00PaOOTKE CyTOUHBIX MPOPOCTKOB
Tabl. 2.The growth of spring triticale plants when processing day old seedlings

No oni Normally Sprout length total / Sprout mass per
o ption developed | normally developed | it 0 B
plants, % plants, cm
1 |Fe,0,5+8i0,2+N,5+K, 10 ml/t 85 11,71/12,61 9,05
2 |Cu2,50mlt 85 12,70 9,47
3 |Fe304, 100 ml/t 90 11,65/12,64 9,10
4 |[Mn 3, 10 ml/t 90 12,27/13,31 9,73
5 |Ca$5, 10 ml/t 80 13,59 10,43
6 |Cas5,50ml/t 80 13,00 9,81
7 |Biogenic Fe, 5 ml/t 90 13,58 9,88
8 | Turan M, 50 ml/t 95 12,5/13,38 9,63
9 |Mo 2,10 ml/t 95 12,81 9,15
10 |Mo 2, 50 ml/t 95 13,00/13,64 9,00
11 |{Zn 2000 ppm, 10 ml/t 90 9,25/9,88 5,85
12 |Mg, 20 mg/ml + PVP <10 nm, 1 ml/t 90 12,60 8,94
13 |B 5 mg/g+ GA (10%), 1 ml/t 90 13,74-14,11 9,55
14 |P+ K 10-12mg/g + IIBI115% + Ag-C, 10 ml/t 90 13,11 9,00
15 |N+P4-9 mg/g+TIBII15% + Ag-C, 10 ml/t 95 11,42 7,52
16 |K, 500 ml/t 100 12,9 8,8
17 |K, 1000 ml/t 95 14,33/15,96 9,62
18 |N, 10 ml/t 90 12,69 8,601
19 | Control (water) 95 12,74 9,0
LSD 4,5 0,62 0,49

genic iron had a positive effect when treating
plants during the growing season, especially
during the active growth of the green parts of
the plant. Treatment with biogenic iron had the
same effect on the development of root system:
the growth of the main root increased by 1,2-
1,8 cm, or 9-12%, its weight increased by 0,6-
0,9 g (see Table 3).

Application of chemical dressing reduced
the length of coleoptile, and none of the prep-
arations had a positive effect on its response.
Sprout length had a significant increase of 1.7
cm only in the variant where liquid fertilizer
was used, in the variant with biogenic iron there
was a decrease in length by 2.2 cm and sprout
weight by 0.9 g.

The efficiency of reducing infection on
seeds with infection by fungi of the genus Al-
ternaria - 10-12%, Fusarium - 2-7%, Bipolaris
sorokiniana - 0-2% when treated with a chemi-
cal dresser was 100%; when adding biogenic
iron and silicon to the mixture, the reduction
was 90-95%.

The occurrence of root rot in the initial pe-
riod of vegetation has a great impact on further
growth, development and yield of the crop.
In the tillering phase the disease development
without treatment with a chemical dressing
was 1.4%, spreading - 5.6%. During the grow-
ing season lesion increased 3-fold. Chemical
dressing protected plants from root rot up to the
phase of the beginning of tubing by 100%. Dur-
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Ta6a. 3. BexokecTs U pa3BUTHE 3apOJIBIIIIEBEIX OPTAHOB HA 7-€ CYTKH TOcie 00paboTKu
Tabl. 3. Germination and development of germinal organs on the 7th day after treatment

Dressing option Germ[i;;n ation, 131(;?12, mlz(s);),tg C?éﬁglzle lseirgotllllt, r?g Z(s)}l;
cm cm cm

Disinfectant + insecticide + fertilizer (72-82) 77 | 12,99 1,84 4,75 11,37 3,62
+0,49 | +0,13 -2,0 +1,72 | —0,08

Control (without treatment) (73-86) 78 | 12,5 1,71 6,75 9,65 3,70
Disinfectant + Biogenic Fe, 1 ml (66-76) 61 | 14,1 2,67 4,1 7,4 2,73
+1,6 +0,96 -2,65 | 2,25 | 0,97

Disinfectant + SiO,, 1 ml (74-84)79 | 14,3 2,54 4,75 9,3 3,39
+1,8 +0,83 -2,0 -0,35 | -0,31

Disinfectant + Si02, 1 ml + Biogenic Fe,1 ml (72-84) 78 13,7 2,34 5,0 9,7 3,56
+1,2 +0,63 -1,75 | +0,05 | —0,14

LSD,, 1,08 0,54 1,72 1,6 0,36

ing the growing season, the decrease in protec-
tive function against disease development oc-
curred to 78-84 and 71-79% against its spread.
The inclusion of biogenic iron and silicon in
the mixture to the chemical dressing reduced
the effectiveness against root rot by 18-22% in
the initial vegetation period, by the harvesting
period of the crop - by 30-40%. When treated
with a standard mixture (fungicidal disinfectant
+ insecticidal disinfectant + fertilizer) the effec-
tiveness was higher by 8-17% in relation to the
application of disinfectant in the mixture with
iron, silicon (see Table 4).

The crop yield in conditions of average
weediness before treatment with herbicides
and weak manifestation of leaf-rolling diseases
during the growing season was 2.4 t/ha in the
control. The application of a complex of plant
protection products increased by 0.4 t/ha, the
double application of biogenic iron at seed
dressing and at the earing phase - by 0.56 t/ha,
when applying biogenic iron at tillering and
earing phases in combination with silicon - by
0.63 t/ha. LSD, was 0.2, which significantly
exceeds the value of the standard scheme of
protection (fungicide + insecticidal protector +

Taodua. 4. DddexruBHOCTH 0OPaOOTKM MPOTHB KOPHEBBIX THUIIEH, %0

Tabl. 4. Treatment efficacy against root rot, %

Tillering phase Before harvesting
Dressing option Develop- Spread Effective- Develop- Spread Effectiveness
ment ness ment

Disinfectant + insecticide + fertilizer 0 0 100 0,72—-1,01 | 2,90-4,05 | 84,42-78.2
Control (without treatment) 1,4 5,62 — 4,65 13,95 -
Disinfectant + Biogenic Fe, 1 ml 0,25 0,99 82,38 1,35 4,59 70,96
Disinfectant + Si02, 1 ml 0,25 1,01 82,02 1,76 5,04 62,15
Disinfectant + Si02, 1 ml + Biogenic 0,3 0,96 78,5 1,42 4,66 69,46
Fe,1 ml
LSD,, 0,22 0,92 6 0,32 1,2 8
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fertilizer). Application of silicon alone was at
the level of standard protection. When assess-
ing the use of biogenic iron, its positive effect
was noted in the phases of tillering and earing
and with greater efficiency in the phase of the
beginning of earing in combination with fungi-
cides or without them.

CONCLUSIONS

1. A positive effect on the germination en-
ergy (by 4-10%) and germination rate of spring
triticale seeds was produced by using prepara-
tions containing copper, manganese, molyb-
denum, biogenic iron, Titan M. Of these, the
preparations Titan M and molybdenum had a
clear advantage (+7, +10%).

2. The effectiveness of micronutrient
nanoparticles is enhanced by the inclusion of
stabilizers that increase or decrease the effect of
the elements.

3. The effect of micronutrients in the treat-
ment of daily seedlings on the sprout length
was observed in preparations of manganese,
calcium, molybdenum, Titan M, biogenic iron,
boron, potassium; the increase in sprout length
was 7.8-25%, its weight - 6-8%.

4. Application of biogenic iron in seed pre-
treatment together with a chemical dressing
promoted root growth by 12%; germination
of seeds when treated with biogenic iron de-
creased by 4-10%.

5. Application of macro- and microelements
in combination with chemical dressing reduced
the effectiveness against root rot during the
growing season by 16-30%.

6. The application of biogenic iron helped
to increase the yield by 0,5-0,6 t/ha, or 23%,
in the system of complex crop protection in
comparison with the control and by 0,16-0,23
t/ha - with the standard scheme of crop protec-
tion. The positive effect of biogenic iron in the
treatment of plants in the phase of earing as a
separate element of technology, and in a tank
mixture with fungicides was noted.

7. The application of macro- and micronutri-
ent nanoparticles described in this study is pos-
sible both for seed pre-sowing treatment and
during the growing season to stimulate growth.
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CO3/IAHME CEJEKIMOHHOM I'PYIIIbI TEPE®OPICKHUX KOPOB,
VJIYUYIIEHHBIX BBIKAMHU KAHAJICKOM PENTPOJYKIIUN

Huepoaes b.0., Xpamuosa U.A., C<X) UuepoaeBa A.T.

Cubupckui ghedepanvubviii Hayunwlil yenmp azpodbuomexnono2uil Poccuiickoti akaoemuu HayK
HoBocubupckas obnacts, p.i. Kpacnoob6cek, Poccust

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

[IpencraBieHsl pe3yabTaThl UCCISIOBAHMIA TIO CO3JAaHHIO CEIEKIIMOHHON TPYIIBI repedopacKux
KOPOB B IUIEMEHHOM pernpoaykTope HoBocuOupckoit 061acTi. YcTaHOBICHO, YTO 10 KMBOW Macce
HAUMEHBIIUH K03(D(QHUIIMEHT N3MEHYMBOCTH UMEIOT KOPOBBI ¢ 3-ro 1o 7-it oten (ot 1,9 no 2,7%),
1o MosiogyHOCTH — 0T 1,9 10 5,6%. 1o BeIcOTE B KpecTiie (XapaKkTepu3yIomiasi BRIpaXeHHOCTh THTIA)
Bapuanusa coctaBmia 1,3—1,6%. Mcxoas u3 aTux mokaszareneir oToOpaHa U OIleHEHa CeIeKIMOHHAs
rpyInmna KopoB B KoauuecTBe 82 roi. B cpenneM sxuBast Macca ®KUBOTHBIX cocTaBuia 570,5 Kr ¢ npe-
BOCXOJICTBOM IOKa3aresisi ctanaapTa nopoast Ha 50,5 kr, unu 9,7%, U COOTBETCTBOBAJIA KIIACCY JIU-
Ta-pexopa. CeneKHMOHHbIH nuddepeHnnan mno X1Boi Macce KOPOB BCETO CTaAa U CEIEKINOHHON
rpymmsl coctaBui 11 xr. C yuerom xkoadduimenta HaciexyeMocTy 1 3dexTa celeKIuy Ha IepBoe
ITOKOJIGHUE JUTA JTOCTFDKEHHS MOKa3aTesel jKeIaTeIbHOTO THIIa Ha OCHOBE KOPOB CENEKIIMOHHOMN
rpynmsl moHagooutcs 3,5 moxonenus (10,5 meT), COOTBETCTBEHHO MO MOJOYHOCTH — 3,9 TMOKoJIe-
uus (4,5 rona). bonee 3¢ (ekTHBHOTO CENEKITMOHHOTO TOCTIKEHHSI MOYKHO JOOHUTHCS 110 BHICOTE B
kpecrtie (1,1 mokonenus u 3,3 roga). Jlecars ObBIKOB-TIPOU3BOIUTENEH, OTOOPAHHBIX IS 3aKa3HO-
rO cliapyBaHMs, OAHOPOIHBI U OLIEHEHBI KJIacCOM 3HuTa-pekop. I1o xuBoil Macce MpeBOCXOAUIN
ctanzapt nopossl B 3 roga Ha 151,5 xr (8,1%), B 5 ner u crapuie — Ha 115,3 kr (14,1%). Onu xa-
PaKTEpU3yIOTCS] XOPOIIO BRIPAKEHHBIM JKeJIaTeNIbHBIM THUIIOM TEJIOCTIOXKEHNs. BIknu-nipon3BouTe-
JIY, TIOJY4YEHHBIE OT Kpocca KaHAACKONW W CHOMPCKOM CENEeKITNi ¢ KOMITJIEKCHBIM HHIIEKCOM «by, o
kadecTBy noromctBa 104—105 npu3HaHbl yaIy4dllaTeNsIMH.

KuaroueBbie cjioBa: opojia, CeIeKIMOHHAs TPYIIa, )KUBas Macca, MOJIOYHOCTh, U3BMEHYHBOCTD,
MTOKOJIEHNE

CREATION OF A BREEDING GROUP OF HEREFORD COWS IMPROVED BY
BULLS OF CANADIAN REPRODUCTION

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

Siberian Federal Scientific Center of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<) e-mail: atinerbaeva@yandex.ru

The results of research on the creation of a breeding group of Hereford cows at the Novosibirsk
Region breeding reproducer are presented. It was found that cows from the 3rd to 7th calves have the
lowest coefficient of variability for live weight (from 1.9 to 2.7%), for milk yield - from 1.9 to 5.6%.
The variation in height at hips (characterizing the manifestation of the type) was from 1.3-1.6%.
Based on these indicators, a breeding group of 82 cows was selected and evaluated. The average live
weight of the animals was 570.5 kg, which exceeds the standard of the breed by 50.5 kg or 9.7%,
and corresponded to the elite-record class. The selection differential by live weight of cows of the
whole herd and breeding group was 11 kg. Taking into account the coefficient of inheritance and the
effect of selection on the first generation to achieve the indicators of the desirable type based on the
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Co3yiaHue CeNneKIMOHHOM rpyIbl repedOopACKUX KOpoB,
YIy4IICHHBIX ObIKAMHU KaHAJCKOH PernpoayKIuI

Nnepbaes b.0., Xpamiosa U.A., nepbaesa A.T.

cows of the breeding group will take 3.5 generations (10.5 years), respectively, for milk yield - 3.9
generations (4.5 years). More effective breeding achievement can be achieved in height at hips (1.1
generations and 3.3 years). Ten stud bulls selected for custom mating are homogeneous and rated
elite-record class. They exceeded the breed standard by 151.5 kg (8.1%) in live weight at 3 years of
age and by 115.3 kg (14.1%) at 5 years and older. They are characterized by a well-defined desirable
type of constitution. Stud bulls obtained from the cross of the Canadian and Siberian selections with
the complex index "B", according to the quality of progeny 104-105 recognized as improveers.
Keywords: breed, breeding group, live weight, milk content, variability, generation
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INTRODUCTION

The development of specialized beef cattle
breeding in the Russian Federation is a priority
for agriculture. From 2010 to 2019 production
of cattle for slaughter in live weight decreased
from 3030.0 to 2827.1 thousand tons or by
202.9 thousand tons (-6.7%). This is a conse-
quence of the reduction in the number of dairy
cows and over-replacement young cattle in the
share of fattening stock! [1, 2]. They can be re-
placed only by animals of beef breeds, so the
creation of new genotypes of cattle with high
meat productivity is the main goal of breeding
and pedigree work in specialized beef herds.
According to forecasts, by 2025 the number
of beef cattle of specialized beef breeds should
reach 10 million heads [3]. Currently, the de-
velopment of beef cattle breeding is carried out
both with the use of domestic cattle breeds and
with the involvement of foreign cattle breeds®>.
The Hereford cattle breed in the breeding farms
of the Russian Federation is the third and most
common among the imported specialized beef

cattle breeds in Siberia.

Currently, with the advent of market rela-
tions under the influence of economic factors,
the beef cattle breeding industry in Russia and
the CIS has the opportunity to expand the mar-
keting niche in the market of agricultural prod-
ucts. As a consequence, the role of breeding
farms in increasing the number of beef cattle
population is growing.

Work with cattle breeds, in particular with
Siberian-bred Herefords, should be aimed at
improving the efficiency of forage and techno-
logical resources through the creation of new
breeding groups. It is known that all breeds
of animals bred in the world by artificial hu-
man selection need continuous improvement of
breeding and productive qualities for the future.
Otherwise, under the influence of both natural
selection factors and environmental pressure,
any breed will degenerate. In this regard, Her-
efords of domestic reproduction are improved
by adding blood of Canadian selection animals
to improve both breeding and meat qualities [4-

"Dunin .M., Butusov D.V., Shichkin G.I. et al. The condition of beef cattle breeding in the Russian Federation // Yearbook on
the breeding work in beef cattle breeding on the farms of the Russian Federation (2019). M., 2020. 442 p.

*Gizatullin R.S., Sedykh T.A. The condition and prospects of increasing beef production in the Republic of Bashkortostan //
Achievements of science and innovation - agricultural production: materials of the national scientific conference. Ufa, 2017. Pp.

208-215.

SKhamiruyev T.N., Tyukavkin A.A. Canadian selection Herefords in the Trans-Baikal region // Meat cattle breeding in the arid
territories of southern Middle Siberia: current status and prospects for development: proceedings of interregional scientific and
practical conference with international participation. Khakassia, 2017. Pp. 76-80.
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10]*. Similar work has been started in the Sibe-
rian breeding farms.

MATERIAL AND METHODS

Animals of specialized meat Hereford breed
became the object of long-term studies. The
variability of the main traits of purebred Here-
ford cattle of "Voznesenskoye" breeding repro-
ducer of Novosibirsk region was determined by
conventional methods.

The indices of breeding differential by pro-
ductivity indices were calculated and the evalu-
ation of stud bulls by the quality of progeny
with the definition of the breeding index "B"
was carried out. For this purpose, 30 of their
sons, 10 from each, were selected for control
breeding. Bulls were tested for their own pro-
ductivity from 8 to 15 months of age by four
traits: live weight at 15 months of age, average
daily gain at 8 to 15 months of age, lifetime as-
sessment of meat qualities, and expression of
the body type®.

RESULTS AND DISCUSSION

According to the norms of evaluation of the
breeding qualities of beef cattle, approved by
the Ministry of Agriculture of the Russian Fed-
eration, the animals are divided into the follow-
ing groups:

— the nucleus is the best part of the herd,
comprising 50-60% of the total number of cows
in the herd;

— breeding group (bull breeding group) in-
cluded in the nucleus - 18-20% of the total
number of cows in the herd;

— production group - cows not included in
the breeding nucleus that are in the herd.

For further improvement of the herd, the
most valuable is the breeding group, so its con-
solidation of the main traits is of great impor-
tance for its formation.

During the experiment, biometric processing
was carried out on three traits: live weight, milk
yield and height at hips of cows (see Table 1).

Taoa. 1. OcHoBHBIE TOKA3aTeNU NPOAYKTUBHOCTH U SKCTEPhEpa KOPOB repedopackoil HOopoibl

10 OTejIaM, Kr/cm

Table. 1. The main indicators of productivity and exterior of Hereford cows by calving, kg/cm

Indicator
Calving n Live weight Milking capacity Height at hips

M+m Cv M+m Cv M+m Cv

1-st 21 4778 +7,2 6,9 185,6 +2.4 6,0 123,74+ 0,5 2,1
2-nd 24 522,7+£6,5 6,1 186,9+3,3 8,6 122,84+ 0,4 1,8
3-rd 22 553,6 £3,1 2,6 202,1 +2,0 4,8 123,5+ 04 1,3
4-th 18 544,4+2,6 2,0 2149 +2,5 4,8 1243+ 0,4 1,5
5-th 19 551,3+34 2,7 216,9 £ 2,8 5,6 124,0+ 0,4 1,3
6-th 22 553,5+£23 1,9 226,6 + 0,9 1.9 1249+ 0,3 1,4
7-th 17 551,8+2,8 2,1 226,5+ 1,9 3,5 124,6 + 0,5 1,6
8-th 19 553,6 £5.3 4,2 211,4+4,1 8,4 122,3+0,5 1,6
9-th 16 569,3+7.8 5.5 217,9+3,7 6,8 121,7+ 0,7 2,3
10-th 14 570,2 £ 14,9 9,8 215,5+4,2 7,3 121,94+ 0,9 2,7

*Kuzmina T.N. Results of research to improve the genetic potential of the Hereford cattle breed of domestic selection //
Scientific and information support of innovative development of the agro-industrial complex: materials of the XI International

Scientific and Practical Internet Conference. 2019. Pp. 25-29.

*Amerkhanov Kh.A., Dunin .M., Sharkaev A.A. Norms of evaluation of the breeding qualities of beef cattle // Ministry of

Agriculture of the Russian Federation. M., 2010. Pp. 5-10.
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Cows from the 3rd to 7th calving had
the lowest coefficient of variability for live
weight - from 1.9 to 2.7%, for milk yield - from
1.9 to 5.6%. The variation in the height at hips
(characterizing the expression of the type) was
from 1.3 to 1.6%. In this connection, 82 cows
of these lactations were selected in the breed-
ing group as the most homogeneous, which
would increase the efficiency of the breeding
work. It included representatives of both Sibe-
rian reproduction and those improved by Ca-
nadian producers. The average live weight of

the cows was 570.5 kg with an excess of 50.5
kg, or 9.7%, over the breed standard and corre-
sponded to the elite-record class (see Table 2).

The highest indicator was 670 kg. In terms
of milk yield, height at hips, and live weight,
the bulls at 12 and 15 months of age were rated
elite class.

Cows are characterized by a pronounced
breed type, harmonious build and correspond
to the desirable exterior-constitutional type (see
Fig. 1).

Admixture of new blood of Hereford bulls

Taoxa. 2. Ilokazarenu OPOAYKTUBHOCTH U BBICOTHI B KPECTLIC CCHCKHHOHHOﬁ T'pyIIibl KOPOB IJICMCHHO-

ro penpoaykropa «Bo3HeceHckoe»

Table. 2. Indicators of productivity and height in the sacrum of the breeding group of cows of the

«Voznesenskoye» pedigree breeding unit

. Value
Indicator Aim 5 Cr Breed class
Live weight of cows, kg 570,5 £ 3,11 28,2 49 Elite-record
Milkiness of cows by live weight of calves )
210,3+0,93 8,4 3,9 Elite

at 205 days

Height at hips of cows, cm 130,1 £0,34 3,1 2.4 »

Live weight of steers at 12 months, kg 338,2+ 1,06 9,6 2,8 »

Live weight of steers at 15 months, kg 4144+ 1,2 11,2 2,7 »

Puc. 1. Jlyudmue npeacTaBUTEIbHUIBI CEIEKIIMOHHOMN TPyIIIBI

Fig. 1. The best representatives of the breeding group
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of Canadian reproduction had a statistically
significant effect (p > 0.95-0.99) - from 23.5 to
60.5%, except for the live weight of steers at 12
months of age (see Table 3). We believe that this
was a consequence of stress in steers after wean-
ing from their mothers. The breeding differential
in the live weight of cows of the whole herd and
breeding group was 11 kg (see Table 4).

Taking into account the heritability estimate
and the genetic progress through selection ef-

fect on the first generation, it will take 3.5 gen-
erations (10.5 years) to achieve the indicators
of the desirable type on the basis of cows of
the breeding group, respectively, for milk yield
- 3.9 generations and 4.5 years. More effective
breeding achievement can be achieved in the
height at hips (1.1 generations and 3.3 years).

Ten high-yield stud bulls were selected for
custom mating with cows (see Table 5).

The animals are homogeneous, rated elite-
record class and exceed the breed standard at 3

Tab6a. 3. Biaustane ObIKOB-IPOM3BOANUTENICH KaHAICKON CEEKITHN Ha TIPOTYKTUBHOCTE U TIPOMED

JKUBOTHBIX

Table. 3. The influence of Canadian breeding stud bulls on the productivity and size of animals

Breeding . .
Indicator Differ- Effezct size
Siberian Canadian ence (hx), % 4

Live weight of cows, kg 530,6 £ 821 | 564,1 +549 | +33,5 38,3 >0,99
Milkiness of cows by live weight of calves at

2052+2.21 | 217,6 0,79 | +12,4 60,5 > 0,99
205 days, kg
Height at hips of cows, cm 128,4+0,21 | 130,3+0,33 +1,9 23,5 >0,95
Live weight of steers at 12 months, kg 338,3+1,88 | 341,5+ 1,89 +3,2 2,7 <0,90
Live weight of steers at 15 months, kg 415,5+2,47 | 4249+ 1,94 +9.4 30,8 > 0,99

Ta6a. 4. [IporHo3 3¢h(heKTHBHOCTH CENEKINH 0 JYYIIINM TeHOTHUIIaM KOPOB
Table. 4. Prediction of breeding efficiency by the best genotype of cows

Economic trait
Indicator
live weight, kg milking capacity, kg height at hips, cm
By herd 559 204 130
Of desirable type 570 210 131
Selection differential 11 6 1
Heritability estimate 0,28 0,66 0,89
The eﬁ"e;ct of selection on the first 3.1 3.9 0.9
generation
The need for generational change 3,5 1,5 1,1
Time to achieve the indicator, years 10,5 4.5 33
Tada. 5. )Kuas macca GBIKOB-TIPON3BOANTENEH, KT
Table. 5. Live weight of stud bulls, kg
Indicator
Age tm 5 Cr + to the breed standard, kg/%
3 years 821,5+1,19 2,4 0,29 151,5/22,6
5 years and older 935,3 +5,33 13,1 1,39 115,3/14,1

52  Siberian Herald of Agricultural Science ¢ 2022 « 52 « 1

Animal husbandry and veterinary science



Co3yiaHue CeNneKIMOHHOM rpyIbl repedOopACKUX KOpoB,
YIy4IICHHBIX ObIKAMHU KaHAJCKOH PernpoayKIuI

Wuep6aes b.0., Xpamuosa .A., MnepOaca A.T.

years by 151.5 kg (8.1%), at 5 years and older by
115.3 kg (14.1%). They are characterized by a
well-defined desirable type of build (see Fig. 2).

The growth energy of young cattle in beef
cattle breeding has remained at the same level
for many years. The reason for the slow im-
provement of beef cattle lies not in the con-
servatism of heredity, but in the method of its
improvement. For a long time, selection of beef
cattle was carried out on a set of traits. This
method has failed to justify itself not only in our
country but also abroad, because the judgment
of breeding merits of bulls only by their origin,
phenotypic features is insufficient and does not

3BOAUTENH Apakc
(6 et — 932-137-86, samura-pexkopm)
Fig. 2. Stud bull Araks 40295
(6 years 0ld-932-137-86, clite-record)

give reliable results. Assessment of bulls by
their own productivity and of adult stud bulls
by quality of progeny is required.

In 2020, three stud bulls (Ideal 4127, Diego
4235 and Bars 53510) were evaluated for progeny
quality at OJSC “Voznesenskoe” (see Table 6).

According to the test results, stud bulls Ideal
4127 and Diego 4235, obtained from the cross
of Canadian and Siberian selection, were evalu-
ated as elite class. With the complex index "B"
for the quality of progeny 104-105 they are rec-
ognized as improveers.

Bulls with a complex index of own produc-
tivity "A" 112.0-113.0 are recommended for

Tadua. 6. Pesynbrarsl oLleHKH OBIKOB-IIPOM3BOIUTENICH MO Ka4eCTBY OTOMCTBA
Table. 6. The results of the evaluation of stud bulls by the quality of the offspring

< Live weight at the Av\:/:gﬁte g;irlly Lifet_ime meat Body type Breed Composite.index by
tud bull age of 15 months, f quality score, : . quality
K rom 8§ to 15 oint expression, point | class of progeny (B)
g months, g p progeny
Ideal 4127 429,0 1001,9 51,6 4 Elite 104
Diego 4235 4279 986,7 54,3 4 » 105
Bars 53510 408,9 924,8 54,5 3,8 1 101
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the replacement of stud bulls. Their average
daily gain of live weight was 1038.1-1104.8 g.

CONCLUSION

Over the long term, breeding work with the
most common animals of the Hereford breed
in Siberia should be carried out by creating
new breeding groups in herds. They should
be homogeneous and consolidated, which is
expressed in the coefficient of variability for
the main traits. The lowest coefficient of vari-
ability has been established in cows from the
3rd to the 7th calving - from 1.3 to 5.6%. The
breeding group of cows in the pedigree repro-
ducer "Voznesenskoe" in the number of 82
heads was selected and evaluated on the basis
of these indicators. On average the live weight
of the cows was 570.5 kg with an excess of
50.5 kg or 9.7% of the breed standard and cor-
responded to the elite-record class. The blood
of the Hereford bulls of the Canadian repro-
duction had a significant statistically reliable
effect (p > 0.95-0.99) - from 23.5 to 60.5.

The breeding differential by live weight of
cows of the whole herd and the breeding group
was 11 kg. Taking into account the heritability
estimate and the selection effect for the first
generation, it would take 3.5 generations or
10.5 years to achieve the indicators of the de-
sirable type based on the cows of the breeding
group, for milk yield - 3.9 generations and 4.5
years. A more effective breeding achievement
can be achieved in the height at hips (1.1 gen-
eration and 3.3 years).

Ten highly productive stud bulls, including
those obtained from crossbreeding with Cana-
dian Herefords, were selected for custom mat-
ing with them. The animals are homogeneous,
estimated as elite-record class and exceed the
breed standard at the age of 3 years by 151.5
kg (8.1%), at 5 years and older by 115.3 kg
(14.1%), are characterized by a well-defined
desirable type of build.

According to test results, stud bulls Ideal
4127 and Diego 4235, obtained from the cross
of Canadian and Siberian selection, were eval-

uated as elite class. With the complex index
"B" on the quality of progeny 104-105 they
are considered to be improveers.
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IHAOIMAPA3ZUTHI BJIAT'OPOJHOI'O OJIEHSA (CERVUS ELAPHUS
XANTHOPYGUS) HA TEPPUTOPUM 3ABAMKAJIBCKOI'O KPASI

(<) TperbsikoB A.M., Bosiposa JI.U., Yepubix B.I., Kupuibuos E.B.
Hayuno-uccnedosamenvckui uncmumym eemepunapuu Bocmounoti Cubupu —

Gunuan Cubupcroeo ghedepanvroeo HayuHo20 yeHmpa azpodouomexronoeuti Poccutickoti akademuu nayx
3abaiikanbckuit kpaid, Yura, Poccust

(<D e-mail: vetinst@sfsca.ru

IIpencrasnensr pesynsrarsl (2019-2021 rT.) Mapa3uToIOTHYECKIX UCCIICIOBAHUI MTaTOJIOTHIC-
ckoro marepuaina ot 91 ocobu Omaroponuoro onens (Cervus elaphus xanthopygus). Ha tepputo-
puu 3abaiikanbCcKOTO Kpas 3aperHCTPUpOBaHa 3aPaKEHHOCTh OJIArOPOTHOTO OJIEHS BOCEMBIO BH-
JaMHy 3HAoNapasuToB: Protostrongylu skochi (monotpsaa Strongylata mUIIEBapUTEILHOTO TPAKTa),
Monieziabenedeni, Trichostrongylus spp., Dicrocoelium lanceatum, Echinococcus granulosus larva,
Cysticercus tenuicollis, Eimeria spp. DKCTEHCUBHOCTh WHBa3uu coctasisier 86,8% (Cysticercus
tenuicollis) n 57,1% (Echinococcus granulosus larva), 9T0 CBUIETENBCTBYET O HAIMIUHU TIPUPOJ-
HBIX OYaroB MO JaHHBIM T€IbMHHTO3aM M WX IIUPOKOH pacmpocTtpaHeHHOCTH. OOHapyKeHBI He-
cneruduuHbIe T 3a0aKallbCKOTO Kpasi TebMUHTBI Dicrocoelium lanceatum B )KETIHBIX MPOTO-
Kax TICYCHH Y OJJHOTO M3 UCCIICOBAHHBIX OJIATOPOJIHBIX OJeHeW. J[aHHBIH (DaKT CBUICTEIBCTBYET O
HaJMYUHU BCEX YCIIOBHUH (MPOMEKYTOUHBIX X035€B) ISl PACPOCTPAHCHUS MHBAa3HU, B TOM YHCIIE U
Ha CEJIbCKOX03MCTBEHHBIX )KUBOTHBIX. [{JIs COXpaHEeHUSs BETEPUHAPHO-CAHUTAPHOTO OJIArOTOTY YHsI
OXOTHHYBETO X03s1cTBa B 3a0aiKaIbCKOM Kpae, HCXO/Isl M3 TIOYYCHHBIX JaHHbIX, CHOPMYITUPOBAHBI
OCHOBHBIE TTPUHIIUIIBI TPOPUIAKTUKA 3aPETUCTPUPOBAHHBIX TEIEMUHTO30B. [t IpenynpexieHus
pacnpocTpaHeHHs Cpey JAUKHUX KOIBITHBIX JKUBOTHBIX AXHHOKOKKO3a, IUCTHIIEPKO30B (JI1apBaib-
HBIE [[ECTO03bI) HEOOXOAMMa YCUIICHHAs: 00pb0a C BOJIKAMU, JIMCUIIAMH U C OpoisiauMu coOaKkaMmH,
a TaKXke 00s3aTelibHAsT CUCTEMAaTHUECKas JIereIbMUHTU3AIUS CO0aK (€KEKBapTaJIbHO), JIOIyCKae-
MBIX Ha TEPPUTOPHIO OXOTOXO3SUCTB. B 1essix npounakTuky jJapBajibHBIX [IECTOA030B HEOOXOIHU-
MO YHHUYTOXXCHHE BHYTPECHHOCTEH, TOOBITHIX B PE3YJIBTAaTE OXOThI )KMBOTHBIX, HEHUCIIOIB30BAHUE HX
B KOpM cobakaM B chIpoM Bue. s mpopMIakTHKA UMarnHaNbHBIX TeTbMHUHTO30B Y KOMBITHBIX
HEOOXOAMMO OCYIIECTBISATH IMOCTOSHHBIH MOHUTOPUHT T€JIBbMHUHTOHOCUTENBCTBA. [lo pesynpratam
WCCIICJIOBAaHUH COCTABJICH IUIAH MPOTUBOTEIBMHHTO3HBIX MEpPONPUATHA. )i MerenbMUHTU3AINN
JIUKUX KUBOTHBIX TIPUMEHSIOT OpaIbHBIC aHTUICIIbBMUHTHBIE ITPEIaparhbl, KOTOPbIE Pa3MEeIaloT Ha
MOJIKOPMOYHBIX TUIOMIAKAX B CMECH C CHIITyYUMHU KOopMaMu (IpoOIeHOEe 3epHO).

KuroueBble cj10Ba: 3H/10MMapa3UuThl, FeJIBMUHTHI, OJIATOPOIHBIN 0JIEHb, OXOTHHYBE XO3SHCTBO

ENDOPARASITES OF RED DEER (CERVUS ELAPHUS XANTHOPYGUS)
IN THE TRANS-BAIKAL TERRITORY
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The paper presents the results (2019-2021) of parasitological studies of pathological material from
91 individuals of red deer (Cervus elaphus xanthopygus). Infestation of red deer with eight species
of endoparasites has been registered in the Trans-Baikal Territory was registered: Protostrongylus
kochi, suborder Strongylata of the digestive tract, Moniezia benedeni, Trichostrongylus spp.,
Dicrocoelium lanceatum, Echinococcus granulosus larva, Cysticercus tenuicollis, Eimeria spp.
The intensity of infestation is 86.8% (Cysticercus tenuicollis) and 57.1% (Echinococcus granulosus
larva), indicating the presence of natural foci on these helminths and their widespread distribution.
Helminths Dicrocoelium lanceatum unspecific for Trans-Baikal Territory were detected in the bile
ducts of the liver of one of the examined red deer. This fact indicates the presence of all conditions
(the presence of intermediate hosts) for the spread of invasion, including on farm animals. To
maintain the veterinary and sanitary well-being of the hunting industry in the Trans-Baikal Territory,
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the main principles of prevention of registered helminth infections were formulated based on the
data obtained. To prevent the spread of echinococcosis, cysticercosis (larval cestodoses) among
wild ungulates, increased control of wolves, foxes and stray dogs, as well as mandatory systematic
deworming of dogs (quarterly) allowed in hunting farms is necessary. In order to prevent larval
cestodoses it is necessary to destroy entrails of hunted animals and not use them raw as food for
dogs. To prevent imaginal helminth infestations in ungulates, continuous monitoring of helminth
carriage is necessary. Based on the results of these studies, a plan of helminthic measures is drawn
up. For deworming wild animals, oral anthelmintic drugs are used, which are laid out on feeding

grounds mixed with loose feed (crushed grain).

Keywords: endoparasites, helminths, red deer, hunting economy
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INTRODUCTION

Game ungulates are widespread in the
Trans-Baikal Territory. They play an essential
role in human life. The practical importance of
red deer is connected with sport hunting and
with obtaining organic food and important bio-
logical substances (antlers, glands) from ani-
mals for the manufacture of medicines, skins
for sewing shoes. Currently, many scientific
and practical works show that wild ungulates
are important and most promising hunting and
recreational resources of the fauna of Russia
[1, 2]. The main factors restraining the increase
in the number of wild ungulates in natural con-
ditions, as well as complicating the work of avi-
ary breeding, are helminthiases' [3-7].

One of the game resources of ungulates in
Transbaikalia is the red deer (Manchurian elk)
(Cervus elaphus xanthopygus). The study of
endoparasites of this animal species seems rel-
evant from several points of view. In particular,
one of the important aspects is associated with
the active participation of red deer in the cir-
culation of zoonotic helminth infections [8-11].

The need for targeted parasitological re-
search in this direction is due to a number of
reasons.

1. Conducting an inventory of parasites and
studying the breadth of their spread creates an
opportunity to justify and implement biotechni-
cal measures.

2. Knowledge of the species composition,
seasonal and age dynamics of helminth infesta-
tions in ecosystems allows to explain the causes
of diseases and predict the population dynamics
of commercial animals and justify the norms of
their withdrawal.

3. The study of the parasite-host link plays an
important role in preventing the threat of epizo-
otics and deaths from "undetermined causes”.

4. Deciphering the life cycles of pathogens
and parasites is associated with the develop-
ment of measures to control them.

5. In conditions of use of the same territory
by agricultural and wild animals, a clear under-
standing of the parasitofauna of wild animals
makes it possible to predict and prevent diseas-
es in farm animals.

Tretiakov A.M., Burdukovsky S.S., Tretiakova N.Yu. Preventive and veterinary and organizational measures to prevent

infectious and parasitic diseases of game animals in the hunting grounds of the Republic of Buryatia // Actual issues of development
of the agricultural sector of the Baikal region. Materials of the All-Russian (National) Scientific-Practical Conference dedicated to
the Day of the Russian Science. 2020. Pp. 280-286.
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6. Studies are necessary for the safety of for-
estry and hunting workers and other people vis-
iting forest areas, to solve problems of epidemi-
ology, epizootology, natural nidality of diseases
and prevention of emergency situations.

For a long period, there have been no studies
of the parasitofauna of ungulates in the Trans-
baikal Territory; previously, they have not been
of a targeted and large-scale nature. Currently,
there is a need to organize a system of parasito-
logical study of wild animals, aimed at solving
theoretical and applied problems of scientific
research at the modern level [12].

The purpose of the study is to summarize
and analyze the data on the distribution and
taxonomic definition of the most important en-
doparasites of red deer in the Trans-Baikal Ter-
ritory.

The following tasks are formulated to imple-
ment the objective:

— study the species composition of endopar-
asites of red deer in the Trans-Baikal Territory;

— determine the intensity of affection of red
deer by different species of endoparasites;

— formulate the basic principles of preven-
tion of parasitic diseases of red deer.

MATERIAL AND METHODS

This work was carried out in the Research
Institute of Veterinary Science of Eastern Sibe-
ria - branch of the SFSCA RAS. The data ob-
tained in the field in the areas of the Trans-Bai-
kal Territory served as materials for the study.

A study (2019-2021) of endoparasite infes-
tation was conducted in 91 red deer aged one
to eight years in different seasons. All animals
were subjected to postmortem examination,
and 91 samples were examined by ovo- and lar-
voscopic methods.

The experimental part of the work used gen-
erally accepted parasitological methods (Dar-
ling, Fulleborn, complete helminthological
autopsies (CHA) by K.I. Skryabin, Baermann's
helmintholarvoskopy method).

RESULTS AND DISCUSSION

Cysticercus tenuicollis is the most wide-
spread in the red deer population in the Trans-
Baikal Territory; according to the obtained
data, the rate of infestation (RI) is 86% (see the
table). The main source of reindeer infestation
is the wolf, the population of which has signifi-
cantly increased in the last 5 years. In the stud-
ied 86 wolves Taenia hydatigena was found
in 62 individuals, and the extensiveness of in-
festation was 72%. A certain role in the spread
of thin-necked cysticercosis is played by lynx.
Thus, according to our data, out of 28 lynx
carcasses that underwent complete helmintho-
logical autopsy, eight individuals were infected
with Taenia hydatigena (EI 28%), which is also
confirmed by the studies of other authors [13,
14].

More than half of the examined red deer
(57%) were affected by Echinococcus granu-
losus larvae. Echinococcus larvae were found
in the lungs of animals in the form of a one-

CucreMaTHIecKrii COCTaB SHIONAPA3UTOB OJIATOPOTHOTO OJICHS Ha TEPPUTOPUH 3abaiikabCckoro kpast (1 = 91)
Systematic composition of red deer endoparasites in the Trans-Baikal Territory (n =91)

Type of parasite Location EI, the number of infested animals (%)
Protostrongyluskochi Lung 23 (25,3)
Suborder Strongylata of the digestive tract Intestine 15 (16,5)
Monieziabenedeni Small intestine 3(3,3)
Trichostrongylus spp. Rennetirsltt(ézrtlﬁlceh, large 2(2,2)
Dicrocoeliumlanceatum Liver 1(1,1)
Echinococcusgranulosus larva Lung 52 (57,1)
Cysticercustenuicollis Liver, mesentery gland 79 (86,8)
Eimeria spp. Intestine 5(5,5)
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chamber bladder with many scolexes the size
of a chicken egg; on average, one animal had
10-12 Echinococcus bladders. In our opinion,
wolves and foxes are the source of Echino-
coccus infection in herbivores. Infection with
Echinococcus granulosus in 98 studied wolves
was 83%, or 81 individuals [15]. In the process
of CHA of 10 foxes, Echinococcus granulosus
was detected in the intestines of five animals
(EI 50%). Affected animals differed markedly
in fatness in a negative way from the animals
free of Echinococcus larvae.

In the parasitological study of 91 red deer
23 individuals were infested with Protostron-
gvlus kochi (R125,3%) (see the table). Seasonal
dynamics of infestation of red deer with Pro-
tostrongylus kochi is characterized by a sharp
increase of infestation in autumn months with
its peak in winter and early spring periods. In
spring and summer infestation of animals sig-
nificantly decreases. High infestation of red
deer by protostrongylids is explained by the
presence of different types of waterlogged bio-
topes (marshes, waterlogged meadows, water-
logged forests), which are favorable habitats
for intermediate hosts of the pathogen, namely
land mollusks of Eulota, Pupila, Succinea.

Representatives of suborder Strongylata
were found in the intestinal tract of 16.5% of
the examined reindeer; in this group of hel-
minthes, representatives of genus Nematodirus
dominated in quantitative terms (84%).

During a complete helminthological autop-
sy, nematodirosis pathogens were found in the
lumen of the small intestine, and their larvae in
the form of parasitic nodules in the small intes-
tine wall. The sexually mature nematodiruses
began to appear in late August; their presence
in the intestine was not observed in the second
half of spring.

In addition to nematodiruses from the repre-
sentatives of the suborder Strongylata, Hemon-
chuscontortus and Chabertiaovina were found
in the rennet stomach and large intestine of two
deer, 10 and 6% of the total number of the sub-
order Strongylata.

In 3% of the examined red deer, large ribbon
helminthes were found in the small intestine
with well-defined interproglottid glands in the
center of the penis in the form of a stroke. Con-
sidering the morphological features, these hel-
minths were identified as Moniezia benedeni.
The low percentage of monieziosis infestation
is explained by a low number of intermediate
hosts of the helminth - soil mites, which require
soils with high humus content.

Dicrocoelium lanceatum helminths, rarely
found in the Trans-Baikal Territory, were found
in the liver bile ducts of one animal. Extremely
rare registration of dicrocoeliasis in the region
in both farm and wild animals is explained by
a low number of specific additional hosts - ants
of certain genera.

In addition to the above helminths, oocysts
of protozoan Eimeria spp. were found in the in-
testines of 5.5% of the examined red deer. The
number of oocysts in one microscope field of
view averaged 17-25, which indicates Eimeria
carrier, but not immeriosis as a disease.

Based on the obtained data, the main prin-
ciples of prevention of registered helminth in-
fections were formulated. To prevent the spread
among wild ungulates of echinococcosis, cys-
ticercosis (larval cestodoses) it is necessary to
strengthen the fight against wolves, foxes and
stray dogs, as well as mandatory systematic
deworming of dogs (quarterly) allowed on the
territory of hunting farms. In order to prevent
larval cestodoses, it is necessary to destroy the
entrails of hunted animals and to prevent the
use of such entrails as food for dogs in raw con-
dition.

To prevent imaginal helminth infestations in
ungulates, constant monitoring of helminths-
carrying is necessary. Based on the results of
these studies a plan of antihelmintic measures
is drawn up. Oral antihelmintic preparations are
used to deworm wild animals, which are put
out at feeding sites in a mixture with loose feed
(crushed grain).
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CONCLUSIONS

1. Infestation of red deer in the Trans-Baikal
Territory by eight species of different endo-
parasites is registered: Protostrongylu skochi,
suborder Strongylata of the digestive tract, Mo-
niezia benedeni, Trichostrongylus spp., Dicro-
coelium lanceatum, Echinococcus granulosus
larva, Cysticercus tenuicollis, Eimeria spp.

2. The most widespread and significant in
socio-epizootological terms were Cysticer-
cus tenuicollis (86.8% RI) and Echinococcus
granulosus larva (57.1% RI), indicating the
presence of natural foci on these helminths and
their wide distribution.

3. In one of the examined red deer, a rare
helminth species Dicrocoelium lanceatum in
the Trans-Baikal Territory was found in the liv-
er bile ducts. This fact indicates the presence of
all conditions (presence of intermediate hosts)
for infestation spreading, including agricultural
animals.

4. To preserve the veterinary and sanitary
well-being of the hunting industry in the Trans-
Baikal Territory it is necessary to carry out a
set of preventive veterinary and organizational
measures that must include the regulation of
wolf and fox population, scheduled preventive
deworming of hunting dogs, the destruction of
parenchymatous organs and intestinal raw ma-
terials from harvested animals, deworming of
ungulates at biotechnical (feeding) sites.
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3KOJOT'MYECKU BE3OIACHBIN TPEITAPAT U TPAJIMIITUOHHBIN
JAESUH®EKTAHT IIPU UHKYBALIUU AULL

(<) 'daxpyraunosa P.II., 'Adonuna U.A., 'CeimanoBuy O.B.,

'Kuncgarop O.A., ’Comnuxona T.A.

ITomcxutl cenbCKoX03sUCMBEHHbLI UHCIUNTYI —

@unuan Hosocubupcrkozo 2ocyoapcmeeHHo20 azpapho2o ynusepcumema

Tomck, Poccus

2Tomckutl 20Cy0apcmeenvlll YHUBEPCUMen CUCmem YRPAaeieHust U paouodLeKmpOHUKY

Tomck, Poccus
(<) e-mail: zootehnik tshi@mail.ru

[IpencraBiensl pe3yabTaThl MCCIENOBAHMN IO pa3pabOTKE 300TMTHEHHMYECKHX MEpOIPUSTHH,
HalpaBJICHHBIX HA MOBBIIICHNUE BBIBOJUMOCTH SUI] ITyTeM HNPUMEHEHHUs SKOJIOTHYEeCKH Oe30MacHbIX
CPEICTB M M3YyUYCHHUS] TOKCHUECKOTO BIHMSHUS (popMaiblernja Ha KaueCTBO MHKYOAIIMOHHOTO SHIa.
HccnenoBanusi akTyallbHBI BCJICACTBHE HETATHBHBIX M3MEHEHHH B MPOMBIIIICHHOM MTHIEBOJICTBE,
MPOUCXOJMBIINX 32 TIOCIICHHUE TOJIbI, KOTOPHIE COMPOBOXKIAIUCH PE3KUM YXY/ILICHUEM KadecTBa WH-
KyOallMOHHBIX SIUL, CHHKEHUEM BBIBOZIA KOHIUIMOHHBIX LBIIUIAT U UX 3HAYUTEILHONH CMEPTHOCTBIO
B nepuof BoipaiuBanus. [Ipumenenne npenapara «MOHKIABUT-1» KaK aHTHCENTHYECKOTO U JE3HH-
(ULMPYIOLIETo JICKAPCTBEHHOI'O CPEACTBA IMPOKOTO CIIEKTPpa JACHCTBHS U UCCIIEA0BaHHS TOKCUYHO-
ctu opMaberuaa Ipu 0OpaboTKe SIUL TPEACTABISIET HAYYHBIH MHTEpEC IS TIOBBIICHHST HHKYOa-
[IMOHHBIX KauecTB siuIl. B paboTe paHa cpaBHHUTENbHAS OLEHKA MCIIONB30BaHMS IS Ie3UH(eKIn
MHKYOAIIMOHHBIX SUI] (popMmanbiernaa U IKOJOTHYECKH Oe3o0rmacHoro mnpemnapara «MoHKIaBUT-1».
[lomyueHHble HaHHBIE M UX AHAJIM3 CBUJETENBCTBYIOT O TOM, YTO NPEAbIHKyOalMOHHAs 00paboTKa
npenaparoM « MOHKJIaBUT-1» MOJIOKUTEIBHO HOBIMsIIA HA PE3Y/IbTaThl MHKYOAMH. 11 ¢ HATMYueM
KPOBSIHOTO KOJIbLIA B KOHTPOJIBHOH rpynme orMedeno 6ombiue Ha 0,9% (p < 0,05), 3ameprmx — Ha
1,3% (p < 0,05), 3apoxnukoB — Ha 2,0% (p < 0,05) B cpaBHeHUH ¢ onbITHOU rpynmoit. Kpome Toro,
MOKa3aTell BEIBOJUMOCTH SIHIIa M BBIBOJA IBIILIAT IpH 00padoTke npenaparoM «MoHKIaBUT-1» 3a-
pEeTHCTPUPOBAHEI BHIIIIE, YeM B KOHTpoJe, Ha 3,1 1 4,4% (p < 0,05) coorBeTcTBEHHO. PeHTabenpHOCTh
WCTIONB30BaHNs Mpenapara « MoHKIaBHT- 1) MpeBbIIIaia mokasaresib KOHTPOIbHOH rpymmsl Ha 17,3%.
[Ipon3BoAcTBeHHAs] CAaHUTAPHS B arpONPOMBIIIIIEHHOM KOMIUIEKCE SIBIISIETCSI OMHUM M3 PELIAOIINX
(haxTOPOB, MO3BOJISIOIIUM COXPAHUTH U IPEYMHOKHUTD 370POBBE CEIbCKOX03SHCTBEHHBIX KUBOTHBIX
U TOJyYaTh OT HUX OE30TMacHyI0 B OMOJOTMYECKOM M HKOJOTMYECKOM OTHOLICHUH MPOAYKIHUIO IS
obecriedeH st POJOBOJILCTBEHHBIX IOTPEOHOCTEH HaceIeH S TOCYIapCTBa.

KuroueBble ciioBa: «MoHKIaBUT-1», popmanbaerua, HHKyOamws, MbIULITa, Kpoce «Ross-308»

ENVIRONMENTALLY SAFE PREPARATION AND TRADITIONAL
DISINFECTANT IN INCUBATION OF EGGS

(<) "Fakhrutdinova R.Sh., 'Afonina I.A., 'Symanovich O.V., 'Kinsfator O.A., 2Soshnikova T.A.
"Tomsk Agricultural Institute - branch of Novosibirsk State Agrarian University

Tomsk, Russia

*Tomsk State University of Control Systems and Radioelectronics

Tomsk, Russia

(<) e-mail: zootehnik tshi@mail.ru

The paper presents the results of research on the development of zoohygienic measures aimed at
improving the hatchability of eggs through the use of environmentally safe means and the study of
the toxic effects of formaldehyde on the quality of hatching eggs. The research is relevant due to the
negative changes in industrial poultry farming in recent years, which have been accompanied by a sharp
deterioration in the quality of hatching eggs, a decrease in the hatching of conditioned chicks and their
significant mortality during the rearing period. The use of the drug "Monclavit-1" as an antiseptic and
disinfectant drug of broad spectrum and the study of formaldehyde toxicity in the treatment of hatching
eggs is of scientific interest to improve the incubation quality of eggs. The work gives a comparative
assessment of the use of formaldehyde for disinfection of hatching eggs and environmentally safe
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Environmentally safe preparation and traditional disinfectant
in incubation of eggs

Fakhrutdinova R.Sh., Afonina I.A.,
Symanovich O.V., Kinsfator O.A., Soshnikova T.A.

preparation "Monclavit-1". The data obtained and their analysis indicate that preincubation treatment with
Monclavit-1 had a positive effect on the results of incubation. Eggs with blood ring in the control group
were 0.9% more (p < 0.05), dead-in-shell eggs were 1.3% more (p < 0.05), and addle eggs were 2.0%
more (p < 0.05) than in the experimental group. In addition, the rates of egg hatchability and hatchability
of chicks when treated with Monclavit-1 were higher than those of the control by 3.1 and 4.4% (p <0.05),
respectively. Cost-effectiveness of the drug "Monclavit-1" use exceeded that of the control group by
17.3%. Production sanitation in the agro-industrial complex is one of the decisive factors in preserving
and increasing the health of farm animals and obtaining biologically and environmentally safe products
from them to meet the food needs of the population of the state.
Keywords: «Monclavit-1», formaldehyde, incubation, chickens, cross «Ross-308»
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INTRODUCTION

Reducing incubation losses and increasing
hatchery efficiency is a major challenge for the
poultry farmer. Incubation losses reduce hatch-
ery efficiency and lead to overconsumption of
expensive hatching eggs [1-4].

The introduction of intensive rearing meth-
ods based on the concentration of a large num-
ber of poultry in a limited area, the use of mod-
ern feeding technologies at the present stage of
development in industrial poultry farming in
Russia often create a threat to the stable welfare
of farms for infectious and noncontagious dis-
eases and obtaining final products of low qual-
ity [5-8].

Negative changes that have occurred in re-
cent years in the commercial poultry production
have been accompanied by a sharp deteriora-
tion in the quality of hatching eggs, a decrease
in the hatching of conditioned chicks and their
significant mortality at the stage of embryonic
development and during rearing.

Microbial contamination of incubated eggs
is an important problem for producers of poul-
try products, leading to a decrease in hatchabili-
ty of eggs and quality of young animals. Among
the various methods of egg disinfection, such
as washing, irrigation, treatment with formal-

dehyde vapor is considered the most effective
method. Eggs can be treated with formaldehyde
during incubation or immediately after transfer
to hatch, but most often it is done before incu-
bation. It should be remembered that formalde-
hyde, while having antimicrobial properties, is
at the same time a strong toxic substance that
can destroy a sleeping embryo. Thus, effective
formaldehyde fumigation is a balance between
its bactericidal effect on the shell microbial in-
festation and its toxic effect on the developing
embryo [9-12]. Environmentally safe methods
of treating hatching eggs reduce the risk of
clutch infection without reducing hatchability
[13-15].

A new less toxic and environmentally safe
disinfectant "Monclavit-1" of domestic pro-
duction is presented to adequately replace
traditional disinfectants (formaldehyde, etc.).
"Monclavit-1" exhibits sharply expressed bac-
tericidal, fungicidal and antiviral properties,
has anti-inflammatory and regenerating effect.
It has high activity against gram-negative and
gram-positive microorganisms, pathogenic
fungi and yeasts. An important feature of the
polymer that makes up "Monclavit-1" is its
high adsorption capacity and tendency to com-
plexation. It actively binds many substances,
including toxins.
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The purpose of the research is to study the
effect of the preparation "Monclavit-1" on the
incubation quality of eggs in the conditions of
the Tomsk region.

The objectives are to determine the indica-
tors of hatchability, hatchability of day-old
chicks when using the drug "Monclavit-1" and
to give an economic rationale for the results of
the research.

MATERIAL AND METHODS

The research material was hatching eggs
of Ross-308 parent flock cross, Monclavit-1
preparation and formaldehyde. The drug "Mon-
clavit-1" in appearance is a transparent brown
liquid, foaming when shaken. As an active in-
gredient it contains 0.12 g of crystal iodine,
0.36 g of potassium iodide, as excipients - poly-
vinyl-N-amidacyclosulfoiodide (3.0 g), sodium
dodecyl sulfate (0.06 g) and distilled water to
100 ml.

For the study, a batch of hatching eggs in
the amount of 114,000 eggs was selected and
divided for treatment by 57,000 eggs in the
incubation setter Ne 1 and Ne 2 (control and
experimental). The difference was that the in-
cubation eggs of hatchery setter #1 were treat-
ed with formaldehyde vapor in a disinfecting
chamber, while those of setter #2 were treated
with Monclavit-1 by aerosol irrigation of the
shell surface. In addition, treatment of the in-
ner surface of the incubation chamber was
carried out. The drug consumption of Moncla-
vit-1 was 200-250 ml per incubation cabinet.
Repeated disinfection of the eggs of the ex-
perimental group was carried out on the 11th
day of incubation by aerosol spraying through
the ventilation hole of the incubation cabinet
using a sprayer.

To control the quality of incubation eggs
biological control was carried out before in-
cubation: eggs were evaluated by appearance,
the size and shape of eggs, the condition of the
shell, the size and position of the air chamber,
the presence of cracks (incision, breakage) in
the shell, various kinds of inclusions in eggs,
the position and mobility of the yolk, the condi-

tion of gradules were taken into account during
examination with an ovoscope.

Biological control during incubation was
carried out by ovoscopy of eggs on days 6, 10,
and 18 of incubation:

— on the 6th day of egg incubation counting
and culling unfertilized eggs, identifying eggs
with dead embryos with "blood ring" defect, es-
tablishing the approximate time of death, open-
ing eggs with dead embryos were carried out;

—on day 10 - determination of allantois clo-
sure (embryo development);

—on day 18 - fetal positioning.

All eggs with dead embryos were counted
and classified as "dead". Eggs that died after
the third examination in the hatching period
were classified as "dead in shell". Bacteriologi-
cal examination of dead egg embryos was car-
ried out in the Regional Veterinary Laboratory.
The studies were conducted under the same
incubation conditions. The experimental data
were statistically processed according to the
method of N.A. Plokhinsky (1970) on a per-
sonal computer using Microsoft Office Excel.
Scientific studies were carried out according to
the scheme (see Table 1).

Tao6a. 1. Cxema mpoBeICHUS UCCIECTIOBAHUI
Table 1. Research design

Num-
ber,
heads

Preparation for preincubation

Group treatment of eggs

Control 57 000 | Formaldehyde vapor
(20-minute formaldehyde vapor
treatment at a concentration of
600 mg formaldehyde per 1 m?

of incubation chamber)

Experi- 57 000

ment

The preparation "Monclavit-1"
(aerosol irrigation of the shell
surface and incubation chamber
for 10 minutes, the drug con-
sumption of 250 ml per incuba-
tion chamber)
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RESULTS AND DISCUSSION

The incubation waste autopsy and analysis
are of great importance for assessing the qual-
ity of eggs used and the incubation regime. The
autopsy of incubation waste is carried out se-
lectively on the control trays of the particular
batch of eggs being evaluated. When opening
eggs with dead embryos, first of all, the catego-
ry of dead embryos and the approximate age of
death are determined. Usually, all dead embryos
are conditionally divided into three categories:
"blood ring", "late dead" and "dead in shell".
Embryonic mortality is known to be particular-
ly high during periods called "critical". These
are usually the 3rd-5th, 9th-11th and 19th-20th
days of incubation. The first examination of
eggs revealed unfertilized eggs and eggs with
embryos that died in the first days of incubation
with blood rings, etc.

Analysis of the results of incubation shows
that the number of unfertilized eggs in both
groups was almost the same, ranging from 3.1-
3.3%, which is due to the high reproductive
ability of birds of the parent flock.

Preincubation treatment with Monclavit-1
had a positive effect on the incubation results.
It was found that the number of eggs with blood
ring was 0,9% higher (p < 0,05), the number
of late dead eggs was 1,3% higher (p < 0,05),

and the number of dead in shell eggs was 2,0%
higher (p < 0,05) compared to the experimental
group (see Table 2).

As a result of the study it was found that the
hatchability and hatchability of the treatment
with the preparation "Monclavit-1" in compari-
son with disinfection by formaldehyde vapor
were higher by 3,1 and 4,4% (p <0,05), respec-
tively (see Table 3).

Bacteriological examination in the control
group identified: Citrobacter freundii + En-
terococcus faecalis + Staphylococcus faecium
+Enterococcus agglomerans + Enterococcus
faecium + Enterobacter agglomerans+ Esch-
erichia coli.

In the experimental group only one associa-
tion of Staphylococcus aureus + Streptococcus
faecium was identified. The number of E. coli
group bacteria (E. coli) was found 5 times less
and staphylococci 3.5 times less in the biomate-
rial of the experimental group than in the con-
trol. There is a negative effect of formaldehyde,
which consists in the fact that it, being a toxic
gas, can cause the death of the egg embryo al-
ready in the Ist day of incubation (see Table 4).

The use of the preparation Monclavit-1 for
the treatment of hatching eggs contributed to
the reduction of the cost of one day-old chick
by 2 rubles in comparison with this indicator

Ta6a. 2. BiusHaue paznuuHbix crioco00B 1e3nH(EKINH sSiIa Ha COXPaHHOCTh WHKYOAIIMOHHOTO ST
Table 2. Effect of various methods of egg disinfection on the safety of hatching eggs

Laid for Unfertilized eggs Blood ring Dead-in-shell Addle eggs
Group incubation, o . . .
pes. % pes. % pes. % pes. % pcs.
Control 450+6 |33+0,2|15+0,822+0,2|10+£0,7 {2,0+0,2| 9+£0,6 |24+0,2 | 11+0,8
Experiment 450+6 |3,1+0,1|14+0,7|13+02| 6+0,3 | 0,78 | 3+£0,5 |04+0,1| 2+0,5
Note. Here and in Table 3.: p<0,05
Taoua. 3. [Tokazarenu BEIBOJIUMOCTH SIUI] ¥ BBIBOAA MOJIOAHSIKA
Table 3. Indicators of hatchability of eggs and young animals
Breedi t Egg hatchabilit
Group Laid for incubation, pcs. L youngsoers se ey
pcs. % pcs. %
Control 450 400 88,9 5 90,0
Experiment 450 414 92,0 11 94,4
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Ta6a. 4. MukpoOHast 00CEMEHEHHOCTh YMOPHO-
Ha KypHHOTO siiilia B 1-e CyTKH HHKyOauuu, %
Table 4. Microbial contamination of a chicken
egg embryo on the first day of incubation, %

. o Incubation Group
Sanitary-indicatory .
. . period,
microorganisms d .
ays control experiment
Staphylococci 1 70 20
Coliform bacteria 1 50 10

Tada. 5. CebecTonMOCTH MOTyYEHHUS OHOTO
CYTOYHOTI'O LIBIIUICHKA, P.

Table 5. Production cost of one-day-old chick, r

Sum of expenses
Cost item Control Experi-

group ment group
Hatching egg 24 24
Payroll fund 0,000042 | 0,000042
Expenditures for water supply 7,96 7,96
Energy resources 1,071 1,071
Depreciation of cabinets
(hatchery and incubation
cabinets) 3,57 3,57
Miscellaneous expenditures 8.4 6,4
Total: 45 43

Taba. 6. DxoHomudeckas 3pHEKTHBHOCTH HC-
MOJIb30BaHUs nipenapara « MOHKJIaBUT- 1» s
00pabOTKHM NHKYOAITMOHHBIX STUI]

Table 6. Economic efficiency of using the drug
«Monclavity for the processing of hatching eggs

Group
Indicator control experi-
ment
Number of conditioned chickens,
400 414
heads
Cost price per chicken, rubles 45,0 43
Total cost, rubles 18000 | 17 139
Selling price of one chicken, rubles 90,0 90,0
Total disposal value, rubles 36 000 | 37 260
Profit, rubles 18 000 | 20 121
Product profitability level, % 100,0 117,3

with disinfection by formaldehyde vapor (see
Table 5).

The profit from the use of the preparation
"Monclavit-1" was higher by 2121 rubles. (see
Table 6), which contributed to an increase in the
profitability of the treatment of hatching eggs
with the preparation "Monclavit-1" by 17.3%
compared with the disinfection with formalde-
hyde vapor (see Table 5).

CONCLUSIONS

1. Hatching eggs with blood ring in disinfec-
tion with formaldehyde vapors were 0,9% (p <
0,05), late dead eggs - 1,3% (p < 0,05), dead in
shell eggs - 2,0% (p < 0,05) more than those
after treatment with Monclavit-1, respectively.

2. Hatchability and hatchability of the treat-
ment with Monclavit-1 compared to formalde-
hyde disinfection were higher by 3.1 and 4.4%,
respectively.

3. The use of the preparation "Monclavit-1"
for the treatment of hatching eggs helped to re-
duce the cost of one day-old chick by 2 rubles
compared to this indicator for the disinfection
with formaldehyde vapor.

4. The number of coliform bacteria detected
in the biomaterial in the experimental group
was 5 times lower and staphylococci 3.5 times
lower than in the control group.

5. The profit from the use of the drug "Mon-
clavit-1" was higher by 2121 rubles, which in-
creased the profitability level of the treatment
of hatching eggs with the drug "Monclavit-1"
by 17.3% compared with the disinfection with
formaldehyde vapor.

CIIMCOK JIMTEPATYPbI

1. Manoghees H.A., L{vinnsnes A.11. Pe3epBbl NOBBI-
menus kagecrtsa gitua // Itunesonctso 2019.
Ne 3. C. 6-8.

2. Baproxun A.B. llpuMmeHeHHE BeTEPUHAPHOTO
npenapara « MOHKJIABUT-1» B NTHIIEBOJACTBE //
3ooungyctpus. 2019. Ne 8. C. 16-17.

3. Koyuw UU., Cmonenckuu B.M. KoMmiiekcHas
nporpamMma obecriedeHus1 OHOJIOTHUECKON Oe3-
OMACHOCTH MPOMBIIUICHHBIX MTHIIEBOIYCCKUX
XO3SHCTB SSMUHOTO HampaBiieHus // BetepuHa-
pust. 2020. Ne 2. C. 8-13.

JKMBOTHOBOICTBO M BETEPUHAPHS

CuOMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku ® 2022 521 67



Environmentally safe preparation and traditional disinfectant
in incubation of eggs

Fakhrutdinova R.Sh., Afonina I.A.,
Symanovich O.V., Kinsfator O.A., Soshnikova T.A.

4,

10.

11.

12.

13.

14.

15.

byapos B.C., Yepsonosa U.B., Meonosa B.B.,
Hnvuuesa M. H. IbHeKTUBHOCTD NPUMEHEHUS
(uToOMOTHKOB B mTHLEBOACTBE // BecTHuk
arpapHoif Hayku. 2020. Ne 3. C. 44-59.

3omos A.A., Janunos T.A., I[ynano P.B. Bnus-
HUE TIPEIBIHKYOAIIMOHHOTO MPOTpeBa AWI] TPH
WX JUTUTEIIPHOM XpaHEHUH Ha Pe3yJIbTaThl HHKY-
Oanmu // IltunieBogctio. 2019. Ne 1. C. 16-21.
Ezoposa A.B. Kputepuil OLIEHKH MHUIIEBBIX
smt // ArpapHast Hayka. 2019 Ne 5. C. 27-28.
Knemuxosa JI.B., Mauunosa M.C., Axumen-
xo H.H. BrusHue npenbiHKyOalnoHHON 00pa-
OOTKH SIUIT ¥ BBEACHUS B PAIIMOH YHTEPOCOPOEH-
Ta Ha MeTa0O0IU3M HBITUIAT // MexXTyHapOaHBII
BecTHUK BeTepuHapuu. 2021. Ne 1. C. 161-166.
Topgynrenv E.I1., Tiopuna /1.1, /[yoposun A.B.
OnbIT npuMeHeHus: ouomnpenapara « MTHKyOnH»
TUTsT 00paOOTKU MHKYOAITMOHHBIX stvtl // [1Trite-
BoICcTBO. 2021. Ne 7. C. 40-44.

Lapenxo 1111, Bacunvesa JI.T. buonoruye-
cKoe 00OCHOBaHHE PEKMMOB XpaHEHUS sUIl //
IItuneBoactso. 2019. Ne 11. C. 29-34.
Konoxonvnuxosa T.H., Cynyosa O.A., Ilo-
asnckas B.B. V3MeHeHHWe KadyecTBa WHKyOa-
[IMOHHBIX SUI] TIPH XPAaHEHUH B TEPMETHYHOMN
ynakoBke // Berepunapusi, 300TexHus U OHO-
texHoziorus. 2019. Ne 3. C. 73-79.
Tpemvsaxosa E.H., Cropxuna H.A., Jlamo-
noe C.A. BnusHue OHMOJOTHYECKH aKTUBHOH
M00aBKA Ha Ka4ecTBO MsCa Kyp W IIBITUIAT-
OpoiinepoB // BectHuk MudypHHCKOTO TOCY-
JApCTBEHHOI 0 arpapHoro ynusepcurera. 2019.
Ne 1. C. 92-94.

Tpuyxep U.A. Poct KypuHBIX SMOPHOHOB TIPH
M3MEHEHUH MHKYOaIMoHHbIX Temueparyp // Co-
BeTckoe nrumeBoacTso. 2019. Ne 10. C. 27-30.
Kopcaxos K.B., Bacunves A.A., Cusoxuna JI.A.
[loBbIlIIeHHE BBIBOAUMOCTH WHKYOAIIMOHHBIX
SIMIT U KQYECTBA BBIBEJICHHOTO MOJIOAHSIKA C TI0-
MOIIBIO Mpenapara TyMUHOBBIX KUCIOT // 300-
texaus. 2019. Ne 2. C. 41-45.

Ez2oposa A.B. OCHOBHBIEC HampaBIICHUS pado-
THI C MSICHBIMH KypamH POAMTEIHCKOTO CTa-
na oOpoiinepoB // IltuneBoncrso. 2019. Ne 3.
C. 16-20.

Kypouxun A.A., Ilnewanos H.B. DepTUIbHOCTD
3aMOPOXKEHOOTTASIHHOTO CEMEHH TIETYXOB B 3a-
BHCHMOCTH OT CTapTOBOM TeMIEpaTypsl KPHO-
rxoHcepBarmn // 3ootexnawus. 2020. Ne 12. C. 26—
29.

REFERENCES

1.

10.

11.

Malofeev N.A., Tsyplyaev A.P. Reserves for
improving the quality of eggs. Ptitsevodstvo =
Poultry, 2019, no. 3, pp. 6-8. (In Russian).
Varyukhin A.V. Application of the veterinary
drug "Monklavit-1" in poultry farming. Zooin-
dustriya = Zooindustry, 2019, no. 8, pp. 16—17.
(In Russian).

Kochish LI, Smolensky V.I. Comprehensive
program for ensuring biological safety of com-
mercial egg layer poultry farms. Veterinariya =
Veterinary Medicine, 2020, no. 2, pp. 8—13. (In
Russian).

Buyarov V.S., Chervonova 1.V., Mednova V.V.,
Ilyicheva I.N., Efficiency of application of phy-
tobiotics in poultry farming. Vestnik agrarnoi
nauki = Bulletin of Agrarian Science, 2020, no.
3, pp. 44-59. (In Russian).

Zotov A.A., Danilov T.A., Gupalo R.V. The in-
fluence of warming of eggs during long-term
storage on the efficiency of incubation. Ptit-
sevodstvo = Poultry, 2019, no. 1, pp. 16-21.
(In Russian).

Egorova A.V. Evaluation criterion for food
eggs. Agrarnaya nauka = Agrarian Science,
2019, no. 5, pp. 27-28. (In Russian).
Kletikova L.V.,, Mannova M.S., Yakimen-
ko N.N. Effect of pre-incubation egg process-
ing and introduction of enterosorbent into the
diet on chicken metabolism. Mezhdunarodnyi
vestnik veterinarii = International Bulletin of
Veterinary Medicine, 2021, no. 1, pp. 161-166.
(In Russian).

Gorfunkel E.P., Tyurina D.G., Dubrovin A.V.
Experience of using the biological product
"Incubin" for the processing of hatching eggs.
Ptitsevodstvo = Poultry. 2021, no. 7, pp. 40—
44, (In Russian).

Tsarenko P.P., Vasileva L.T. Biological adequa-
cy of different egg storage regimes. Ptitsevod-
stvo = Poultry, 2019, no. 11, pp. 29-34. (In
Russian).

Kolokolnikova T.N., Suntsova O.A., Polyans-
kaya V.V. Quality change in hatching eggs at
storage in hermetic package. Veterinariya, zoo-
tekhniya i biotekhnologii = Veterinary, zootech-
nics and biotechnology. 2019, no. 3, pp. 73-79.
(In Russian).

Tretyakova E.N., Skorkina I.A., Lamonov S.A.
Effect of biologically active dietary supple-
ments on the chicken and broiler chicken meat
quality. Vestnik Michurinskogo gosudarstven-

68

Siberian Herald of Agricultural Science ¢ 2022 ¢ 52 « |

Animal husbandry and veterinary science



DKoJorudecky 0e30MacHbli Npenapar U TpaJ uLHOHHBIH
Ne3MH(PEKTAaHT TIPH UHKYOAIuH SHIL

@axpyrmunosa PIII., Aponnna N.A.,
CeivanoBud O.B., Kuncdarop O.A., Comnukona T.A.

nogo agrarnogo universiteta = Bulletin of
Michurinsk State Agrarian University, 2019,
no. 1, pp. 92-94. (In Russian).

12. Pritsker I.Ya. Growth of chicken embryos with
a change in incubation temperatures. Sovetskoe
ptitsevodstvo = Soviet poultry, 2019, no. 10,
pp- 27-30. (In Russian).

13. Korsakov K.V., Vasiliev A.A., Sivokhina L.A.
The improvement of hatchability of eggs and
quality of hatched chicks after the preliminary
treatment of eggs with a preparation of humic

HH®OPMALIUA Ob ABTOPAX

<) ®daxpyraunosa P.II., kaHaumar ceabCKo-
XO3SHCTBEHHBIX HAYK, JIOIICHT; aJpec IJIsl Mmepenu-
ckm: Poccus, 634050, Tomck, ya. K. Mapkca, 19;
e-mail: zootehnik tshi@mail.ru

Adonnna WH.A.,
HayK, JIOI[eHT

KaHIUIAT OMOJIOTHYECKUX

CoimanoBuu O.B., kaHgumar ceIbCKOXO3sii-
CTBEHHBIX HayK, TOIICHT

Kuncparop O.A., xaHAMIAT CENbCKOXO35H-
CTBEHHBIX HayK, TOIICHT

ComankoBa T.A., kaHauaar OHOJOTHMYECKHX
HayK, TOI[CHT

acids. Zootekhniya = Journal “Zootechniya”,
2019, no. 2, pp. 41-45. (In Russian).

14. Egorova A.V. The main directions of work with
meat chickens of the broiler parent herd. Ptit-
sevodstvo = Poultry, 2019, no. 3, pp. 16-20.
(In Russian).

15. Kurochkin A.A., Pleshanov N.V. Fertility of
frozen / thawed rooster’s semen depending on
the starting temperature of cryopreservation.
Zootekhniya = Journal “Zootechniya”, 2020,
no. 12, pp. 26-29. (In Russian).

AUTHOR INFORMATION

(<) Raisa Sh. Fakhrutdinova, Candidate
of Science in Agriculture, Associate Professor;
address: 19, Karl Marx St., Tomsk, 634050, Russia;
e-mail: zootehnik tshi@mail.ru

Irina A. Afonina, Candidate of Science in
Biology, Associate Professor

Oxana V. Symanovich, Candidate of Science in
Agriculture, Associate Professor

Olga A. Kinsfator, Candidate of Science in
Agriculture, Associate Professor

Tatyana A. Soshnikova, Candidate of Science
in Biology, Associate Professor

Jlama nocmynnenus cmamou / Received by the editors 20.10.2021
Hama npunsmus x nyénuxayuu / Accepted for publication 28.01.2022
Jlama ny6auxayuu / Published 25.03.2022

JKMBOTHOBOICTBO M BETEPUHAPHS

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku » 2022 52+ 1 69



U HHOOPMALIHOHHOE OFECIHIEYEHUE

!Q MEXAHU3ALINA, ABTOMATH3ALIMA, MO/JE/IMPOBAHUE
MECHANISATION, AUTOMATION, MODELLING AND DATAWARE

https://doi.org/10.26898/0370-8799-2022-1-8 Tun crarby: OpUrHHANBHAS
VIK: 631.153.4 Type of article: original

OILEHKA U BBIBOP MAIINMHHO-TPAKTOPHBIX AI'PEI'ATOB
PU KYJIBTUBALIUMU 110 SQHEPTETUYECKHUM 3ATPATAM

(<) Hazapos H.H., HexpacoBa U.B.

Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

(<) e-mail: sibime-nazarov@yandex.ru

[IpencraBineHsl MaTepHalIbl IO OIICHKE W BHIOOPY MAIIMHHO-TPAKTOPHBIX arperaroB IO KpHTe-
pUSAM MHUHUMH3ALUM 3aTpaT Ha UX MPOMU3BOACTBO M IKCIUIyaTallMio (CyMMapHas yJesbHas JHep-
roemkocTb MTA Ha ero mpou3BOJCTBO M IKCIUTyaTallMI0) U MaKCHUMaJIbHON NMPOU3BOAUTEIHHOCTH
IIPU BBITOJHEHUH TEXHOJIOTMYECKOTO IMpoLecca KyJIbTHBALMU MOYBbl. YCTAHOBJIEHO, YTO HOMEH-
KJIaTypa TEXHOJOTHYECKUX MAIIWH I MPOBEACHUS TEXHOJIOTHYECKOTO Tpolecca KyIbTHBAIUS
IIPH MOIITHOCTH MOOWJIBHBIX dHEPTETHIECKHX cpencTB 10 110 m.c. ompenensercs KyIpTHBATOpaMHU
tuna KI1C-4, KbM-4,2 ¢ ucnons3zoBanueM TpaktopoB JD5620, AGCO MF3640, FOM3-6, JIT3 955,
ID6020, MT3-80/82, MT3-920, Benapyc-900, benapyc-921, benapyc-923, Deutz Agrofarm 430 u
MT3-1025. OHr UMEIOT CyMMapHbI€ y/IeIbHbIC JHEPTOSMKOCTH HCITIOJIb30BaHMS ¢ 0003HAYCHHBIMU
TEXHOJIOTHYECKUMH MalllMHAMU Ha MHHUMAJIbHOM YPOBHE, IPOU3BOJUTEIHLHOCTh — HA MaKCUMaJIb-
HoM. B nmamazone momrHOocTel TpakTopoB oT 110 qo 145 n1.c. menecoobpa3Ho HCTONB30BaTh KyIlb-
tuBatopsl KIITY-5, KIIY-6, KITC-8I1 ¢ MOOMIBHBIMU 3HEpreTHUSCKUME cpeacTBamu New Holland
T6050 Delta, CASE IH Maxxum 125, JD 6130D, JD 6135, MT3-1221, benapyc 1220, JIT3-155
1 MT3-1222, uMeronyMy Takke MaKCHMaJIbHYIO POU3BOAUTEIBHOCT TP MUHUMAIBHOM YpPOB-
HE CYMMapHBIX yAEJIbHBIX SHEPrOeMKOCTEH Ha UX MPOM3BOJICTBO M AKCIUTyaTaluio. BeisiBiIeHO, YTO
npu npuMeHeHun KyiasruatopoB tuma KIITY-12, KbM-7,2I1, KEM-10,811, Jlugep-6H, AIIK-7,2,
RTS-1831, KI10-7,2, KORUND 8/900 (MomHOCTh 3HEpreTHUecKoro cpeactra a0 150-210 m.c.)
10 0003HAYEHHBIM KpUTEPHAM 3(PPEKTUBHOCTH IeIeco00pa3HO HCIIONB30BaTh TpakTopsl T-150K,
MT3-1523, XT3-121, XTA 200-10, benapycp 1525, XT3 17221, Terrion ATM 3180, Deutz Fahr
Agrotron 165.7, JD 7030, ATM 4200 Terrion, MT3-2022. YcTaHOBIICHO, YTO ISl UCIIOJIb30BaHUS
KyasTuBatopoB Jlugep-7,2H, Jluaep-8 mo 0603Ha4eHHBIM KPUTEPHUSIM MUHUMHU3ALUH 3aTpatr dHep-
MM 1 MAaKCUMAIIbHON MTPOU3BOAUTEILHOCTH TPEOYIOTCS TPAKTOPhI MOIIHOCTHIO 10 210-240 n.c. JD
7830, JD 7930, New Holland 7060, Deutz Fahr Agrotron L720 DCR, Claas Axion 850.

KuroueBble ¢jioBa: TEXHOJIOTHIECKHE TIPOIECCHI, MAIIMHHO-TPAKTOPHBIE arperarsl, (GopMupo-
BaHUeE, yAelbHas SHEPTOEMKOCTh

EVALUATION AND SELECTION OF MACHINE-TRACTOR UNITS DURING
CULTIVATION BY ENERGY COSTS

(<) Nazarov N.N., Nekrasova L.V.

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

(<) e-mail: sibime-nazarov(@yandex.ru

The materials on evaluation and selection of machine-tractor units by the criteria of minimization
of their production and operation costs (total specific energy intensity of MTU for its production and
operation) and maximum productivity in carrying out the technological process of soil cultivation
are presented. It has been established that the range of technological machines for carrying out the
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OrieHKa u BL]60p MAaIIMHHO-TPAKTOPHBIX arperaToB IIPH KyJIbTUBAaLlUX

Hasapos H.H., Hekpacosa 11.B.

TI0 DHCPIreTUYCCKUM 3aTparam

technological process "cultivation" with the power of mobile power plants up to 110 hp is determined
by cultivators such as KPS-4, KBM-4.2 type using tractors JD5620, AGCO MF3640, UMZ-6, LTZ
95B, JD6020, MTZ-80/82, MTZ-920, Belarus 900, Belarus-921, Belarus-923, Deutz Agrofarm 430
and MTZ-1025. They have the total specific energy intensity of use with the designated technological
machines at the minimum level, and the productivity at the maximum. In the power range of tractors
from 110 to 145 hp it is advisable to use cultivators KSHU-5, KSHU-6, KPS-8P with mobile power
tools New Holland T6050 Delta, CASE IH Maxxum 125, JD 6130D, JD 6135, MTZ-1221, Belarus
1220, LTZ-155 and MTZ-1222, which also have the maximum productivity at the minimum level
of the total specific energy consumption for their production and operation. It has been found that
when using cultivators of the type KSHU-12, KBM-7.2P, KBM-10.8P, Leader-6N, APC-7,2, RTS-
1831, KPO-7.2, KORUND 8/900 (power of the energy means up to 150-210 hp), according to the
indicated efficiency criteria, it is advisable to use tractors T-150K, MTZ-1523, HTZ-121, HTA 200-
10, Belarus 1525, HTZ 17221, Terrion ATM 3180, Deutz Fahr Agrotron 165.7, JD 7030, ATM 4200
Terrion, MTZ-2022. It has been established that for the use of cultivators Leader-7.2N, Leader-8,
according to the indicated criteria for minimizing energy consumption and maximum productivity,
tractors with a power of up to 210-240 hp like JD 7830, JD 7930, New Holland 7060, Deutz Fahr
Agrotron L720 DCR, Claas Axion 850 are required.

Keywords: technological processes, machine-tractor units, formation, specific energy intensity
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INTRODUCTION

One of the main issues faced by agricultural
producers in the implementation of technologi-
cal processes in crop cultivation technologies is
the formation of a rational composition of ma-
chine-tractor units (MTU). At the present time
the market of agricultural machinery offers a
wide choice of mobile power units and techno-
logical machines, equipped with the necessary
devices for operation, control and management
of tillage processes, sowing of seeds of agri-
cultural crops, application of various forms of
mineral fertilizers, etc. However, this causes
a significant increase in the cost of purchased
machinery and the corresponding financial
costs in its operation. In addition, the choice of

a rational composition of MTU is complicated
by a large volume of calculations in the forma-
tion of technological maps for the cultivation of
crops in determining the direct operating costs
due to the increased nomenclature of technical
support of technological processes.

In this regard, at the initial stage it is advis-
able to form machine-tractor units according
to the criteria of minimizing the cost of their
production and operation (total specific energy
intensity of MTU for its production and opera-
tion) and maximum productivity in perform-
ing the corresponding technological processes
[1-10].

The research of the leading scientists of Si-
beria in the implementation of technological
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processes of tillage, application of liquid forms
of mineral fertilizers, sowing of grain crops in
the conditions of the Siberian region is aimed at
solving the issues of reducing energy consump-
tion in the production of agricultural products
[11-15].

When considering the issues of energy sav-
ing in technological modules of crops cultiva-
tion, it is necessary to take into account the fact
that technological processes of the same func-
tional orientation must be performed in full and
in the required time interval. This kind of dual
goal requires a logical solution, taking into ac-
count the assessment of the significance of fac-
tors affecting the choice of machine-tractor ag-
gregates.

The purpose of the work is to choose a ra-
tional composition of machine-tractor units on
energy indicators in the implementation of the
technological process of cultivation.

The research objective is to evaluate the ef-
fectiveness of the technological aggregates ac-
cording to the criterion of minimization of total
specific energy inputs during the technological
process of cultivation.

MATERIAL AND METHODS

The method for determining the anthropo-
genic energy of production and operation of
mobile energy vehicles and technological ma-
chines is described by known dependencies in
accordance with recommendations 7 [16]. In
this case we are talking about assessing the ef-
ficiency of using machine-tractor aggregates
by two quality indicators: the minimum cost
of their production and operation (total specific
energy intensity of MTU for its production and

operation) and the maximum productivity when
performing the corresponding technological
processes. It is advisable to solve the presented
two-criteria task as follows:

— determination of anthropogenic energy of
production and operation of mobile energy ve-
hicles and technological machines;

— determination of energy consumption of
the operating personnel;

— determination of specific (per 1 hour of
work) energy intensity of tractors, technologi-
cal machines and couplings in the performance
of the corresponding technological process.

Anthropogenic energy of production and op-
eration of mobile energy facilities and techno-
logical machines is determined by the formula

E =F =E+EF +E+E)/ W, (1)
where E i — energy costs in the implementa-
tion and selection of a particular (j-ro) techno-
logical process; E/,_- specific direct energy con-
sumption for the implementation of j-ro PPM,
MJ/ha; El | - energy inputs of live labor during
implementation of the j-th CHP, MJ/h; Ej m +
Ei_+ Bl - energy intensity of technological ma-
chines, couplings, tractors respectively per 1
hour of shift time, MJ/h; Wjo]DS - output per shift
of MTA in the j-th CHP, ha/h.

Energy costs of the operating personnel

| A <A
E P = WO]{S )
where n ., 71— he number of main workers
(tractor drivers, combine operators, drivers)
and indirect labor (sowers, tractor drivers, load-
ers), respectively; A, A—energy equivalents of

"Milaev P.P. System biogeoenergetic analysis of the agricultural production processes: Methodological recommendations.

Novosibirsk, 2005. 80 p.

*Zhuchenko A.A., Afanasiev V.N. Energy Analysis in Agriculture: Methodological and Methodical Recommendations.

Kishinev: Stiinza, 1988. 128 p.

3Zhuchenko A.A., Ursul A.D. Strategy of adaptive intensification of agricultural production. Kishinev: Shtinitsa, 1983. 304 p.
*The method for determining the energy efficiency of mineral, organic and lime materials. Minsk, 1996. 50 p.

SMethodology of resource-ecological assessment of the farming efficiency on a bioenergetic basis. Kursk, 1999. 48 p.
®Mindrin A.S. Energy and economic assessment of agricultural production. M, 1997. 197 p.

"Methodology for determining the economic efficiency of technologies and agricultural machinery: Regulatory and reference

material. M., 1998. Vol. 2. 251 p.
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labor costs of the main and indirect labor, MJ/
person/h.

The following energy equivalents for labor,
MJ/person/h were accepted: tractor drivers,
combine operators, drivers - 60.8; indirect la-
bor - 33.3 (see footnote 4).

The specific energy intensity of tractors, tech-
nological machines and couplings is calculated
by the following formulas (3) — (4):Yaensnyto
HEPrOEMKOCTh TPAKTOPOB, TEXHOJIOTUYECKHX
MaIlliH ¥ CHENOK ompeneisieM mo (opmynam

() —4):
oo Mea [a | 4
100 | T, T @

M A |-am L ay ]

T VA

“4)

where E, E_ are the specific energy intensity of
tractors and technological machines according-
ly per 1 hour of work, MJ/h; A, A_ - norm of
deductions for renovation of tractors and tech-
nological machines accordingly, %; Mrt - norm
of deductions for renovation of tractors, %; att,
atm - norms of deductions respectively for cur-
rent repair, maintenance and storage of tractors
and technological machines, %; Tnt,Tnm - nor-
mative annual load of tractors and technological
machines respectively, h; T , T - zonal annual
load of tractors and technological machines re-
spectively, h.

The energy equivalent of 1 kg of physical
weight of tractors and cars is taken at the level
of 142.2 MJ, that of agricultural machinery -
116.1, the norms of the annual load, deductions
for renovation, overhaul and current repairs,
maintenance and storage of agricultural ma-
chinery are taken from the recommendations
(see footnotes 4, 6).

RESULTS AND DISCUSSION

The assortment of technological machines
for carrying out the technological process of
cultivation is presented quite capacious. In

each drawbar category of mobile energy equip-
ment, the main type of use of these machines
is defined with the presentation of the total
specific energy intensity of both technological
machines and mobile energy equipment of the
corresponding class and the productivity of an
aggregate as an integral part of the evaluation
of its use efficiency.

When using mobile power tools up to 110 hp
the following main technological machines are
used: cultivators KPS-4, KBM-2,1 and KBM-
4,2 (see Fig. 1).

Analysis of the material shows that with
almost the same productivity (4,0-4,3 ha/h),
cultivators KPS-4 and KBM-4,2 have at least
a twofold advantage over the KBM-2,1 cultiva-
tor. In addition, the total specific energy inten-
sity of the use of technological machines and
mobile power equipment is in a similar ratio.
In this connection two kinds of technological
machines with the following mobile power
equipment are offered for realization: JD5620,
AGCO MF3640, UMZ-6, LTZ 95B, JD6020,
MTZ-80/82, MTZ-920, Belarus-921, Belar-
us-923, Deutz Agrofarm 430 and MTZ-1025,
having the total specific power consumption of
the mentioned technological machines use at
the minimum level, productivity - at the maxi-
mum.

When using mobile power equipment with
the power of 110-145 hp it is advisable to use
the following technological machines which
form the basis in the presented class of tractors:
cultivators Stepnyak-4,2, KSHU-5, KSHU-6
and KPS-8P.

It should be noted that Stepnyak-4,2 cou-
pled with mobile energy equipment has a high
(almost 2 times) total specific power capacity
compared to the cultivators of this class (see
Fig. 2). Besides, its productivity is 1,8-2,0 times
lower than that of the indicated cultivators. In
this connection for practical realization we take
cultivators KSHU-5, KSHU-6 and KPS-8P in
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Puc. 1. CymmapHasi ylienbHasi SHEPrOEMKOCTh UCTIONB30BAHUS TEXHOJIOTMUECKUX MAIIHH () U TIPOU3BO-
JTUTEITFHOCTD TIPH KyJABTUBAIUH (6) (MOITHOCTH TpakTopa o 110 m.c.)

Fig. 1. Total specific energy intensity of using technological machines (a) and productivity during

cultivation (6) (tractor power up to 110 hp)

the aggregate with New Holland T6050 Delta,
CASE IH Maxxum 125, JD 6130D, JD 6135,
MTZ-1221, Belarus-1220, LTZ-155 and MTZ-
1222 mobile power vehicles. It is inexpedient
to use RTM-160 tractor with this class of tech-
nological machines because of high total spe-
cific power consumption.

For mobile power equipment with the power
of 150-210 hp there is a wide range of tech-
nological machines (cultivators): KBM-6,
KBM-7,2P, KBM-10,8P, Leader-4, Leader-6N,
APK-7,2, RTS-1831, Stepnyak-5,6, KPO-7,2,
KSHU-12, KORUND 8/900, KPE-3,8. This list
can be continued (see Fig. 3).

Initial assessment of the appropriateness
of using technological machines according to
the minimum total specific energy intensity re-
vealed that the lowest value of it has the cul-
tivator KSHU-12 (61-69 MJ/ha). Then follow
KBM-6 and KBM-7,2P cultivators according
to this indicator (86-106 and 88-104 MJ/ha re-
spectively).

There is no denying the possibility of op-
erating other technological machines in the
technological process of cultivation (it is more
related to the sustainability of economic de-
velopment of agricultural producers), but we
recommend a scientifically sound rational ap-
proach to the choice of mobile power tools and
related technological machines by the criteri-
on of the lowest total specific energy intensity
of their use.

For the final evaluation and selection of a
promising variant of the unit with the desig-
nated criterion, it is advisable to further evalu-
ate their use by the productivity of the compiled
units (ha/h) (see Fig. 4).

For the practical implementation according to
the mentioned criteria of minimization of energy
consumption and maximum productivity of the
unit created on this base it is reasonable to use
KSHU-12 cultivator in combination with mobile
energy vehicles T-150K, MTZ-1523, HTZ-121,
HTA 200-10, Belarus 1525, HTZ 17221, Ter-
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Puc. 2. CymmapHas yaenbHas JHEProeMKOCTh HCTIOTB30BAHNS TEXHOIOTHIECKIX MAIWH (&) U TIPOU3BO-
JUTENBHOCTD TIPH KyJAbTUBaLWU (0) (MoIIHOCTh Tpakropa 110-145 mn.c.)

Fig. 2. Total specific energy intensity of using technological machines (a) and productivity during
cultivation (6) (tractor power 110-145 hp)
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Fig. 3. Total specific energy intensity of using technological machines during cultivation (tractor power
150-210 hp)
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rion ATM 3180, Deutz Fahr Agrotron 165.7, JD
7030, ATM 4200 Terrion, MTZ-2022.

A separate position is occupied by a num-
ber of cultivators with acceptable in this area
performance: KBM-7,2P, KBM-10,8P, Leader-
6N, APK-7,2, RTS-1831, KPO-7,2, KORUND
8/900 (88-104, 110-123,98-113, 171-184, 129-
141, 171-182, 114-128 MJ/ha) while operating
the same mobile power equipment.

Increasing the power of mobile power tools up
to 210-240 hp ensures the operation of wide-cut
cultivators of Leader-7,2H, Leader-8 and Pros-
tor-5,4 types. The unambiguous leader by the
minimum of the total specific energy intensity of
the use of technological machines is the cultivator
Leader-7,2H (111-119 MJ/ha) (see Fig. 5).

According to this evaluation criterion, the
values are quite close when using Lider-8 and
Prostor-5,4 cultivators (147-156 MJ/ha), which
exceed the total specific energy intensity when
using Lider-7,2H cultivator.

Evaluating the effectiveness of these techno-
logical machines by the second criterion - pro-
ductivity - it should be noted that the productiv-
ity of cultivators Leader-7,2H, Leader-8 is 1,7
and 1,8 times higher than that of the cultivator
Prostor-5,4.

Taking into account the above material, we
recommend for practical implementation in this
class of mobile power tools JD 7830, JD 7930,
New Holland 7060, Deutz Fahr Agrotron L720
DCR, Claas Axion 850, cultivators Leader-
7,2H and Leader-8.

Further increase of the power of mobile
power tools (up to 240-280 hp) enables to op-
erate wide-cut cultivators such as KBM-14,4P,
KD-720ML, Stepnyak-7,4, Stepnyak-10 and
KPSH-9.

In terms of minimum energy consumption
in the operation of the presented technological
machines, the most representative is the culti-
vator KPSH-9 (96-108 MJ/ha) (see Fig. 6).

All the above-mentioned cultivators have
energy intensity of their use exceeding the val-
ues of 145 MJ/ha and more. It is important to
note that by productivity KPSH-9 is almost
equal to KBM-14,4P and Stepnyak-10 cultiva-
tors (see Fig. 7).

Evaluating the stated material by the criteria
of total specific power consumption of tech-
nological machinery and productivity in their
operation, it is advisable to use KPSH-9 culti-
vator in the unit with mobile energy equipment
MTZ-2522, K-700A Slavich, K-701 Slavich,
MTZ-2822 and Terrion ATM 5280.
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Puc. 4. IIpon3BOIUTENFHOCTD TEXHOIOTHIECKON MAIIMHBI PH KYJIBTHBANNHN (MOIIHOCTH TPAKTOpa —

150-210 n.c.)

Fig. 4. Process machine productivity during cultivation (tractor power - 150-210 hp)

76  Siberian Herald of Agricultural Science ¢ 2022 « 52 1

Mechanisation, automation, modelling and dataware



OuneHka 1 BbIOOp MalIMHHO-TPAKTOPHBIX arperaTtos P KyJIbTHBALMH
10 YHEPTEeTHYECKUM 3aTparam

Hasapos H.H., Hexpacosa I1.B.

a o
s 180 0
Z 160 =
2 140 = 8
g 1207 £ 67
5 2100 Z 4.
o = 2
g = % 2 2
5 60 - &
o — 4
s ¥ 0 ° %
g 207 - B
a 0 - g 2
508
A

o o
on o
0 o)
= ~
a a
Lo} —_

L720 DCR

New Holland 7060
Deutz Fahr Agrotron

Leader-7,2H

B Leader-7,2H
B Leader-8
[ Prostor-5,4

Claas Axion 850
John Deere 7930

Puc. 5. CymmapHas yJenbHas DSHEPrOEMKOCTh UCTIOb30BaHMUS SHEPIETUIECKUX CPEACTB TPU KYJIbTHBA-
nu (@) TIPU MPOU3BOAUTEITHLHOCTH TEXHOJIOTHIECKOTO cpencTBa (6) (MomHOCTh TpakTopa 210-240 i.c.)

Fig. 5. Total specific energy intensity of using technological machines during cultivation () at their

productivity (6) (tractor power 210-240 hp)
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Puc. 6. CymmapHnas yaenpHasi 3HEProeMKOCTh UCIIOIb30BAHUS TEXHOJOTHYECKUX MAIllUH IPU KYJIBTHBA-
mu (MOIIHOCTE TpakTopa 240-280 i1.c.)
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Fig. 6. Total specific energy intensity of using technological machines during cultivation (tractor power

240-280 hp)

CONCLUSIONS

1. At the initial stage of formation of ma-
chine-tractor units it is advisable to evaluate the
effectiveness of their acquisition by the criteria
of minimizing the cost of their production and
operation (the total specific energy intensity of
MTU for its production and operation) and the

maximum productivity when performing the
corresponding technological process.

2. The use of the proposed methodological
approach to the evaluation and selection of the
rational composition of a machine-tractor ag-
gregate provides a 20-25% reduction in mate-
rial costs for the purchase of technical support

MexaHu3a1wst, aBTOMATH3ALWsL, MOZICIMPOBAHHC
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Fig. 7. Productivity of technological machines
during cultivation (tractor power — 240-280 hp)

of technological processes in the technologies
of cultivation of crops.
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MIPUMEHSIIOT AJISl OCYLIECTBICHUS! BCEBO3MOXKHBIX TEXHOJOTMYECKHX omnepanuid. Mcnonbp3oBaHue
BUOpaIry MO3BOJISIET CHU3HTH TPYAOEMKOCTh M YMEHBIIHTH C€0ECTOMMOCTh MPOU3BOACTBEHHBIX
3arpar. B J1aHHOM HCClleIOBaHUY MPE/ICTABICHBI PE3YJIbTaThl U3YUCHUSI MEXaHNU3Ma BO30YKICHHUS
BHOPAITMOHHBIX KOJICOAHUH, U3 KOTOPOTO OYEBUIHO, YTO HA BETUYHHY MOIIHOCTH BHOPOBO30YIH-
TeJsI BITUSIOT pa3Mephl Kopiryca, OeryHa v MPUHSTHIN dKCIeHTprucuTeT. [IprBeieHs! pe3yIbTarhl Mo
BEJIMYMHE KOPITyCa, SKCIICHTPUCUTETA U BEJIIMYMHBI HEYPaBHOBEIIIEHHON Macchl — OeryHa, — mepe-
MEIAIOMIEroCs 0 BHYTPEHHEH MOBEPXHOCTH LIMJIMHIAPUYECKOTO KOPIyca U BO30YKAAIOLIETo MpH
NepeMeIIeHUN BUOpAIMOHHBIC KojieOanus. OnpeiesieHa MakCUMallbHasi MOITHOCTh BUOPOBO30Y -
TeJIs, 3aBHCUMast OT TOTO, Oy/IeT JIn OeTyH MPHUKUMATHCS IEHTPOOCIKHON CHIION K IIMITMHPUIECKON
BHEITHEH TTOBEPXHOCTH BUOPOBO3OYIUTENS HA TIPOTSHKEHUN BCEH JITMHBI ToBepxHOCTH. Ecin OeryH
LIEHTPOOCIKHON CHIION HE CMOXKET OBITh MPIDKAT K IMUIMHAPUIECKOHN MOBEPXHOCTH BHOOPOBO30OYIH-
TeJIsl, TO Ha pabodnx cKopocTsix Baja oroopa MourHocTH (750 n 1000 06./MuH) OyayT y4acTKH 1o-
BEPXHOCTH, TI0 KOTOPBIM O€TYH Oy[eT NpHrKaT K MOBEPXHOCTH U OKa3bIBaTh BUOpaLIMOHHBIE KoJieOa-
HUsl. Ha ocTaibHOM MOBEpXHOCTH OETYH CTaHET CKONB3UTh MUMO HMJIHHAPHUYECKON TOBEPXHOCTH,
BBI3BIBAsI CTYK, U HE Oy/IeT BO30YKIaTh BUOpaMOHHbBIe KoneOanus. OnpeesieHbl Y4acTKU TTOBEPX-
HOCTH, Te O6eryH He OymeT Bo30yXkmIaTh BHOPAIMOHHBIX KoneOanuid. CTYK OTHOCHTCS K BHOpaITu-
OHHBIM KoneOaHusM OeryHa. OH BO3HHKaeT y OeryHa, He HaOpaBIIero MaKCHMallbHOW CKOPOCTH
Y TIOPTOMY He MPHKATOTO K KOPITyCy HUIUHApHUeckoi ¢opwmbl. [lepenada sneprun BuOpamuu Ha
KOPIIyC BUOPOBO30YANTEISI MPOUCXOAUT OT SHEpruu OeryHa. beryn, kacasch Kopityca, HCIIBITHIBAET
BO3JICIICTBUE MHEPIIMOHHBIX CHJI Ha KOPIYC M BO30YKJaeT BHEIIHUE CHIIBI, TEPEAAI0IIe YHEPTUIO
BHOpAaIy Ha BUOPOBO3OYIUTEIb.

KuaroueBble ci1oBa: TIIyOOKOPBIXIIUTENb, BUOPOBO3OYIUTEh, BHOpAIUs, aMIUINTyAa, padbodne
CKOPOCTH, Ball 0TOOPa MOIITHOCTH
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At the moment, vibration exciters of different designs are widely used for all kinds of
technological operations. The use of vibration makes it possible to reduce labor intensity and the
cost price of manufacturing costs. This paper presents the results of a study of the mechanism of
excitation of vibrational motion, from which it is obvious that the size of the body, the runner and
the adopted eccentricity affect the value of the power of the vibration exciter. The results on the size
of the body, the eccentricity and the value of the unbalanced mass - a runner - moving on the inner
surface of the cylindrical body and exciting vibration oscillations during movement are presented.
The maximum power of the vibration exciter, depending on whether the runner will be pressed by
centrifugal force to the cylindrical outer surface of the vibration exciter over the entire length of the
surface, is determined. If the runner cannot be pressed to the cylindrical surface of the vibrator by
centrifugal force, then at the working speeds of the PTO (750 and 1000 rpm) there will be areas of
the surface where the runner will be pressed against the surface and exert vibratory oscillations. On
the remaining surface, the runner will slip past the cylindrical surface, causing a knock, and will not
excite vibratory oscillations. The surface areas where the runner will not excite vibratory oscillations
were determined. The knock refers to the vibratory oscillations of the runner. The knocking occurs
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in a runner who has not gained maximum speed and therefore is not pressed against a cylindrical
shaped body. Transmission of vibration energy to the vibrator body comes from the energy of the
runner. The runner, touching the hull, experiences the impact of inertial forces on the hull. The
runner excites external forces that transfer vibration energy to the vibration exciter.
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INTRODUCTION

At present, vibration exciters of different
designs are widely used to excite mechanical
vibrations, which are used to perform a vari-
ety of technological operations. At the same
time, special vibrating machines are created,
in which energy from the vibration exciter is
transferred directly to the working body, which
uses vibration (in particular, in agriculture)
for destruction of various soils compacted by
running systems of machines, non-moldboard
deep tillage, plowing. Application of vibration
enables to considerably raise labor productiv-
ity, reduce labor input and prime cost of the ex-
ecuted works. Vibration exciters, which excite
mechanical vibrations of the working bodies of
machines, are quite widespread in many areas
of the economy and in everyday life.

High opportunities for the use of vibra-
tion exciters will appear when it will be pos-
sible to create designs with maximum power,
readjustment of frequencies and amplitudes of
mechanical vibrations. An important value for
vibration machines is the change in the power
of the vibration exciter, which allows to change
the amplitude of mechanical vibrations and,

accordingly, the amplitude of oscillations of
the working bodies, affecting the layer of soil,
breaking the monolithic structure of the an-
thropogenic compacted soil after the passes of
heavy machines, which affect the subsoil hori-
zon with the propulsion systems' [1-6].
Excitation of mechanical vibrations is a pro-
cess of conversion of the source energy into vi-
brating fluctuations. According to I.N. Petryagin
[7], it is possible to increase the power of the vi-
bration exciter by shifting the rotor from the cen-
ter of the body. I.N. Petryagin theoretically and
experimentally justified that the increase in the
rotor displacement relative to the center of the
body allows you to increase the maximum pow-
er of the vibration exciter. This statement was
proved in practice by determining the power of
vibration exciter on the running-in-brake stand.
Experimental values of vibration exciter power
exactly fit the calculated characteristic, so for a
long time it was believed that theoretical and cal-
culated values [7] derived by .N. Petryagin and
experimental dependences are flawless and ap-
plicable to the development of vibration exciters
of other designs®>. We made a vibration exciter
with the calculated values of I.N. Petryagin, in

"Trofimov L.V. Justification of design-mode parameters of vibrating cultivator for pre-sowing tillage: Ph. Orenburg, 2018. 116 p.
Patent No 2578745, B0O6B1/16 (Russian Federation). Vibration exciter / S.G. Shchukin, V.V. Alt, M.A. Nagayka, V.A. Valkov.

Application. 15.12.2014; publ. 27.03.2016. Bulletin no. 9.
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which shock loads inside the body were found,
which were not reported in the work?.

There was a process of occurrence of shock
loads from a cylindrical-shaped part, called a
runnet, when it moved along the inner cylindri-
cal surface of the body under the influence of
the rotor, whose center of rotation was shifted
from the center of the body by the value of ec-
centricity.

Vibration exciter was driven by hydraulic
motor GMSH-50, standardly installed in T-
150K, driven by hydraulic motor of standard
drive by hydraulic pump GMSH-50.

It is assumed that the runner does not reach
the top of the inner surface of the vibrator body.
The assumption was made that if we increase
the rotor rotation speed, the impacts on the in-
side of the cylindrical body would not be heard,
because the runner would run around the entire
inner surface of the body. However, increasing
the rotational speed from 750 to 1000 rpm did
not change the process taking place, the force
of the internal shock only increased.

The purpose of the work is to improve the
mechanical vibration exciter to obtain its maxi-
mum power through the motion of the rotor, the
center of rotation of which is displaced from
the center of the body with an unbalanced mass
- a runner - on the inner surface of the body.

The object of the study is the process of
moving the rotor, mounted with an offset from
the center of the body, unbalanced mass - run-
ner, which excites the vibrating motion of the
vibration exciter body.

The subject of the study is the determination
of the vibration exciter power depending on the
offset of the rotor spinning axis by the eccen-
tricity e from the center of the body.

Research objectives:

— determination of vibration exciter design
parameters, at which there is no knocking at
different rotor speeds (v =750 and 1000 rpm);

—numerical determination of the value of the

rotor offset from the center of the exciter body
(eccentricity e), at which the runner will touch
the entire surface of the exciter body when ro-
tating;

— determination of the magnitude of the act-
ing centrifugal force on the runner rotated by
the rotor;

— determination of the maximum eccentric-
ity value e _, at which the runner will touch the
exciter body at all points (see Fig. 1).

The design and technological scheme of
maximum power vibration exciter according to
ILN. Petryagin [7] was made and verified in the
experiment. Diameter of vibration exciter body
D = 120 mm, diameter of the runner d = 72 mm,
eccentricity of displacement of the rotor from
the center of the body e = 15 mm. The claimed
power at 1000 rpm by LN. Petryagin [7] is N
= 0.299 kW. In the presence of knocking the
vibrating exciter was tested on a deep loosener
GV-1,8, the following qualitative indicators of
crumbling the structure of the cultivated soil
were obtained (see table).

Let's consider the position of the runner 3
relative to the axis of rotation C , displaced on

Ban-pomop(shaft-rotor)(2)

kopnyc Budpobosdydumens (1)
(vibration exciter housing)

=15 MM

/////

=

Beayw(runner)(3)

Puc. 1. KOHCTPYKTHUBHO-TEXHOJIOTHUECKAsl CXEMa
«OeryHKOBOTOY» THITa BUOPOBO30OYIUTEINS MAKCH-
MabHOH MorHOCTH (110 UL.H. Iletpsiruny [7])

Fig. 1. Structural and technological scheme of the
"runner" type vibration exciter of maximum power
(according to I.N. Petryagin [7])

3A.s. 1681979, MKY3B06 B 1/16 (USSR). Vibration exciter / ILN. Petryagin; No. 4386471/28. Application. 02.03.88; publ.

07.10.91. Bulletin Ne 37.

MexaHn3a1ys1, aBTOMATH3ALIHSL, MOZIETTMPOBAHNE
1 nHMOPMALHOHHOE 00ecreueHHe
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the value e of eccentricity (see Fig. 2), and de-
scribe the character of its movement, taking: S,
- center of mass of the runner 3; R - distance
|OK| from the center of body O, in which the
runner 3 rotates, to point K on the line |OK],
which is the contact point of the runner 3 with
the surface of body 1 (see Fig. 3). The distance
from the center of the runner to the axis of rota-
tion C =9 mm.

The outer diameter of the cylindrical runner d
=0.072 m (72 mm); r is the distance |C S| from
the center (aka center of mass) of the runner to
the center of rotation Cv of the leading link.

The offset of the center of rotation C from
the center of the inner circle of the body O is 15
mm (eccentricity € = 0.015 m (15 mm)).

When the runner is located at the lower point
of the exciter (the beginning of the deflection an-

gle ¢ = 0) the distance |C S | = 0.009 m (9 mm);
b _d = 0,009
o TR

The diameter of body 1 is 0.12 m (120 mm),
R =0.06 m (60 mm).

The leading link 2 begins to rotate the run-
ner 3 (see fig. 4) in a vertical plane inside the
case with the center O relative to the center of
rotation C_ with a constant rotation frequency

(see fig. 3) wv =750 rpm.

ATrpoTexHHUYECKHE MoKa3aTe 00pabOTKHU MOYBBI IPU Pa3InYHbIX pexxumax padors ['B-1,8 (o gan-

HBIM, TTony4eHHBIM M. A. Haraiika [9])

Agrotechnical indicators of tillage at different modes of operation of GV-1.8 (based on the data obtained

by M.A. Nagayka [9])

Mode of operation of GV-1,8 Agrotechnical indicator, %
Runner mass, Running speed, Osc111_at10n . . Stubble field
K km/h .amphtude Lumpiness Ridgeness preservation
£ (estimated), 10°m
Control* 9 - 26 21 52
4,55 9 1,06 21 20,5 56
4,55 3 1,06 14 18 68,5
9,1 9 4,53 8 11,5 81
9,1 3 4,53 3 8 92
* Without the use of vibration.
Yéenuyero 0
'H
(2}3&/’—.00}”0 (shaff-rofor] fincreased)
(1)kopnyc’ Budpobosdydumens
(vibration exciter housing)
e=15mm
— . s - X
™o~
K 2
I‘Isi T4 _ .
|
L] S ’ 9 MM
r=9 mm
K S
\_7 24 mm 18 MM
(3)Beayn(runner) @ 0S,|+d/2=R=42 e
Ha4an0 omcYyéma ) IS,K1= 36 IC,Spl=r=9 mm
(the beginning of the countdown b MM 10S,|= x =24 MM
|OK|=0/2=60 MM

Puc. 2. TeopeTr4eCcKoe MONOKEHHE paarycoB u3 Touek Bpamenus O u C s koncrpykuuu WL.H. Ilerps-

ruHa [7]

Fig. 2. The theoretical position of the radii from the points of rotation O and C, for the construction of

LN. Petryagin [7]
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Puc. 3. Teopernueckoe nonoxenne Touku K (Tou-
Ka KacaHusi OeTyHOM 3 BHYTpPEHHEH MOBEPXHOCTH
BHOPOBO30Yy/IUTEISI) B 3aBUCUMOCTHU OT TIOBOPOTA

BOKDYT LIeHTpa Bpalenus C Ha BEIMYUHY YIJIa @

Fig. 3. The theoretical position of point K (the
point where the runner 3 touches the inner surface
of the vibration exciter) depending on the rotation
around the center of rotation Cv by the value of
angle ¢

Theoretically, the runner 3 with the center
of mass at the point Sb should, when rotated
by the leading link 2, touch the surface 1 of the
body of the diameter D at the point K (see Fig.
2). Since there is a clearly audible impact, let us
consider the position of the runner based on the
physics of the process.

The point of contact K of the runner 3 and
the inner surface of the vibration exciter with
the center of the circle O is located on the line
OK, passing through the center Sb of the run-
ner 3. The distance from the center O to K is
IS,O| + 1/2d, where d = 0.072 - the larger diam-
eter of the runner. Let's take |OS, | as X.

Then at any point of contact of the runner
with the inner surface of the vibration excit-
er the value X is constant. At the lower point
X =e+r(p=0),where e is the eccentricity and
r is the distance from the center of the runner S
3 (see Fig. 4) to the center of rotation C , which
is (see above) 0.009 m (9 mm).

Puc. 4. I'paduueckoe pernieHre ypaBHEHHN JIIsS pa3-
HoU "acToThl Bpamienus Bana (750 u 1000 00. /mMuH)

Fig. 4. Graphical solution of the equations for
different shaft speeds (750 and 1000 rpm)

Let us express X through r. In the general case

X?=(e+r-cos @)+ rsin @. (1)
from here it follows that
X =(e+2r cosp + 1) cos@? +r2sing? =
= \e+2r cos(p) + 2. (2)

Now let's find r at each point of the runner's
position when rotating around the axis of rota-
tion C based on the formulas for the accelera-
tion and rotational motion of the body around
the axis (see Fig. 2).

a A¥
0

In our case, the rotating link 2 transmits to
runner 3 the centrifugal acceleration, a = ® X r..
Taking into account the free-fall acceleration
g = 9.8 m/s?, the general formula will look like

r..=r.t+Ar=r +
i+1 i i i

(0%, + q xcosQ)A¥
r...=r+ )

4

Since r depends on the angle of rotation o,
for calculations we will take the step (A@) equal
to 10 degrees. In this case we express the time
At through the rotational frequency

v="750 rpm = 12,5 cps; (%)

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe
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At =(10/360)/12,5 =1/450 ¢ '; (6)

A = (1/450)* = 1/202500 c. (7)

Let us also determine the angular velocity of

the driving link 2, it is also the angular veloc-

ity of the runner 3. It is constant and equal to

o = 2nv. v =750 r./min = 12,5 r./s. Hence ®

=2 x 3,1416 x 12,5 = 78,54 (rad/s) and o’ =

6168,5316 (rad/s)*. By substituting these values
into the formula

N (0%, + q xcos@,)

ri+l = i 2 9 (8)
we get the expression
(6168,53r, + 9,8 <cosp,)
i 2 - 202500 NG
2XKX10
where 0. =@ + — x|, 10
?,= @, 360 (10)

After that using numerical methods with
Microsoft Excel we calculate X. through previ-
ously obtained in the same way r.. Adding to the
value X, half of the runner diameter, we obtain
the radius-vector from O to the theoretical point
of contact K of the runner 3 with the inner sur-
face of the vibration exciter. The calculation is
shown in Fig. 3.

Thus, the graphical representation presented
in Fig. 3 graphical image gives a complete pic-
ture of the cause of excitation of sound vibra-
tions (shock): it is a detachment of the runner 3
from the body 1, its acceleration without con-
tact with the body 1 and contact at ¢ =290 deg.,
causing a shock (knock), the sound of which is
heard during operation of the vibration exciter.
We investigated two practical modes of opera-
tion at speeds of 750 and 1000 rpm.

The stars and circles in Fig. 4 represent the
points K and their position relative to the body
with an angle of ¢ = 0.1745 radians (10 degrees).

Circle 1 indicates the position of the body.
If the stars and circles are located inside the
body 1, the trajectory of movement indicates
the action of insufficient centrifugal force. On
the contrary, if the stars and circles are located
outside the body 1, the action of the centrifugal
force in practice leads to contact of the runner
with the body, which is the cause of impact of

the runner on the body and excitation of oscil-
lations. The graph of the process (see Fig. 3),
shown by the asterisks, indicates that the runner
3, moving at a speed of 750 rpm, breaks away
from the body at ¢ > 30 degrees and returns to
contact with the body at ¢ =290 degrees, so it
affects the body at 290 < ¢ < 30.

The process shown by the circles in Fig.
4 indicates that the runner 3, rotating at 1000
rpm, detaches from the body at ¢ > 40 degrees
and returns to contact with the body at ¢ >270
degrees and therefore interacts with the body
at 270 < ¢ < 40. The remaining surface of the
body is not in contact with the runner.

Let's define the total energy from the rotat-
ing runner as the sum of kinetic and potential
energies from different types of motion inside
the body of the vibration exciter. When the run-
ner moves in a circular motion, it is the kinetic
energy of the runner AK, and when the runner
is raised and lowered, it is the potential energy
AP. The total energy, the sum of the kinetic and
potential energies, will be defined as AE = AK +
AP. Provided the speed of rotation of the runner
is practically constant (AK = 0 if @ is const), we
define the magnitude of the change in potential
energy as AIl = vingAh = vg (2(%— % )

Thus, the maximum work produced by the
vibration exciter will be equal to A = AP = vg
(D - d) m, where v is the speed of revolutions
per second.

In the work of I.N. Petryagin [7] it is noted that
the maximum efficiency of the vibration exciter is
achieved when the ratio of the runner diameter d
to the internal diameter of the body §= 0,6.

Let's estimate the mass of the runner based
on the size and density

m= ndTZpI = % pnld>.

(11)

Let's take S - area of the runner, L - length
of the runner, p - density of the material used,
i.e. steel, 7800 kg/m?, g -9.80665 m-s-2. Let us
differentiate the expression and equate the de-
rivative to zero:
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ATl =vgprd L(D ~d) = & vgprL(d’D — d°) =
= k(d*D — d°); (12)
kx(2dD—3d?)=0wm kxd x (2D —3d)=0. (13)
Let’s consider 2D-3d = 0.
From here we get
d=2D. (14)

From this it follows that the maximum work
can be done when the ratio D and d is equal
tod= %D, which is very close to the ratio ob-
tained by [.N. Petryagin [7], but calculated in a
different way.

Fig. 5 shows the design of the vibration ex-
citer, taking into account the results of work on
obtaining its maximum power and operation
without knocking. An invention application has
been filed for the proposed variant.

There is a back side plate 10 with a hole 8 in
it displaced by the eccentricity value e, the rotor
shaft 3 rotates the runner 1 inside the body of the
vibration exciter. The bearing stop 19 provides
a free rotation of the cylindrical disc 3, from the

rotation of which, through the rotor shaft 3, the
rotation is transmitted to the runner 1, moved
inside the cylinder of the vibrating exciter body
[9, 10]. The views are given: a - from the inner
side to the plate 10, on which a slot 6 is made
with a cylindrical tube of the vibration exciter
body 1 placed in the slot, along the inner side
of which the runner 3 moves clockwise, pressed
by the centrifugal force in the tube window 15
to the vibration exciter body 1; b - rear view
of the plate 10, on which the drive spacer 17 is
made, placed on the studs fixed in the holes 9 of
the side plate 10; there is a through hole 14 for
pouring lubricant into the inside of the exciter
on the drive spacer 17; through the holes 9 the
hydraulic motor is fixed with studs.

The claimed vibration exciter is assembled.
Between the side back plate 10 and the back
plate 11 there is a cylindrical tube 15 forming
the vibrating exciter body, along the inner part
of which the runner 1.

The proposed calculation method, used in
the work, allowed to determine the value of ec-

a 7]
12 13 1 19 12 13 12 13 14 12 13
4 10
0]
10
15
9
9
17
9
12 13 OxmoBTpybe 15 12 13 12 13 18 9 12 13
(window in the pipe)

Puc. 5. YcTpolcTBO OOKOBBIX TUTUT U POTOPA, IIEpeMENIaloniero OeryH BHYTPH KOpITyca IpeaiaracMoro

BHOPOBO3OYIUTEIIS C MOIITHOCTHIO [ 8]

Fig. 5. Fig. 5. The device of the side plates and the rotor moving the runner inside the housing of the

proposed vibration exciter with power [8]

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe
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Puc. 6. Buerawmii Bua BHOPOBO3OYAUTENST MAaKCUMAITEHON MOIITHOCTH

Fig. 6. Maximum power vibration exciter appearance

centricity, at which the runner touches all points
of the inner surface of the exciter. Changing pa-
rameters (rotation frequency and diameter of
the runner), it was found that for the runner to
touch the whole surface of the exciter body, for
eccentricity e the following condition must be
fulfilled:

16,11 (mpr v — 500 =) < 24 <
<17,06 (mpu v — 1500 =), (15)

Patent values, at which the maximum power
of the claimed vibration exciter is achieved,
correspond to the conditions of the diameter
ratio as d = 23 D, where D - diameter of the cy-
lindrical body, d - diameter of the runner is 72
mm, the eccentricity value is 17.06 mm.

CONCLUSIONS

1. The mechanism of excitation of vibra-
tion oscillation has been studied, which showed
that the size of its body, runner and adopted
eccentricity have a significant influence on the
magnitude of the power of the vibration exciter.

2. On the example of calculations carried out

by the numerical method, the design and tech-
nological scheme of the inertial type vibration
exciter is substantiated and the results, at which
its maximum power
W =vg(D - d)m,

where v is the rotation frequency of revolutions
per second, are given.

A patentable solution on the necessary value
of eccentricity emax, at which the runner will

touch the exciter body at all points is obtained
(see Fig. 1).
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BO3JEJIBIBAHUE INIIEHUIBI B3ABUCUMOCTHA OT CIIOCOBA
IOCEBA U BHECEHUSA A30THBIX YIOEPEHUM

YekycoB M.C., <) Kem A.A., Muxaabios E.M., IImuar A.H., Jamanckuii P.B.

OMmcKull azpapHblil HAYYHbIN YeHmp
Owmck, Poccus
(<) e-mail: 55asc@bk.ru

[IpencraBneHs mpenMyIecTBa U HEMOCTATKH HanOoJIee pacpoOCTPAHEHHBIX THIIOB pabO4HX Op-
TaHoB CesUIOK. V3yueH COLIHMK, MO3BOJISIOIINI BHOCUTh MUHEpAIbHbIE YIOOPEHHS HIKE YPOBHS
IOCeBa CEeMsTH 3€PHOBBIX KYJIBTYP C COXPAaHEHWEM MTOYBEHHOH MPOCIONKN MeX Ty HUMU. J[ByXdak-
TOPHBIH MOJIEBOI OMBIT MPOBEACH B YETHIPEXKPATHOW MOBTOPHOCTH C MIOCTOSIHHOM HOPMOH! BBICEBa
CEeMSH SpOBOM MSATKOHM mmreHuIbl OMckas 36 4,5 mutH Bexokux cemsia/ra B 2021 . Hopma BHece-
HUSI MUHEpaJIbHBIX ynoOpeHuil ¢ cogepkanueM asota 34,4% cocrasisina 0 (kontpons), 100, 150,
200 xr/ra Ha Ka)XXIOM THIIE UCCIISMyeMBIX pabounx opraHoB. [IpuBeneHBI pe3ybTaThl CPaBHUTETh-
HBIX UCCIIEJOBAaHUI KauecTBa paOdOTHI TPEX THUIIOB COIIHHUKOB Ha 0aze cepuitHo# cestniku CKII-2,1.
B xone moseBoro omeiTa onpenessiiy NIyOnHy 3a/1eKH CEMSTH, TIOJIEBYIO BCXOKECTb, YPOKANHOCTh
1 KauecTBO 3€pHa IO BapuaHTaM. Jlydinne mokasarenu mocesa 1o TIyOMHE 3aJelIKU CEeMSH Spo-
BOH MIIIEHAIIHI 00eCTIeunIn KOMOMHUPOBAaHHBIE U ANCKOBBIE COITHUKN. Hanbospimas momesast BCxo-
xecth (72,7%) noiydeHa npu MoceBe KOMOMHUPOBAHHBIMU COLTHUKAMH C BHECEHHEM aMMHavYHON
cenmutpsl B HOpMe 150 Kr/ra, IMCKOBBIMH COITHUKAMU TPH ToM xe Hopme — 71,0%, ¢ cepuitHbIM J1a-
MTOBBIM COLTHUKOM — 55,1%. Hanbonpias ypoxkaitHocTs (3,18 T/ra) noxydeHa mpu moceBe Cesuikon
CKII-2,1K ¢ xoMOMHIpOBAaHHBIME COIITHUKAMHY TTPH BHeCEHUH 150 KT aMmMmuadHol cenutphl/ra. [lpn
TOH K€ HOpME BHECEHHsI yTOOpeHUH ypoKaifHOCTh MPU IMOCEBE AUCKOBBIMU COITHMKAMHU COCTABMIIA
3,16 1/ra. Comeprkanue ChIpOi KISHKOBHHBI HA KOHTPOJIBHOM BapHaHTe 3aperucTpupoBano 31,2%,
[IPU NTOCEeBE KOMOMHUPOBAHHBIM COIITHUKOM — 34,1%, Mpu moceBe TUCKOBBIM COILITHHKOM C BHECe-
HHEM aMMHadHOH cenuTpsl B (hnznueckom Bece 200 kr/ra — 33,4%.

KuaroueBble ciioBa: cesiika, COIIHUK, CIIOCOOBI MOCEBa 3€PHOBBIX, BHECEHUE YIOOpPEHUH, ypo-
Kail 3epHa, KaueCTBO 3epHA

WHEAT CULTIVATION DEPENDING ON THE METHOD OF SEEDING AND
NITROGEN FERTILIZER APPLICATION

Chekusov M.S., <) Kem A.A., Mixal czov E.M., Shmidt A.N., Damanskij R.V.
Omsk Agrarian Research Center

Omsk, Russia
(<) e-mail: 55asc@bk.ru

The advantages and disadvantages of the most common types of seed drills are presented. A
coulter has been studied that makes it possible to introduce mineral fertilizers below the level of
sowing cereal seeds with preservation of the soil layer between them. Two-factor field experiment
was conducted in four replications with a constant seeding rate of spring soft wheat Omskaya 36
4.5 million germinated seeds/ha in 2021. The rate of mineral fertilizers with a nitrogen content of
34.4% was 0 (control), 100, 150, 200 kg / ha on each type of the studied work tools. The results
of comparative studies of the quality of three types of coulters on the basis of a serial seeder SKP-
2,1 are presented. During the field experiment, the depth of seed embedding, field germination,
yield and grain quality were determined according to the variants. The best seeding depth of spring
wheat seeds was provided by combined and disc coulters. The highest field germination (72.7%)
was obtained when seeding with combined coulters with the introduction of ammonium nitrate at a
rate of 150 kg / ha, disc coulters at the same rate - 71.0%, with a standard tine coulter - 55.1%. The
highest yield (3.18 t/ha) was obtained when seeding with SKP-2,1K drill with combined coulters at
the application of 150 kg/ha of ammonium nitrate. At the same rate of fertilizer application, the yield
when seeding with disc coulters was 3.16 t/ha. The content of crude gluten in the control variant was
31.2%, when seeding with a combined coulter - 34.1%, when seeding with a disc coulter with the
introduction of ammonium nitrate in the physical weight of 200 kg/ha - 33.4%.

Keywords: seeder, coulter, grain seeding methods, fertilization, grain yield, grain quality
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INTRODUCTION

The main reason for the low efficiency of
crop cultivation in the Western Siberia is the
inconsistency of technological and biological
cycles in different climatic zones. For efficient
grain production it is recommended to actively
develop adaptive-landscape farming system
with a set of agro-technologies of different lev-
els of intensification based on accurate (digital)
management of natural resource potential [1].

On the basis of agrolandscape zoning, ra-
tional structure of the use of sown areas, and
intensification of production, grain production
growth is ensured [2, 3].

Machine technologies determine the level of
plant productivity, product quality and ultimate-
ly form the social and environmental aspects
of agricultural production. Technical means in
conjunction with their supporting systems con-
stitute the material and technical base of tech-
nology, the adaptation of which to the natural
and climatic conditions and resource capabili-
ties of the agricultural producer determines the
level of intensity. In this case, the necessary
condition is the stability of the agrolandscape
and the reproduction of soil fertility [4].

In crop production 76% of agricultural orga-
nizations and 78% of private farms produce ac-
cording to extensive technologies, which prac-
tically do not use the achievements of science,
advanced domestic and foreign experience, do
not involve means of intensification (mineral
fertilizers, etc.), use old-generation machines.
The size of the harvest depends mainly on the
prevailing weather conditions and the natural
fertility of soils.

Under intensive farming the system of fertil-
izers provides for the application of 60-85 kg
of active agent of mineral fertilizers per one
hectare of crop rotation area, including nitrogen
30 kg, phosphorus 30-45 kg, potassium 10 kg.
Based on soil diagnosis, phosphorus and potas-
sium fertilizers can be applied in reserve for
crop rotation or annually for individual crops.
Nitrogen fertilizers should be applied locally
before sowing [5, 6].

In most of the existing designs of coulter
groups, seeding of seeds and fertilizer applica-
tion is carried out jointly in one row (in one ho-
rizon of depth). In this case there is a change in
the direction of growth (chemotropism) of the
root system under the influence of chemicals
(fertilizers). The disadvantage of this method is
the low efficiency of using starter fertilizers, es-
pecially if the moisture content of the seed layer
of soil is low. Therefore, it is preferable to have
a layer of soil between the seeds and fertilizers
for active development of the root system of the
plant and use the full potential of the applied
mineral fertilizers. Also, when applying fertil-
izers to a certain depth, it is possible to regulate
the location of the root system of plants in the
space of the arable layer [7-9].

There are several types of coulter groups:
disc, tine, tyne. In turn, each of the coulter types
can work in combination with various addition-
al working tools, based on the selected seeding
technology [10-12].

The operation of disc coulters is only possi-
ble on soil that has been prepared in advance by
pre-cultivation. For work on chemical fallows,
where there is a large amount of crop residues
on the surface of the field, it is recommended
to use discs with different diameters or single
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Wheat cultivation depending on the method of seeding
and nitrogen fertilizer application

Chekusov M.S., Kem A.A., Mixal czov EIM.,
Shmidt A.N., Damanskij R.V.

disc coulters. The double disc coulter works
without the additionally installed slotted disc
at the front, not by cutting but by pressing the
straw mass into the soil. The seeds are not fully
incorporated into the soil, the crushing among
the straw mass reduces their field germination.
The use of disc coulters is not desirable in case
of high soil moisture. The disadvantages of disc
coulters include the inability to incorporate
seeds over 4 cm in hard parched soils.

The most universal are tine coulters that per-
form several technological operations in one
pass: cultivation, loosening, sowing and fertil-
izer application. If the seeding layer is dry, tine
coulters can sow at a greater depth (4-8 cm),
which allows to obtain seedlings even in the
most unfavorable conditions.

The tyne coulters are able to penetrate even
the densest soils and sow to almost any depth.
They have less impact on the soil compared to
the duckfoot tine, leaving narrow sowing strips.
The soil is loosened less, more stubble and
straw remain on its surface, and less moisture
evaporates [13, 14].

Germination and plant development depend
to a large extent on the method of sowing and
fertilizing. Joint seeding is undesirable because
contact of mineral fertilizers with the seeds af-
fects the germination of the seeds. Therefore, the
creation of working tools for a chisel planter with
separate application of seeds and mineral fertil-
izers is an important task. In order to improve
the efficiency of fertilizers and crop yields, we
developed a combined coulter for separate ap-
plication of seeds and fertilizers [15].

The purpose of the research is to carry out
a comparative study of cultivation methods of
spring soft wheat planters SKP-2,1K equipped
with coulters for multilevel sowing and SDS-
2,1 with disc coulters in comparison with the
serial SKP-2,1 (control). Also, the aim of the
research is to determine the effect of the seed-
ing method, placement of fertilizers relative to
the seeds and the rate of application of start-
ing doses of nitrogen fertilizers on the yield and
quality of grain.

Research objectives:

— to develop a scheme of field comparative
experiment for the performance of sowing cere-
als by intensive technology;

— conduct laboratory and field comparative
studies of chisel planter operation with com-
bined coulters, disc coulters and serial coulters
to assess the quality and yield of grain.

MATERIAL AND METHODS

Setting of field experiment was carried out
20.05.2021 by MTZ-82 tractor in the unit with
a basic chisel planter SKP-2, 1. In the course of
research three kinds of coulters mounted on the
frame of the basic planter SKP-2,1 were com-
pared: combined coulters for multilevel sowing
(SKP-2,1K) designed by the Omsk Agricultural
Research Center, disc coulters (SDS-2.1), seri-
ally produced tine coulters (SKP-2,1 - control).
At different methods and variants of fertilizer
application (ammonium nitrate) the rate was
100, 150 and 200 kg/ha. Spring wheat was the
forecrop at sowing. The main soil treatment in
autumn was not carried out. Ammonium nitrate
was used as a mineral fertilizer, which was in-
troduced simultaneously with sowing. In the
course of the field experiment the depth of seed
embedding, field germination, yield and quality
of grain by variants were determined. Experi-
ments were laid according to the generally ac-
cepted method of B.A. Dospekhov.

Methodology and conditions of the field
agro-technical experience are based on STO
AIST (Standards of the Association of Agri-
cultural Machinery and Technology Testers) 10
5.6-2003 Sowing machines. Program and test
methods, GOST 31345-2007 Tractor seeders.
Test methods.

RESULTS AND DISCUSSION

All sowing passes were performed at the
same seeding rate of spring wheat Omskaya
36 (4.5 million germinated seeds/ha). The en-
tire amount of work was carried out during one
work shift. The scheme shows variants of one
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repetition of the experiment (see Fig. 1). The
experiment was two-factor, the repetition was
four times. The forecrop was spring wheat. No
main tillage was done in autumn. Fertilizer was
applied simultaneously with sowing, the per-
centage of nutrients in the fertilizer was 34.4%.
Sowing was carried out with spring wheat
Omskaya 36. Qualitative indicators of seeds:
weight of 1000 grains - 33 g, field germina-
tion - 92%, moisture - 14%. Seeding rate for all
replications - 4.5 million germinated grains/ha.
Seeding depth - 6 cm.

The total number of accounting plots was 48,
the size of the experimental plot was 0.25 ha. In
the course of the field experiment the following
indicators were determined: field germination,
uniformity of the sowing depth and yield by
variants. Herbicide treatment of the crops was
carried out on June 20. Plots were harvested on
06.09.2021 by Wintersteiger plot harvester.

The seedlings obtained in the plots with each
type of coulter group are shown in Fig. 2.

Uniform seed placement at a given depth is
the most important indicator for both the eval-
uation of sowing and the work of the coulter
group. The sowing depth can vary widely de-
pending on the moisture of the sowing layer and

the weather conditions at the time of sowing. If
the spring is wet, it is recommended to sow to a
depth of 4-5 cm. In hot, dry and windy weather
during the sowing season, the sowing depth can
be as deep as 6-8 cm. It is not recommended to
sow cereal crops to a depth of less than 4 cm, as
the soil dries out quickly and the seed does not
have time to give seedlings.

Table 1 shows the calculated figures for the
depth of seeding (by the ethylated part of the
plants) of each of the studied coulter groups.

Comparative field tests showed that the co-
efficient of variation of the seed drill SKP-2,1
with standard tine coulters was 20%, seed drills
SKP-2,1K and SDS-2,1, equipped with a com-
bination and disc coulters, respectively, - 13%,
indicating a better stability of the stroke of these
coulters on the depth of seeding.

Field germination of plants for each type of
coulter groups was determined after the emer-
gence of complete shoots in the plots with an
area of 1 m?. Fig. 3 shows a graph of the de-
pendence of field germination on the type of
coulter used and the rate of nitrogen fertilizer
application.

The results show that field germination on
the control when sowing without fertilizer on

The width of the plot is 92,4 m
Registration plots
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Fig. 1. The scheme of setting up one repetition of the experiment
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Wheat cultivation depending on the method of seeding Chekusov M.S., Kem A.A., Mixal czov E.M.,
and nitrogen fertilizer application Shmidt A.N., Damanskij R.V.

Puc. 2. Obmuii BUI UCCIIEAYEMBIX COITHUKOBBIX TPYIII C pe3yIbTaTaMH BCXO/IOB:
a — nByxauckoBbie cottHuKH cesutku CHC-2,1; 6 — COMIHUKY 1Sl pa3HOYPOBHEBOT'O MIOCEBA U BHECEHUSI MUHEPAITb-
HbIX ynoopennit cesuiku CKI1-2,1K; 6 — cepuiinbie nanossie comnanku cesuikn CKI1-2,1 — koHTpOIB

Fig. 2. General view of the investigated coulter groups with the results of shoots:

a — double-disc coulters of the SDS-2.1 seeder; 6 — openers for multilevel seeding and application of mineral
fertilizers of the SKP-2.1K seeder; 6 — serial tine coulters of the SKP-2.1 seeder — control
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Ta6a. 1. PacuerHbie mokaszareiu CesIOK 10 TITyOHHE 3aJIeKH CeMSH
Table 1. Estimated indicators of seeders by seed placement depth

Indicator SKP-2,1 SKP-2,1K SDS-2,1
Average embedment depth, cm 5,58 5,89 5,60
Standard deviation, cm 1,13 0,92 0,91
Coefficient of variation, % 20 13 13

serial tine coulters was 52.7%, combined coult-
ers - 63.6%, disc coulters - 61.5%. The highest
field germination (72.7%) was obtained when
ammonium nitrate was added at a rate of 150
kg/ha in the variant with combined coulters. On
disc coulters at the same rate - 71.0%.

Fig. 4 shows a general view of the experi-
mental plot before harvesting and the process
of harvesting of the registration plots with a
Wintersteiger plot harvester.

Prior to harvesting, sheaves were harvest-
ed from each registration plot for subsequent
structural analysis. Table 2 shows the values of
the resulting grain yield of spring wheat during
harvesting with a Wintersteiger plot combine as
well as according to the results of threshing of
the harvested sheaves in the laboratory on the
plot threshing machine.

Fig. 5 shows a graph of the dependence of
grain yield of spring wheat Omskaya 36 on the
type of coulter and the rate of nitrogen fertilizer

65,5
63,6 -

N
s e=» = =

-
65,5
61,5
52,7 52,1
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application after threshing of the registration
plots by Wintersteiger plot harvester.

Analysis of the yield results shows that the
increase in grain depends on the method of fer-
tilizer application and their norm. The highest
yield (3.18 t/ha) was obtained when seeding
with a seeder SKP-2,1K with combined coult-
ers at the application of 150 kg of ammonium
nitrate /ha. When seeding with a disc coulter at
the same rate the yield was 3.16 t/ha. Compared
to the control at the same rate these values are
higher by 3%.

After harvesting, the grain material from
each of the variants was collected for grain
quality evaluation in the grain quality labora-
tory of the Omsk Agricultural Research Center.
Table 2 shows qualitative indices of soft spring
wheat grain - gluten.

The content of crude gluten when sowing
with SKP-2,1 (control) was 31,2%, when sow-
ing with SKP-2,1K planter equipped with com-

72,3
(PN PN —"
-
-
- 71
66,2
56,7
55,1

L]
........I..I......
e

150 200

SDS-2.1 N, kg/ha

Puc. 3. IloneBast BCXOXKECTh CEMSIH HpOBOﬁ MIICHUIIBI B 3aBUCUMOCTH OT THIIA COIITHUKA U HOPMbI BHECC-

HUS ynoopenuit, %

Fig. 3. Field germination of spring wheat seeds depending on the coulter type and the fertilizer

application rate, %

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku » 2022 52«1 95



Wheat cultivation depending on the method of seeding
and nitrogen fertilizer application

Chekusov M.S., Kem A.A., Mixal czov EIM.,
Shmidt A.N., Damanskij R.V.

Puc. 4. OOt BUI ONMBITHOTO YYaCcTKA U MPOLIECC YOOPKU YUCTHBIX JICIISTHOK
Fig. 4. General view of the experimental plot and the process of harvesting of the registration plots

t/ha
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2,4
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seseee SKP-2.1 - = SKP-21K SDS 2.1 N’kg/ha

Puc. 5. YpoxxaitHOCTb 3epHa NpH yOOpKe KOMOAWHOM B 3aBUCUMOCTH OT THIIA COIIHUKA U HOPMBI BHECE-

HUS yIoOpeHui, T/ra

Fig. 5. Grain yield depending on the coulter type and the fertilizer application rate, t/ha

Taoda. 2. KonnuecTBo KICHKOBUHBI IO KAXKIOMY U3 BApUAHTOB, %o
Table. 2. The amount of gluten for each of the options, %

Option

The amount of gluten

SKP-2,1 (control)

SKP -2,1 + 100 kg/ha of fertilizer
SKP -2,1 + 150 kg/ha of fertilizer
SKP -2,1 + 200 kg/ha of fertilizer
SKP -2,1K

SKP -2,1K + 100 kg/ha of fertilizer
SKP -2,1K + 150 kg/ha of fertilizer
SKP -2,1K + 200 kg/ha of fertilizer
SDS -2.1

SDS -2.1 + 100 kg/ha of fertilizer
SDS -2.1 + 150 kg/ha of fertilizer
SDS -2.1 + 200 kg/ha of fertilizer

31,2
30,1
34,6
37,0
31,2
31,0
36,1
38,0
32,0
30,0
35,1
36,5
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bined coulters for multilevel sowing and ap-
plication of nitrogen fertilizers - 34,1%, when
sowing with double disc coulters - 33,4% (see
Table 2). The maximum values of the content of
crude gluten were received for all the variants
of sowing with the application of ammonium
nitrate in the physical weight of 200 kg/ha and
were 37,0% (control), 38,0 (shallow tillage)
and 36,5% (seeding with disc working tools)
accordingly depending on the type of coulter
and method of application.

CONCLUSION

Comparative tests of different types of coult-
ers on the basis of a serial seeder SKP-2,1 ac-
cording to the developed scheme of the experi-
ment showed that the best performance for the
depth of seeding spring wheat seeds provide
combined and disc working tools.

The highest field germination (72.7%) was
obtained when sowing with combined coult-
ers at the rate of 150 kg ammonium nitrate/
ha, when sowing with disc coulters at the same
rate - 71.0%, standard tine coulter - 55.1%. The
highest yield (3.18 t/ha) was obtained when
seeding with a seeder SKP-2,1K with combined
coulters at 150 kg ammonium nitrate/ha. At the
same rate of fertilizer application the yield at
seeding with disc coulters was 3.16 t/ha. The
maximum content of raw gluten was obtained
for all variants of sowing (control, combined,
disc coulters) at the application of ammonium
nitrate in physical weight 200 kg/ha and was
37,0; 38,0; 36,5% depending on the type of
coulter and method of application.
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PACIIPOCTPAHEHUE Y BO3PACTHASI JUHAMUKA I'EJIbMUHTO30B KYP
B ABEPBAMI’KAHCKOM PECITYBJIUKE

() Baiipamos C.1O.

Azepbatiodicanckuil emepuHapHblil HAYYHO-UCCIE008AMENbCKULL UHCHUMYI
Azepbaiimxkan, baky

(<) e-mail: bayramovs@rambler.ru

WccnenoBanusi BBIMOJHEHBI B YACTHBIX MTHUIICBOAYSCKUX XO3SUCTBAX ISTH SKOHOMHYECKUX
paiionoB Azepbaiimkanckoi Pecryonmku: Amnmeponckom, lllekn-3akaransckom, JleHkopan-Acrta-
puHckoMm, ['yba-Xauma3ckoM U ApaHCKOM. YCTaHOBJICHO, YTO IeJIbMUHTOKOMILJICKC JIOMAITHUX KyP
TIPEJICTaBIICH TMapa3uTaMy, OTHOCSIIUMUCS K KitaccaM Nematoda, BKITIOYAIOIIAMU YETHIPE BUIA —
Ascaridia galli, Heterakis gallinarum, Syngamus trachea, Capillaria obsignata, n Cestoda, nipen-
CTaBJICHHBIA OAHUM BUAOM Raillietina tetragona. YCTaHOBIEHO HX ITOBCEMECTHOE pacHpoCTpaHe-
HUE, OJTHAKO ITPH OTHOPOJHOM TAKCOHOMUYECKOM COCTABE B dKOHOMUUECKUX palioHAX 3apaKEHHOCTh
Kyp BO30YIUTEISIMU OTJENIbHBIX TeTbMUHTO30B Bapbupyet. Ascaridia galli w Heterakis gallinarum
SIBJISTFOTCSL IOMUHUPYFOIIIUMU BUIaMU. VIHBa3MpOBaHHOCTH UMH Kyp MaKCUMalibHa (3KCTEHCUBHOCTh
nHBaszuu 36,8 u 35,5%) u He UMeeT CyIIeCTBEHHBIX TEPPUTOPHUATBHBIX Pa3UiIni. 3apaXeHHOCTh
nruisl Hemarogamu C. obsignata v NEeHTOYHBIMU YepBsIMU Raillietina tetragona xapaxkTepusyer-
cs1 Ooree HU3KUMHU TI0Ka3aTeNsIMA SKCTEHCUBHOCTH MHBA3UHM M X BBIPAKEHHON BapraOeIbHOCTHIO
B I'paHHIax paiioHOB. [lopakeHHOCTh Kyp KalMUIIPHO30M U palleTHHO30M BapbupyeT oT 7,1% B
Apanckom paiione 1o 28,8% B JlenkopaH-AcTapuHCKOM, OT 5,4 110 24,8% B AmnmieponckoM u ['y0a-
XaumasckoM paiioHax. B cpennem no pecnyOnuke ona cocrasisier 17,8 u 18,5% cooTBeTCTBEHHO.
Bo3spacTHbIe 0COOEHHOCTH 3apaXEHHOCTH Kyp TeIbMHUHTAMHA XapaKTEePU3YIOTCS OJHOTHITHBIM TaK-
COHOMMYECKHUM CIIEKTPOM I1apa3uTOB U MAKCUMAJIbHBIM 3apaKCHHEM BO30YIUTEIISIMU aCKapUIN03a,
reTEepOKK 1033, CUHIaM03a, Kaluulsipuo3a U paileThHo3a LBILIAT B Bo3pacTe 2,5-5,0 Mec ¢ skc-
TEHCHUBHOCTBIO MHBA3UU cOOTBETCTBeHHO 38,9; 40,8; 21,9;19,7 u 20,9%. [lopaxkeHHOCTH B3pOCIOit
IITUIIB YKa3aHHBIMHU HO30(popMaMu 3HauuTensHo Hixke — 32,0; 30,8; 15,3; 16,2 u 16,0%.

KuaioueBble c¢jioBa: TOMAalIHUE KYphl, TEIbBMUHTO3, 3aPAKEHHOCTh, YKOHOMUYECKUE PaiOHbBI
A3zepOaiimkana

DISTRIBUTION AND AGE DYNAMICS OF CHICKEN HELMINTH INFECTIONS
IN THE REPUBLIC OF AZERBAIJAN

(<) Bayramov S.Yu.

Azerbaijan Veterinary Scientific Research Institute
Azerbaijan, Baku

(<) e-mail: bayramovs@rambler.ru

Studies were conducted in private poultry farms in five economic regions of the Republic of
Azerbaijan: Apsheronsky, Sheki-Zakatalsky, Lenkoran-Astarasky, Guba-Khachmazsky and
Aransky. It was found that helminthocomplex of domestic chickens is represented by parasites
belonging to class Nematoda, including 4 species - Ascaridia galli, Heterakis gallinarum, Syngamus
trachea, Capillaria obsignata and Cestoda, represented by one species, Raillietina tetragona. Their
ubiquitous distribution has been established; however, with a homogeneous taxonomic composition
in economic areas, the infestation of chickens with pathogens of individual helminthic diseases
varies. Ascaridia galli and Heterakis gallinarum are the dominant species. Their invasion of hens
is maximum (36.8 and 35.5% prevalence) and does not have significant territorial differences. Bird
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baiipamos C.1O.

infestation with nematodes C.obsignata and tapeworms Raillietina tetragona is characterized by
lower prevalence rates and their pronounced variability within areas. The infestation of chickens
with capillariasis and ryetinosis varies from 7.1% in Aransky district to 28.8% in Lenkoran-Astarsky
district, from 5.4% to 24.8% in Apsheronsky and Guba-Khachmazsky districts. On average, it is
17.8 and 18.5% in the republic, respectively. Age peculiarities of chickens' helminth infestation
are characterized by the same taxonomic spectrum of parasites and maximum infection with the
causative agents of ascariasis, heterokidosis, syngamosis, capillariasis and ryetinosis in chickens
aged 2.5-5 months with prevalence of 38.9; 40.8; 21.9; 19.7 and 20.9%, respectively. The incidence
of these nosoforms in adult birds is much lower and amounts to 32.0; 30,8; 15,3; 16.2 and 16.0%.
Keywords: domestic chicken, helminthosis, infestation, economic regions of Azerbaijan

Jas matupoBanus: baiipamos C.JO. PactipocTpaHeHUE U BO3pACTHAs JTUHAMHKA T'€IBMUHTO30B Kyp B A3epOaiikaHCKOM
PecnyOnuke // CHOMPCKUIA BECTHHK CENTbCKOX03s1iicTBeHHOM Hayku. 2022. T. 52. Ne 1. C. 100-105. https://doi.org/10.26898/0370-
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INTRODUCTION

Agrarian reforms carried out in the Repub-
lic of Azerbaijan have led to the creation of
industrial and private poultry farms of various
directions, which play an important role in rais-
ing productive breeds of poultry, satisfying the
needs of the population for quality meat and
eggs.

There are various factors that hinder the in-
tensive development of poultry farming, pro-
duction of quality poultry meat and eggs, the
main of which are parasitic diseases. The caus-
ative agents of 4. galli, H. gallinarum, S. tra-
chea, C. obsignata and R. tetragona are para-
sites that intensively infect domestic chickens.
Infestation occurs in both mono- and associa-
tive forms [1-3]. One of the reasons for inten-
sive infestation of domestic chickens is the high
contamination of the environment with propa-
gative forms of helminths [4-6].

The degree of extensiveness and intensity of
parasite distribution depends on the age of birds,
as well as on environmental factors [7-10].

The aim of the study is to study the distribu-
tion of helminth infections in chickens and to
determine the age dynamics of helminth infes-
tation in poultry under the conditions of Azer-
baijan.

MATERIAL AND METHODS

Research work on helminth infestation of
chickens was conducted in 2017-2019 in five
economic regions of Azerbaijan: Apsheronsky,
Sheki-Zakatalsky, Lenkoran-Astarsky, Guba-
Khachmazsky and Aransky.

Fecal samples were examined by helmin-
thoscopy according to the Fiillerborn method,
as well as by the method of successive washes.
A total of 13,976 samples were examined. 6728
birds were examined by the incomplete hel-
minthological autopsy method (IHA) accord-
ing to K.I. Skryabin. Detected cestodes were
preserved in 70% alcohol, nematodes - in Bar-
bagallo liquid.

In order to identify age-specific infestation
of chickens, helminthological studies were con-
ducted in young chickens aged 2.5-5.0 and 5-7
months and in adults.

The following indicators were calculated
based on the results of the work: infestation rate
(IR) - the number of infested individuals in the
bird population, %, infestation intensity (II) -
variability of helminth numbers in the infested
birds, pcs.

The species identity of helminths was es-
tablished according to their morphological fea-
tures using an identifier [11].
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RESULTS AND DISCUSSION

In the poultry farms of Apsheronsky, She-
ki-Zakatalsky, = Lenkoran-Astarsky, = Guba-
Khachmazsky and Aransky economic regions,
helminths of two classes (nematodes and ces-
todes) form a helminthic complex in chickens,
with a clear dominance of nematodes. This ex-
tensive group of parasitic worms is the most
diverse and is represented by four suborders
and four species: Ascaridata (Ascaridia galli,
Schrank, 1788), Oxiurata (Heterakis gallina-
rum, Gmelin, 1790), Strongylata (Syngamus
trachea, Montagu, 1811) and Trichocephalata
(Capillaria obsignata, Madsen, 1945). Tape-
worms (class Cestoda, order Cyclophylidea,
Braun, 1900) include one species, Raillietina
tetragona, Molin, 1858.

Ascaridiosis, heterokidosis, syngamosis,
capillariasis, and ryetinosis are widespread ev-
erywhere, but within the borders of economic
regions the infestation of birds with individual
helminth species varies.

Two nematode species, A. galli and H. gal-
linarum, are dominant in Azerbaijan. Their
infestation of chickens Apsheronsky, She-
ki-Zakatalsky, = Lenkoran-Astarsky, = Guba-
Khachmazsky and Aransky districts is maxi-
mal and does not have significant interdistrict
differences. The number of infected birds with
ascariasis and heterokidosis varies from 32.6%
(AT 1-28) to 41.2% (AI 1-188) and from 27.2
(AI 1-18) to 39.1% (AI 1-30), respectively. On
average for the Republic of Azerbaijan, these
indicators are 36.8 and 35.5% respectively (see
Table). Average infestation by other helminths
species including S. trachea, C. obsignata and
R. tetragona was recorded at 18.9% (Al 1-28);
17.8 (Al 1-33) and 18.5% (AI 1-19), respec-
tively, two times lower than by pathogens of
ascariasis and heterokidosis.

The similar helminthological situation was in
Aransky and Guba-Khachmazsky districts, but
the poultry here had the lowest values of C. ob-
signata infestation extensiveness - 7.1% (CI 1-32
ind.) and 13.8% (CI 1-14 ind.) respectively.

The minimum indicators of the infestation
of domestic chickens with syngamosis, capil-

lariasis and rayetinosis were found in the Ap-
sheronsky district. The infestation rate of poul-
try by the helminth infections is 13.7% (Al
1-6), 15.0% (AI 1-7) and 5.4% (Al 1-5) respec-
tively, which is 2-4 times lower than in other
economic areas. This peculiarity is most typical
for geohelminths S. trachea, C. obsignata, de-
veloping with participation of reservoir hosts,
and biohelminths R. fetragona, having interme-
diate hosts in their development cycle.

Thus, helminth infestations of chickens in
the Republic of Azerbaijan are widespread.
The species composition of helminth complex
in economic areas is homogeneous and repre-
sented by four species of nematodes and one
species of cestodes with a clear dominance of
A. galli and H. gallinarum, having the highest
and closest values of IR. Variability of infesta-
tion of birds with some helminth species is due
to heterogeneity of climatic conditions, vertical
zonality and formation of characteristic ecosys-
tems that determine the distribution of biotopes
of intermediate and reservoir hosts and density
of their populations.

Significant interest is the understanding of
the age dynamics of chicken infestation, by
which we can judge both about the nature of
the epizootic process and the effects of anthro-
pogenic pressure. The results of the research
indicate the infestation of poultry of all sex and
age groups (see table). Maximum incidence of
all nosoforms was recorded in chickens aged
2.5-5.0 months. Their infestation with nema-
todes A. galli, H. gallinarum, S. trachea and C.
obsignata, and also with cestodes R. tetragona
was 38.9; 40.8; 21.9; 19.7 and 20.9%, respec-
tively. The helminth infestation of birds gradu-
ally decreases with age. The minimum values
of IR in adult birds are 32.0; 30.8; 15.3; 16.2
and 16.0%.

CONCLUSIONS

1. In poultry farms of Azerbaijan the hel-
minth complex of house chickens is repre-
sented by parasites of two classes: Nematoda,
including four suborders and four species of
parasitic multicellulars - Ascaridata (Ascaridia
galli), Oxiurata (Heterakis.gallinarum), Stron-
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gvlata (Syngamus trachea) and Trichocepha-
lata (Capillaria obsignata) - and Cestoda of
Cyclophylidea, Raillietina tetragona species.
The taxonomic composition of helminth com-
plex of domestic chickens in economic areas is
characterized by relative stability.

2. Helminth infections of chickens are wide-
spread in Azerbaijan, but the infestation of
poultry by individual helminth species varies.
Infestation of poultry with ascariasis and het-
erokidosis in economic areas is the highest and
has no significant differences, infestation of
other species is several times lower. The mini-
mum infestation of chickens with C. obsignata
is in Apsheronsky, Guba-Khachmazsky and
Aransky districts, the infestation of R. tetrago-
na in four economic districts of the republic is
15.0; 13.8; 7.1 and 5.4% respectively.

3. Age dynamics of chicken infestation is
characterized by maximum infestation of young
birds with helminths 4. galli, H. gallinarum, S.
trachea, C. obsignata and R. tetragona. Infesta-
tion of adults by these helminth infections de-
creases.
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OLIEHKA BUOLM/IHOIO JENCTBUS HAHOYACTHUI] METAJLJIOB
1 BUODJIEMEHTOB B OJJHOKJIETOUHOM 9YKAPUOTUUYECKOM
TECT-CUCTEME

(<) Kpacouxo I1.A., Kopoukun P.B., [lonacbkoB M.A.

Bumebckas opoena «3nax Ilouemay 2ocyoapcmeennasn akademus 6emepuHapHol MeouyuHvl
Butebck, Pecriybnuka benapych
(<D e-mail: krasochko@mail.ru

[IpencraBieHsl pe3yiIbTaThl UCCIEAOBaHUS OMOIMIHBIX CBOMCTB HAHOYACTHUI] cepedpa, Menu U
JIMOKCHUJIa KPeMHUs. PacCMOTpEHbI BOIIPOCKHI 0 0€30MIaCHOCTH UCIOIh30BaHNS HAHOKOMITOHCHTOB B
CBSI3M C HEU3YUYCHHBIM BO3JCHCTBUEM WX HA SKOJOTHUIO. J[JIs1 OIeHKH OMOIMTHOTO ICHCTBHS HAHO-
qacTHI] 671arOPOIHBIX METAJIOB U OMOZJIEMEHTOB HCIIOJIH30BaHA OHOKICTOUHAS DYKAPUOTHYISCKAs
TECT-CUCTEMA, MPEACTABIISIIONIAs COO0M PECHUTIATHIN MPOTHCTHBI MUKPOOPTaHU3M Paramecium
caudatum, oOWTAIOMNIA B IPYIOBBIX BOJI0OEMax. YCTaHOBIEHO, YTO PAaCTBOPHI HAHOYACTHI] Oiaro-
POIHBIX METAIJIOB M OMOAIIEMEHTOB HE SIBIISIIOTCS OMOMHEPTHBIME U OMOocTUMyupyronmmu. Koi-
JIOUJTHBIE PACTBOPHI HAHOYACTHI] cepedpa, MEIM U KPEMHHUSI TUOKCHIa UMEIOT OMOITUIHOE BO3/ICH-
CTBUE, IMPOSBIISIIOT CXOXKUH JI0303aBUCUMBIH 3(PQEKT MPU HATUYUU OJMHAKOBBIX KOHIICHTPAI[HI
HAHOYACTHUI[ B MCXOJHBIX KOJUIOMIHBIX pacTBopax (300 mxr/mi). KommouaHblii pactBop cepedpa
XapaKTepu3yeTcs: 0ojiee BRIPAKECHHOW TOKCHIECKOW aKTHBHOCTHIO B OMHOKJICTOYHOW MPOTHUCTHOM
OMOJIOTHYEeCKON MOJIEIH, TaK KaK IOJTHAS OWOIMIHOCTh B OTHOIIIEHUH ITapaMennii 00ecrieunBaeTCs
pa3BeleHUSIMH KOJUIOUTHOTO PAacTBOpa HAHOYACTHI 10 3HaueHus 1 : 6 ot ucxomgHoro. [lo cpaBHe-
HUIO C HUM y PacTBOPOB HAHOYACTHI[ MEAM M OKCHJA KpeMHUs Tokazarenb OuonmaHoctu 100%
JIOCTUTAETCS TOJIBKO B 3HAYEHUSAX JBYX- U TPEXKPATHOTO Pa3BEACHUSI UCXOAHOTO pacTBopa. Koi-
JIOWTHBIC PACTBOPHI HAHOYACTHI] B KOHIICHTPAITUSIX, HE BHI3BIBAIONINX IMOJTHON THOCIN HH(PY30pHil
(1 : 5 or uCXOmHOM NI HAHOYACTHI] MEIU U OKCHAA KPeMHHUS U 1 : 7 OT MCXOTHON TSI HAHOYACTHIT
cepeOpa), yTHETAIOT HHTEHCUBHOCTh MX PA3MHOXESHHS IPUOTU3UTEEHO HA OIMHAKOBYIO BEITUINHY
B 55—-61% (MHIEKC MHTEHCUBHOCTH pa3MHOKeHUs mapamenuid ot 0,455 10 0,390 cooTBETCTBEHHO).

KuroueBble c10Ba: HAHOYACTHIIBI cepeOpa, HAHOUACTHIIBI MEJIA, HAHOYACTHUIIBI KPEMHHUS JIUOK-
cujia, OMOIMIHOCTh, HH(Y30pus-Tydenbka, Paramecium caudatum

ESTIMATION OF BIOCIDAL EFFECT OF METAL AND BIOELEMENT
NANOPARTICLES IN A UNICELLULAR EUKARYOTIC TEST SYSTEM

(<) Krasochko P.A., Korochkin R.B., Ponaskov M.A.

Vitebsk Order of the Badge of Honor State Academy of Veterinary Medicine
Vitebsk, Republic of Belarus

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

The results of the study of biocidal properties of silver, copper and silicon dioxide nanoparticles are
presented. Questions about the safety of nanocomponents in connection with their unstudied impact
on the environment are considered. To evaluate the biocidal effect of noble metal nanoparticles and
bioelements, a unicellular eukaryotic test-system, represented by a ciliated protist microorganism
Paramecium caudatum inhabiting pond water bodies, was used. It was found that solutions of noble
metal nanoparticles and bioelements are not bioinert and biostimulating. Colloidal solutions of
silver, copper and silicon dioxide nanoparticles have a biocidal effect and show a similar dose-
dependent effect if the concentration of nanoparticles in the initial colloidal solutions is the same
(300 pg/ml). The colloidal silver solution is characterized by a more pronounced toxic activity in a
unicellular protist biological model, since full biocidal activity against paramecium is provided by
dilutions of the colloidal solution of nanoparticles to the value 1: 6 of the initial one. Compared to
it, solutions of copper nanoparticles and silicon oxide have a biocidal index of 100% achieved only
in values of two- or three-times dilution of the initial solution. Colloidal solutions of nanoparticles
in concentrations that do not cause complete mortality of the infusoria (1: 5 of the original for
copper and silicon oxide nanoparticles and 1: 7 of the original for silver nanoparticles) inhibit their
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OrneHka GMOLMIHOIO AEHCTBYS HAHOYACTHULL METAJLIOB
1 OMOYIIEMEHTOB B OIHOKJICTOUYHON 9YKapHOTHIECKOIl TeCT-CUCTEME

Kpacouxo I1.A., Kopoukun P.b., [Tonacskos M.A.

reproduction intensity by approximately the same value of 55-61% (paramecium reproduction

intensity index of 0.455 to 0.390 respectively).
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INTRODUCTION

Nanotechnology has greatly expanded the
use of materials based on nanocomponents,
which inevitably leads to their impact on the
environment. To date, the impact of nanopar-
ticles on biosphere objects remains unstudied,
since many substances can become biological-
ly active if used in the form of nanoparticles
[1, 2]. Studies of water-dwelling eukaryotes
have shown that nanocomponents can disturb
aquatic ecosystems [3].

Earlier studies evaluated the ecotoxic effects
of xenobionic substances on multicellular test
objects such as insects, fish and even rodents
[4]. Nevertheless, protist organisms should be
recognized as the most suitable test system for
the evaluation of ecotoxic effects. This is espe-
cially true for aquatic environments [5], since
protozoa are natural aquatic inhabitants. Pro-
tozoa have a high potential of bioadaptation to
toxicants, they do not require the creation of
special conditions of maintenance.

At present, only a limited number of scien-
tific publications are available on the evaluation
of the biocidal effect of nanoparticles in a sin-
gle-cell test model [6-8]. It should be acknowl-
edged that there is actually no unified method-
ology for the toxic evaluation of nanoparticles
on unicellular eukaryotes. Many authors often
use their own adaptations and variations of this
technique.

In our experiments, the free-living ciliate
infusoria Paramecium caudatum was used to

study the eco- and cytotoxic effects of colloi-
dal solutions of metal nanoparticles and bioele-
ments. This representative of ciliates belongs to
the number of highly organized protozoa and
is a widespread inhabitant of freshwater reser-
voirs. This free-living prostite is often used to
assess the toxicity of many natural and artifi-
cial compounds [9]. On the one hand, this mi-
croorganism has all the structural features of a
cell, has autonomous existence in the external
environment, and reacts to external stimuli as
an independent organism. On the other hand,
Paramecium caudatum infusoria is not de-
manding to the conditions of cultivation, so a
large amount of laboratory data can be obtained
using it [10].

Three types of nanoparticles were used
as test substances: silver, copper and silicon
dioxide. The first of them belongs to the cat-
egory of noble metals, the others to the class
of bioelements. This choice was determined
by their relatively wide use in veterinary and
medical practice. In addition, such a set of
nano-substances most widely reflects the dif-
ferent classes of tested nanocomponents: sil-
ver is a noble metal, copper is a biometal, sili-
con dioxide is a bioelement from among the
non-metals. The ecotoxicity of their nanoscale
forms has not been previously studied, al-
though their biocidal properties have been in-
vestigated [6, 11].

The purpose of the study is to evaluate the
biocidal properties of silver, copper and silicon

Hayunsle cBsi3u

CuOHMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku » 2022 « 52« 1 107



Estimation of biocidal effect of metal and bioelement nanoparticles in
a unicellular eukaryotic test system

Krasochko P.A., Korochkin R.B., Ponaskov M.A.

dioxide nanoparticles on the unicellular eukary-
otic test object Paramecium caudatum.

The objectives of the study are to carry out
a rapid assessment of the biological activity
of colloidal solutions of nanoparticles of met-
als and bioelements, determine the biologi-
cal impact of the tested colloidal solutions of
nanoparticles on the resistance of paramecium
to negative external influences, evaluate their
ecotoxicity by the intensity of suppression of
paramecium reproduction.

MATERIAL AND METHODS

The evaluation of the biocidal effect of col-
loidal solutions of silver, copper and silicon
dioxide nanoparticles on the free-living Para-
mecium caudatum infusoria was performed
according to the methodological recommenda-
tions'. Parameciums were cultured in Lozina-
Lozinsky medium (pH 6.2-7.8) and at 20-26 °C
(control medium). Rhadotorula gracilis yeast
with the addition of rice grains served as the
food for the test object.

In the experiments, the integrated effect of
various nanomaterials on a living protist cell
was evaluated; therefore, the studies included
three stages. At the first stage, an express-eval-
uation of the biological activity of colloidal
solutions of silver, copper, and silicon diox-
ide nanoparticles was performed. All colloids
had an initial concentration of nanoparticles of
about 300 pg/ml.

4.2 ml each of Paramecium caudatum infu-
soria culture in the stationary phase of growth
were poured into 54 test tubes. A well-known
bactericide (norfloxacin) and an adaptogen
(eleutherococcus) were used as controls. Equal
volumes of colloidal solutions of nanoparticles
were added to the first test tube, followed by
stirring and obtaining a twofold dilution of their
solution (1: 2). For mathematical recording and
subsequent statistical processing, a 1 x n-1 re-
cord was used, where n denotes the degree of

dilution, i.e., it represents the denominator in
absolute terms (e.g., 1 x 2-1 for a 1: 2 dilution).
By further adding the solvent (distilled wa-
ter), dilutions of 1: 3; 1: 4, 1: 5, 1: 6, and 1: 7
nanoparticles, or in our mathematical notation
from 1 x 3-1to 1 X 7-1, were obtained. The test
tubes were then placed for 24 h in a thermostat
at 22 °C. The contents from each tube in the
amount of 0.1 ml were transferred to micro-
aquariums for microscopic evaluation. During
microscopy, the number of paramecia was not
less than 100.

The state of protist microorganisms was
evaluated according to the following indica-
tors: PN - indifferent (infusoria exhibit a mark-
edly uniform Brownian motion, indistinguish-
able from that of the control); BA - bioactivity
(increased intensity of infusoria movement);
BC50 - biocidity (death of about half (50 + 5%)
of the infusoria population); BC100 - biocidity
(death of almost the entire (90 + 10%) popula-
tion of infusoria); and control samples should
contain not less than 100 infusoria performing
a uniform Brownian motion.

At the next stage, we determined the bio-
logical activity of the colloidal nanoparticle
solutions tested by the toxic load method after
exposure to superhypertensive (with tenfold
excess of isotonicity) sodium chloride solution
(8%). For this purpose, we used four test tubes
with 1 ml of control paramecium culture where
0.3 ml of 8% sodium chloride solution was
added, causing the death of all infusoria within
5 min. Paramecium death was recorded in mi-
croaquariums under a light microscope using a
minute timer in seconds. Then, we performed
a similar experiment with cultures of parame-
ciums of the first stage (after daily exposure of
nanoparticles). Several observations were per-
formed to obtain reliable experiment data.

The biological activity index (BAI) was cal-
culated according to the formula

'Shabunin S.V. Screening of biostimulants and biocides (adaptogens, bactericides and other drugs): guidelines. Moscow;
Voronezh: All-Russian Research Veterinary Institute of Pathology, Pharmacology and Therapy, 2006. 51 p.
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TO
TK ’

IBA= (1)
where BAI is the index of biological activity of
the studied substance; TO is the life expectancy
(in seconds) of parameciums under the action
of 0.3 ml of 8% sodium chloride solution after
their incubation for 24 h in Lozina-Lozinsky
medium with the studied concentration of the
nano-substance; TK is the life expectancy (in
seconds) of paramecia under the action of 0.3
ml of 8% sodium chloride solution after incu-
bation for 24 h in control medium (Lozina-Loz-
insky medium).

After calculating the BAI index, we evaluat-
ed it. When the BAI value was 1.000 = 0.1000,
we considered the nanosubstance to be bioinert.
A bioactivity index value higher than 1.000 +
0.1000 indicated a positive effect of the tested
substance on the resistance of paramecium to
hypertensive shock. A bioactivity index value
of less than 1.000 + 0.1000 indicated a negative
effect of the tested substance on the viability of
parameciums.

At the last stage of the study we evaluated
the biological activity of colloidal solutions of
silver, copper and silicon dioxide nanoparticles
by the intensity of paramecium reproduction
after the exposure to sublethal (slightly below
lethal) concentrations of nanoparticles. For this
purpose, we used a culture of parameciums in
the active growth phase after contact with the
colloidal solution of nanoparticles under study.
At the beginning of the experiment, the inocu-
lum density (the number of parameciums in 1
ml of medium) was established. For this pur-
pose, the number of infusoria cells in 1 ml of
culture was determined: 20 microliters of 5%
alcohol iodine solution was added to 1 ml of
paramecium. Then, the contents were stirred,
placed in a Fuchs-Rosenthal chamber, and the
number of parameciums in 10 squares was
counted, determining the average number of
cells in one square. The volume of one square
was one ten thousandth of a milliliter.

After incubating the test tubes in the thermo-

stat at 22 °C for 72 h, the density of the inocu-
lum was determined in each test tube.

The calculations were performed according
to the formula

_ DIEA x DICB

RRI=BICAXDIEB °

)

where RRI is the paramecium reproduction rate
index; DIEA is the density of the inoculum in
the experiment after 72 h of incubation; DICB
is the density of the inoculum in the control
before incubation; DICA is the density of the
inoculum in the control after 72 h of incuba-
tion; DIEB is the density of the inoculum in the
experiment before incubation.

After calculating the index of paramecium
reproduction rate, the cytotoxicity of the medi-
um was evaluated based on the following val-
ues: if the index of paramecium reproduction
rate was 1.000 = 0.100, the chemical nanosub-
stance was considered biologically inert. A par-
amecium breeding intensity index value higher
than 1.000 + 0.100 indicated a stimulating effect
of the nanosubstance on paramecium. When
the value of the paramecium reproduction rate
index less than 1.000 £+ 0.100 was obtained, the
inhibition of paramecium reproduction by the
chemical nanosubstance was concluded.

RESULTS AND DISCUSSION

In the course of studies to assess the toxic
effect of colloidal solutions of nanoparticles
of metals and bioelements, initially qualitative
results were obtained (see Table 1). They were
evaluated by the characteristics of the Brownian
motion of parameciums, and the toxic effect of
the preparation was expressed in the slowing of
protist movement, and the inhibition increased
with prolongation of the exposure, but the final
toxicity evaluation was performed after 24 h of
exposure to the tested substance.

The results show that all tested colloidal
solutions of nanoparticles have different bio-
cidal activity: all tested samples of nanopar-
ticles showed a high level of biocidal activity
at the minimum dilution (1: 2), determined by
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Taoa. 1. Jlo3zo3aBucuMoOE JIeiiCTBHE HAHOBE-
LIECTB Ha MapaMeLnH MPH IKCTIO3UINH 24 4
(TI0 KpUTEPHIO KKOHIIEHTPAIUS — dPPEKT)

Table 1. Dose-dependent effect of nano-
substances on parameciums at 24 h exposure
(«concentration-effect» criterion)

Taba. 2. BausHue HAHOBEIECTB HA PE3UCTEHT-
HOCTb NapaMennii (1o KPUTEPHIO «KOHIIEHTpa-
U] — COTIPOTUBIIIEMOCTh TOKCHUECKOM HATPY3Ke))

Table 2. Effect of nano-substances on the

resistance of parameciums (according to the
"concentration-resistance to toxic load" criterion)

Biocidity in dilutions 1 x n’!

The substance under

study n
2 3 4 5 6 7
Control — — — _ _ _
Eleutherococcus — — - — _ _
Norfloxacin + + + + + +

Silver nanoparticles + 1+ + |+ + | =+

Copper nanoparticles | + + + + — —

Silicon dioxide
nanoparticles + + + + + —

Note. Dash - no biocidal activity (NB): "+" -
biocidal to 50% (less than BC50); "+" - biocidal
to 100% (about BC100).

the state of activity of infusoria. The level of
biocidal activity of silver nanoparticles was
significantly higher compared to bioelements
(copper and silicon dioxide) nanoparticles. The
dilutions of silver nanoparticles solution 1: 2-1:
6 unambiguously demonstrated high biocidal
effect against infusoria, only in the last dilution
(1: 7) the biocidity fell below the BC50 value.

Solutions of copper nanoparticles caused
complete death of infusoria only in small dilu-
tions (1: 2-1: 3), with increasing dilution the
bioactivity decreased sharply. Silicon dioxide
nanoparticles had comparable biocidal activ-
ity, as paramecium mortality was observed in
similarly high concentrations of nanoparticles
(dilutions 1: 2-1: 3). The known biocide nor-
floxacin had comparable cytotoxicity. The so-
lutions of bioinert nanoparticles at the highest
dilution (1 % 7-1, or 1: 7) had no anti-protist
effect, while silver nanoparticles at the high-
est dilution still failed to achieve bioinertness
(mortality of infusoria at less than 50% of the
population was observed).

At the second stage, the biological activity
index of the tested nanoparticle samples was
determined by the toxic load method (after
adding a hypertonic sodium chloride solution,

Biological activity index
The substance in dilutions 1 x n”!
under study n
2 3 4 5 6 7
Control 1,000 1,000 | 1,000 1,000 | 1,000 | 1,000
Eleuthero- 1 490 11,560( 1,918 | 1,334| 1,016 | 1,002
coccus
Norfloxacin — - 10,69810,85410,957|1,000
Silver
nanoparticles — — — — - 10,499
Copper
nanoparticles — - 10,58910,655|0,789 (0,856
Silicon diox-
ide nanopar-
ticles - - 10,45510,57810,675|0,745

Note. Dash - biocidal effect.

which has a membrane-damaging effect), in
which the valeonegative (reducing the survival
and viability of bioorganized systems) effect
was evaluated. The results of these studies are
shown in Table 2.

The obtained data indicate that of all sub-
stances used in the experiments only eleuthero-
coccus has a valeopositive effect as it increases
the resistance of paramecium cells to the toxic
effects of superhypertensive medium (8% so-
dium chloride solution): the index of biologi-
cal activity of the preparation was higher than
1.000 (from 1.002 to 1.918), and the greatest
biostimulating effect on paramecia was demon-
strated in the dilution of 1 : 4. In the experi-
ment, the BAI index above unity indicates an
increase in the life span of paramecium cells
under the influence of the preparation and is
expressed in the values of more than 100% pro-
tective activity. This result is quite expected,
since eleutherococcus is a well-known adap-
togen. The concept of an adaptogen, first pro-
posed by Soviet scientists in the late 1950s,
states that an adaptogen is any substance that
affects a biological object, correcting any of its
dysfunction and causing no undesirable side
effects. The adaptogen-containing plant Eleu-
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therococcus senticosus, also called "Siberian
ginseng", contains a large number of chemical
substances that have a protective and/or inhibi-
tory effect against free radicals, and the list of
such substances contained in Eleutherococcus
is not fully defined [12].

The other tested components, including
the known biocidal agent norfloxacin together
with colloidal solutions of nanoparticles, had
a strong biodegrading effect (bioactivity index
value below 1.000). The BAI values indicate
that nanoparticles have a more pronounced neg-
ative effect on the resistance of parameciums,
since the coefficient of increase of endurance of
infusoria after their exposure was slightly lower
than that of norfloxacin (see Table 2). Objec-
tive comparison of the toxicity of the antibi-
otic (norfloxacin) and nanoparticles in this ex-
periment is not quite correct, since these drugs
are of completely different classes and have
different expression rates for their concentra-
tions. We were able to assess the effect of silver
nanoparticles on the endurance of paramecium
only in the maximum dilution of their solution
(1: 7), because its lower values had an anti-
protist effect. When comparing the BAI values
of nanoparticles, a higher cytotoxicity of noble
metal nanoparticles (index 0.499) compared to
bioelements (copper and silicon) nanoparticles
(0.856 and 0.745, respectively) was confirmed.

At the last stage of the integrated biotesting
of nano-substances, their evaluation was car-
ried out according to the index of paramecium
reproduction rate. For this purpose, its values
at addition of sublethal concentrations of tested
substances are calculated. For all of them, a di-
lution of 1: 5 was taken, since it exceeded the
lethal concentration (1: 3) by two points in all
cases (except for silver nanoparticles), except
for the adaptogen eleutherococcus which actu-
ally had no such concentration. The results of
determining the biological activity of the col-
loidal nanoparticles under study at the optimal
sublethal concentration by the intensity of para-
mecium reproduction are given in Table 3.

Eleutherococcus solution at a concentration
of 1: 5 increases the intensity of paramecium
division almost 1.6-fold (infusoria reproduc-
tion rate index 1.589), which is quite under-
standable from the expected adaptogenic effect
of this component (see Table 3). The studied
biocides (norfloxacin and colloidal solutions
of nanoparticles) in concentrations that did not
cause complete death of the infusoria inhibited
their reproduction intensity by approximately
the same amount - 55-61% (paramecium re-
production intensity index from 0.455 to 0.390,
respectively). All tested nanoparticles in sub-
lethal concentrations reduced the propagation
intensity of protists by at least a half. However,
an objective comparison in this case is possible
only for bioelements, because only they were
biotested in the same dilution (1: 5), while sil-
ver nanoparticles are initially more cytotoxic
and therefore were taken in the experiment in a
higher dilution (1: 7).

CONCLUSIONS

1. Biotesting of nanoparticles of metals and
bioelements is reliably and qualitatively carried
out on a free-living infusoria Paramecium cau-
datum, as it is an inexpensive convenient model
for evaluation of biocidal action.

2. None of the solutions of noble metal
nanoparticles and bioelements used in the ex-

Tao6a. 3. BausHue usyvyaeMbIX nIpenaparos B
cy0JeTalbHOM KOHIEHTPALUKN Ha pa3MHOKEHHE
UH)Y30pHit

Table 3. Effect of the studied preparations at
sublethal concentration on the reproduction of
infusoria

Optimal Infusoria rat
The substance under concentration of lif)oa atio‘il
study (dilution propag
- index
1 xn
Control - 1,000
Eleutherococcus 5 1,589
Norfloxacin 5 0,450
Silver nanoparticles 7 0,390
Copper nanoparticles 5 0,462
Silicon dioxide
nanoparticles 5 0,385
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periment can be recognized as bioinert or bios-
timulating in relation to the eukaryotic test ob-
ject Paramecium caudatum.

3. Colloidal solutions of silver, copper and

silicon dioxide nanoparticles have a biocidal ef-
fect, each of which exhibits a dose-dependent
effect, with the former characterized by a much
more pronounced toxic activity in a single-
celled protist biological model.
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