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AGRICULTURE AND CHEMICALIZATION
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VIK: 631.4:004.492 Type of article: original

IHorpanuynblie ciay4au Mojaeu COPOIIUM APOB BOAbI MOYBAMU
¢ pyHKIMeH MCTOYHNKA-CTOKA

X dénopos 10.U., ITapauauc B. 1.

Openbypeckuii 20cy0apcmeeHnblil azpapuviil yHusepcumem, Mucmumym ynpasieHus puckamu
U KOMIIIEKCHOU Oe30nacHocmu

Openodypr, Poccus

C<De-mail: yurf0023@mail.ru

st pa3paboTaHHON aBTOpaMu HEKJIACCHMYECKOM MaTeMaTH4ecKod MOAEIH Ipolecca copouuu
BOJISIHBIX MapOB MOBEPXHOCTHIO MOUBBI C HCTOYHUKOM-CTOKOM JIaH TEOPETUUECKHUI aHaJIN3 BIMSIHUA
HCTOYHHKA-CTOKA Ha AMHAMHKY COPOLIMOHHOTO Mpoliecca Ui OAHOTO YaCTHOTO (IOTPaHUYHOTO) CITy-
yast. B ommune ot monenu M. ['pusmepa, B KOTOPOH ypaBHEHHE COPOLIUKM OAHOPOHOE, B ITPEIOKEH-
HOM MOJeNy ypaBHEHHE COPOLIMH HEOTHOPOIHOE — MPUCYTCTBYET MOCTOSHHBINA HEHYJIEBOW CBOOO-
HBIH 4ICH, KOTOPBII paccMaTpUBAETCsl KaK apaMeTp BHELIHEr0 BO3AEHCTBUs HA cucteMy ((yHKLUs
HCTOYHHKA-CTOKA). [TapaMeTp mo3BosisieT ynpasisiTh COPOLMOHHBIM IPOLIECCOM, U3MEHSISI €r0 Xapak-
TEepUCTUKHU. PellieHne MoeIbHOrO ypaBHEHUS ONPEEsieT OCHOBHOE aHAIUTHYECKOE COOTHOLIEHHE
JUIsL aHalu3a AMHAMUKHA 00beMHOHN BIIa)KHOCTH MOYBHI Kak (yHKUUHM BpeMeHu. [loBenenue GyHKunu
00bEMHOH BIKHOCTH OTPENIENICTCs BIMSIHAEM BEIOPAHHOTO 3HAYCHUS TapaMeTpa, a TAKKe COOTHO-
IMECHUEM MEXKIOY MOCTOSHHOM HAYaJIbHOU U paBHOBeCHOﬁ BJIQX)XHOCTBIO, JIA KOTOPOT'O BO3MOXXHBI TPU
BapuaHTa. B pesynprare nccienoBaHusi IMHAMUKHA OOBEMHOM BJIaKHOCTH ITOYBEHHOW CHCTEMBI CO-
IJIaCHO pa3pabOTaHHOM MOJEH yCTAaHOBJIEHO, YTO B 3TOM ClIydae COPOLMOHHBIN Mpolecc OyaeT mpo-
TEKaTh B TPEX PEKNMaxX: MEPBBIA PEeKUM MOAETUPYEMOTO IPOIIECCa — 3TO OFPAHUYEHHBIN 110 BpEMEHH
KOHEUHBIH [TPOLIECC KPUTUYECKOTO UCCYILEHUS II0YBbL; BTOPOM PEXKUM — 3TO CTALlMOHAPHBIH IIpoLieCC,
Koraga 00BbEeMHas! BJIa)KHOCTD IIOUBEI C TEUCHHEM BPEMCHU HC MCHACTCA U OCTACTCA paBHOﬁ HavYaJabHOM
BJIAKHOCTH (TIPOIIECC ACHMITTOTHYECKH BBIPOXKAAETCS); B TPEThEM CIydae paccMarpuBaemast Coponm-
OHHAasi MOZIE/Ib OIIMCHIBAET HEOIPAHUUECHHBIN BO BPEMEHU aCUMIITOTHYECKHUI IpoLecc naieHus 00b-
€MHOH BJIa)KHOCTH [TOYBBI OT HAYaJIbHOTO 3HAUEHHsI JI0 IIPENIEJIbHOTO (HEHYIEBOT0) 3HAYCHHUSL.

KuiroueBble ci10Ba: MaremMaTuueckasi Mojesb, TMHAMUKA COPOLUHM TapoB BOJBI IIOYBAMH, UCTOU-
HUK-CTOK

Border-line cases of the water vapor sorption model of the soils with
source-drainage function

(<X)Fedorov Yu.l., Pavlidis V.D.
Orenburg State Agrarian University, Institute of Risk Management and Integrated Security

Orenburg, Russia
C<De-mail: yurf0023@mail.ru

A theoretical analysis of the influence of the source-drain on the dynamics of the sorption process
for one particular (border-line) case is given for the non-classical mathematical model of the process
of water vapor sorption by the soil surface with a source-drain developed by the authors. Unlike the
model of M. Griesmer, in which the sorption equation is homogeneous, in the proposed model the
sorption equation is heterogeneous — there is a constant non-zero free term, which is considered as
a parameter of external influence on the system (source-drain function). The parameter allows con-
trolling the sorption process by changing its characteristics. The solution of the model equation deter-
mines the basic analytical relationship for analyzing the dynamics of soil volumetric water content as a

3emiteiene u XUMHU3aIus CubupCKuii BECTHHUK CEITbCKOX035CTBEHHOM Hayku ® 2024 « 54 « 10 5



Border-line cases of the water vapor sorption model
of the soils with source-drainage function

Fedorov Yu.l., Pavlidis V.D.

function of time. The behavior of the volumetric water content function is determined by the influence
of the selected parameter value as well as by the relationship between constant initial and equilibrium
moisture, for which three variants are possible. As a result of studying the dynamics of soil system vol-
umetric moisture according to the developed model, it has been established that in this case the sorp-
tion process will proceed in three modes: the first mode of the modeled process is a time-limited, finite
process of critical soil drying; the second mode is a stationary process, when soil volumetric water
content does not change over time and remains equal to the initial moisture (the process asymptotical-
ly degenerates); in the third case, the considered sorption model describes a time-unlimited asymptotic
process of soil volumetric water content fall from the initial value to the limiting (non-zero) value.
Keywords: mathematical model, dynamics of water vapor sorption by soils, source-drainage
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INTRODUCTION

The problem of quantitative description of
the processes of absorption and evaporation of
gases and vapors by the soil surface is one of the
most important in modern agrosoil science and
agroecology. The need for research in this di-
rection is associated with the tasks of agrophys-
ical and ecological assessment of soil fertility,
preservation of its physical fertility. Physical
fertility of soils and productivity of agricultural
crops largely depend on the state of soil air. The
key component of soil air is water vapors. Op-
timal air and moisture content in soil promotes
the growth of plant crops and microorganisms,
the activity of two main ecological functions of
soil — photosynthesis and decomposition of or-
ganic matter'. In addition, modern science has
formed an idea of the role of soil in the global

regulation of the gas regime of the planet's at-
mosphere as the main ecological gas function,
in connection with which the importance of re-
search into the processes of sorption of gases
and vapors by the soil surface within the frame-
work of environmental safety of agricultural
production has increased**[1, 2].

Due to the important role of the processes
in the gas phase of the soil system for agrosoil
science and agroecology, many studies have
been devoted to the study of the problems in
this area. Bibliography on the studies of soil
gas sorption is given in the works* [2], on water
vapor adsorption by soils — in the works (see
footnote 3)>7 [3-8]. Some aspects of the dynam-
ics of gas and vapor sorption were considered
earlier in the paper [9].

The purpose of the research is to quanti-
fy the influence of the source-drainage factor

'Kudeyarov V.N., Khakimov F1, Deeva N.F. et al. Assessment of soil respiration in Russia // Eurasian Soil Science, 1995, N 1,

pp. 33-42.

*Zavarzin G.A. Interaction of geosphere and biosphere // Ecology and Soils, Pushchino, 1998, pp. 139-153.
3Kapinos V.A., Tonkikh A.P. Determination of the total isotherm of water vapor by soils // Eurasian Soil Science, 1986, N 10,

pp. 107-113.

‘Brunauer S., Emmet P.H., Teller E. Adsorption of gases in multimolekular layers // J. Amer. Chem. Soc., 1938, vol. 60, pp. 309—319.

SZuev V.S. To the method of measuring and calculating the parameters of the BET equation for water vapor sorption //Scientific
and Technical Bulletin on Agronomic Physics, 1986, N 69, pp. 54-58.

SPachepsky Ya.A. Mathematical models of processes in ameliorated soils. Moscow: Publishing house of the Moscow State

University, 1992, 85 p.

'Grismer M.E. Kinetics of water vapor adsorption on soils // Soil Sci., 1987, vol. 143, N 5, pp. 367-371. Available from: Mark

E Grismer Retrieved on: 23 June 2015. Printed in U.S.A.
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IMorpananynsle cydan MOJETN COPOLMU MapOB BOBI TIOYBAMI
¢ (yHKIMEH NCTOYHMKA-CTOKA

dénopos 0.1, [MTasauauc B.J1.

on the sorption process of water vapor by soil
within the context of the author's non-classical
mathematical model of water vapor sorption by
source-sink soils.

The main task is to study the influence of
the source- sink function in the sorption mod-
el on the dynamics of soil system volumetric
moisture for one particular (border-line) case of
the model under study, which is defined by the
mathematical relations specified in the paper.

MATERIAL AND METHODS

This paper studies the dynamics of water
vapor adsorption (desorption) by soil surface in
the author's mathematical model with source-
sink function. In the paper [9], we proposed a
non-classical mathematical model of the dy-
namics of water vapor adsorption by soils with
a source- sink function in the form of a problem
with initial conditions for an inhomogeneous
nonlinear differential equation with a stationary
free term f'as a source- sink function, which is a
parameter of the sorption process:

6’(t)=k[1—£]+f,9(0)=60, (1)
617
where 0°(f) — volumetric soil moisture at the
moment of time ¢, Gp — constant equilibrium
humidity (as a system factor determining the
constraints on the dynamics of volumetric hu-
midity), £ — model constant, adsorption rate pa-
rameter, 0 — constant initial moisture.

This model is a development, generalization
of the water vapor sorption model proposed
by Professor M. Grizmer of the University of
California (see footnote 7). In contrast to the
Grizmer model, in which the sorption equation
is homogeneous, in our proposed model the
sorption equation is inhomogeneous — there is
a constant non-zero free term f, which influenc-
es the sorption process and is considered as a
parameter of the modeled process (source- sink
function). The parameter f allows to control the
sorption process by changing its characteristics
(by changing the values of parameters 6, and f),
which, in our opinion, expands the possibilities
of modeling of sorption processes.

We have obtained an analytical solution of
the problem (1). Having represented equation
(1) in the standard form for the theory of differ-
ential equations, let us write the problem (1) in
the form

k
9’(t)—k9+e—92 = f,0(0)=0,,

p

)

Equation (2) is an inhomogeneous Riccati
equation with constant coefficients and a sta-
tionary free term. The Riccati equation in gen-
eral case is not reducible to quadrature. Howev-
er, the condition of constancy of the coefficients
and the parameter f of the equation (2) makes it
possible to reintegrate it in finite form. The clas-
sical equation of water vapor sorption is usual-
ly integrated by separation of the variables. We
propose the following efficient apparatus for in-
tegration of the equation (2).

After replacing the unknown function 6(¢) in
the equation (2)

!

0 z
0(t)=—+L—>
® k z

problem (2) is reduced to the Cauchy problem
for a linear homogeneous differential equation
of the second order with constant coefficients

3)

z"—kz’—fiz:(),
617

1= 8o
Z(O)—I,Z(O)—ke .

p

“4)

The general solution of the equation (4) is
found in accordance with the general theory of
such equations and is a linear combination of
solutions of the fundamental system z (¢) and
z,(0) :

2ty = Cz,(H) + Cz,(0), (5)

where C| and C, — arbitrary constants. The
choice of the fundamental system of solutions
is determined by the sign of the discriminant D
of the characteristic polynomial of the equation
(4), its roots A and A:

D:k%ﬂ:k2 1+ﬂ ,
0 o,

p

3emiieienue U XUMH3aIvs
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A =E[1— +£],
2 \/ k6,

A, :E(H 1+ﬁ}
20\ k8,

The solution of the Cauchy problem (4) is
found by the formula (5), in which C, and C,
are the numbers found using the initial values
(4) from the system of equations

Ciz(0)+C,z,(0) =1,

(6)

2y (7

Cz/(0)+C)z,(0)=k
Gp
In the work [9] we have shown that depend-
ing on the interval to which the values of the
model parameter f belong, which in turn is de-
termined by the sign of the discriminant D, the
found solution z(¢) will be represented by three
different formulas at D >0, D =0, D < 0. Here
we study in detail the behavior of the modeled
process at D = 0.
At D = 0, relations (6) for the discriminant,
roots of the characteristic polynomial and the
solution of the problem (4) will take the form

. k6 k
D =0,i.e., fz—T", 7»1=7»2=5

z(t) = exp(%tj + k(g—o —%]texp(gfj )

Substituting (9) into (3), we find the solution
0(¢) of the problem (1)

0
o 20 —i{zp—eojt
0(1) == :

0, _k[;_e"jt

. (®)

(10)

Formula (10) is the basic analytical relation
for analyzing the dynamics of the key character-
istic of the considered sorption process — volu-
metric soil moisture 6(z) at time ¢.

RESULTS AND DISCUSSION

In this paper we have evaluated the dynam-
ics of soil volumetric moisture 6(7) for a special
case of the mathematical model of water vapor
sorption by source- sink soils, when the value

of the parameter f'is determined by the relation
(8), i.e. at D=0. Using the found formula (10)
for the volumetric moisture content 0(¢) of the
soil system the dynamics was analyzed 0(z).
The behavior of 0(¢) is determined by the influ-
ence of the chosen value (8) of the parameter £,

. 0
and also the relation between 6 and 7”,

which has three possible variants:

0
0<90<7p, 0, =—=%,

Here are thee results of this analysis:

1). 0<6, <7p. Since the character of the
sorption curve (10) will be determined by the
relationship between 6 and —*, then it is con-
venient to introduce a coefficient, characteriz-

ing this ratio

(11)

0
As, 0<0,<=* then 0 < r < 1. Therefore, in
the case under consideration it will be

(12)

0
0,=r—-+,0<r<l1.
2

Let's substitute in formula (10) instead of 0
its expressions from (12) and bring it to the form

0,2r —k(l - r)t
=t (13)
2 2—k(1-r)t
Decomposing the fractional linear function

(13) into the sum of the integer part and the
proper fraction

ep 2-2r 1
o) ZT{k(l—r) (t=2/k(1-7)) HJ,

we conclude that the graph of the function 6(¢)
(13) is a hyperbola with horizontal and vertical
asymptotes

0(r)

,0<r<l.

0 4

Cy i.e. [t_TPMJ
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respectively. But it is possible to interpret func-
tion (13) as the volumetric soil moisture 0(¢) in
the considered sorption process only in the time
interval from the beginning of the process to the
moment when the function 6() turns to zero, i.e.
in the interval [0; th]

t = 4—60.
® k(6,-20,)

By the 7 time point, the soil of the agro-land-
scape is critically dried out.

The paper by M. Grizmer (see footnote 7)
describes the results of the kinetic experiments
on the study of various characteristics of water
vapor adsorption by fine-grained soils. Taking
the values of key parameters from Grizmer's
experiments on water vapor adsorption by Vol-
clay's bentonite, we give the form of the func-
tion 0(t) (13) of soil volumetric moisture in our
model and the adsorption curves at different :

6p= 0,2184, %" =0,1092, £ =1,02,

(14)

2r—1,02(1—r)t

0(7) =0,1092 ,
© 2-1,02(1—r)¢

0<r<l1.(15)

Function graph (15) at » = 0,78, i. e. at

0, =0,78—%, is shown in Fig. 1, with t,= 6,952
(min). The solid line shows a part of the graph
of the function (15) on the time interval [0; tkp],
which, in fact, is interpreted as a sorption curve

0

..............................................................

04
Puc. 1. I'papuk Gynxuun 6(7): 0, = 0,7897”, r=20,78

Fig. 1. Function graph 0(?): 6, = 0,7867”, r=20,78

describing the sorption process under consider-
ation. The function 6(¢) on the interval [0; t,] is
convex upward, monotonically decreasing from
6, to 8(z ) = 0. The parts of the graph in Fig.
1 depicted by the dashed line have no physical
meaning in the model under consideration. The
process turns into a time-limited, finite process
of critical drying of soil.

Sorption curves in the considered case
0 .
(0<0, <7P) at different », 0 < r < 1, are shown

in Fig. 2.

At values of 6, much less than 6/2, the du-
ration of the ’, time interval before critical soil
drying is extremely short, with t, = 0atf, —
0: a fast-flowing process of soil dehydration oc-
curs.

For example, at » = 0,2, i.e. at, 0, =0,27p,
Lo time= 0,49 (min), and at 0, :0’7897" Lo =
6,952 (min). When increasing constant initial
moisture content 0, from 6, = 0 6, =97” to (in
the case of 0<9, < %”) the value l, will increase

indefinitely, and t,— toat g _)e_ﬂ_()— the
2

process of soil dehydration process becomes

longer, protracted, but final. For example, at » =
0,995, i.e. at g 0,995z, £, = 390,196 (min).
2

Kp

I

Puc. 2. I'padux dpynxmu 0(f): 0< 0, < 97", 0<r<li
Fig. 2. Function graph 6(7): 0< 0, <e7”, ,0<r<l1
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Thus, the modeled process in the first case
0 . . . .
(0<0, <—~) —1s a time-limited, finite process of
critical soil desiccation. 0
In the second case 0, = 90=—p, le. 20 = Gp.
The process is becoming stationary because the
soil volumetric moisture does not change with
time and remains equal to the initial moisture
content 0 :
"0
O =6=—>"
degenerate since the adsorption line in this case

. The process is asymptotically

coincides with the horizgntal asymptote og the ad-
sorption curves at 6, 37” and 6, > 6, :T”.
In the third case Tp ,<0,<0.Asin éhe first

case, the relationship between 6, and —~

, we
will characterize by the coefficient r in the for-

mula (11), the range of which will change:
(16)

The formula of volumetric moisture con-
tent 0(¢) of the soil system (as in the first
case) we will assume in the form (13),
but taking into account the new range
1 <r<2:

0,=r—2,1<r<2,

e(t)ze_l’w,1<r<2' (17)
2 2—k(l—r)t

0(f)

0
Puc. 3. I'padbuk dysaxmmn 0(): —2L <0,< Op, r=1,8

0
Fig. 3. Function graph 0(?): —21”— <0,<0,r=18

The function 6(#) (17) is determined on the
time interval ¢ € [0; + o), convex downward,
monotonically decreases from the initial value

0,asymptotically tending to 2 at # — + o0.

The sorption model in this case describes a
time-unlimited asymptotic process of soil vol-

umetric moisture content 6(¢) falling fromethe

value 0 to the limit value (non-zero) value 2” .
The function 6(¢) (17) with the parameters
taken from the work oef M. Grizmer (see foot-

note 7) (6p= 0,2184, -2 =0,1092, k =1,02),
has the form of 2

2r—1,02(1—r)t

0(¢) = 0,1092 ,
() 1-L02(1- 1)

1<r<2. (18)

Fig. 3 shows the graph of the function (18)
at » = 1.8. The solid line represents one part of
this graph, which describes the sorption process
considered in the third case. The other part of
the graph, depicted by the dashed line, has no
physical meaning in the model under consider-
ation.

Several adsorption curves in the considered

6D =,
6@ =,
0@ =,
w0 -,
1
01(1)
,,,,,,,,,, - 10X
03(1)
04(1)
. 1
0 2 4 6

0
Puc. 4. I'paduk pynkimu 0(7): —2-"— <0,< Gp, 1<r<2

0
Fig. 4. Function graph 0(): —217— <0,< E)p, 1<r<2
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0 00

0()

0,=r % 2 6,

1<r <2
eo=% —
0 ll rn=1
0,=r —f
O<r <1
0 2 4 6 o 8!

Puc. 5. I'papux pynxuumu 6(2): 0 < 6 < Bp, 0<r<2
Fig. 5. Function graph 6(2): 0 < 6 < Gp, 0<r<2

0
case (2 <9, < Gp) at different » in fig. 4 show

the change in the dynamics of the volumet-

ric moisture content 0(¢) depending on the r,

1 <r < 2. The limiting curve at » = 2 bounds
from above the whole family of the curves (18).

The process as a whole over the entire range
0 <r <2 is characterized by the sorption lines
from different r ranges of  in fig. 5.

CONCLUSION

In the article for the author's mathematical
model of the process of sorption of water vapor
by the soil surface with a source-drain a detailed
mathematical analysis of the dynamics of the
sorption process in one of its special (special,
transitional) cases, which is determined by the
condition D = 0. In this case, the dynamics of
the volumetric moisture content 0(¢) of the soil

system is determined not only by the selected
model parameteers, but also by the relation be-

?_ which has three variants are

tween 0 and
possible. Therefore, this analysis establishes
that the sorption process of interaction between
water vapor and soil solid phase will proceed in
one of threee possible regimes. In the first case
(0<6,< 2‘”

) the modeled process is a time-lim-

ited, finite process of critical soil desiccation; in

) the process is station-

the second case (0, = 2”
ary, soil volumetric moisture does not change
with time and remains equal to initial moisture
(the process asymptotically degenerates); in the
third case (2

< 0,< 0) the sorption model
P

describes a time-unlimited asymptotic process

of soil volumetric moisture 0(¢) falling from the

initial value 6, to the limit value.

The results of the conducted studies expand
the knowledge about the considered processes
and can be applied for further studies of mois-
ture dynamics in the profile of ameliorated and
texture-differentiated soils.
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Ilinogoponue crenubix nouB Pecnydaukn Xakacust

D AaTaeB A.A., buaryes A.C., Yaanos A.K.

Bypamckuil hayuno-ucciedosamenscKull UHCIMUMYM celbCKO20 X03AUCMEd —
@unuan Cubupckozo ghedepanbHoeo HayyHO20 YyeHmpa azpooUOmexHoN0Ull
Poccuiickoii akaoemuu Hayk

Vnan-VYn», Poccus

(C<De-mail: burniish@inbox.ru

[IpoBeneHo moYBeHHO-Te000TaHHYECKOE 00CIIeIOBAaHNE OCHOBHBIX 3PO3HOHHO-OMACHBIX CEIHCKO-
XO3SMCTBEHHBIX JIAHAITA(TOB CTEITHOM 30HEI PecmyOnmmkun Xakacus myTeM 3akJIagKH MECTH PEIEPHBIX
YYacTKOB Ha TIOJIMTOHAX, BEIOPAHHBIX METOIOM AMCTAaHIIMOHHOTO 30HAMpoBaHus 3emin. Ha ocHOBa-
HUHU MOP(]OIOTHIECKOTO OMMCAHUS Pa3pe30B BBIJCICHBI CICAYIONINE BUABI TI0YB: OOBIKHOBEHHBIN H
FOXKHBIN YePHO3eM, TEMHO-KAIlITAHOBAasI U KalTaHoBas. [IpoeKTUBHOE MOKPBITHE YepHO3EMa OOBIKHO-
BEHHOTI'0 cOCTaBuIO0 58%, 105kHOr0 — 35—-66%, TeMHO-KaITaHOBOM 1o4BEI — 60%, kamranoBoii — 40%.
PacTtutenbHblii TOKPOB HA MaXOTHBIX MMOYBAX MPEJCTABIEH KYIBTYPHOW U COPHOU PACTUTENLHOCTHIO,
Ha TacTOMIIAaX — Pa3HOTPABHBIMHU aCCOIMALIMSIMH C MEJIKO- M KPYITHOJIEPHOBHHHBIMH PACTEHUSMH Ha-
CTOSIIIUX CTerel. | eHeTndecKrue TOPU30HTHI M3YYEHHBIX Pa3pe30B COOTBETCTBYIOT THITY 1mouB. [lmo-
JIOPO/IE TIOYB OYEHb HU3KOE, OOYCIIOBIEHHOE KaK (paKTOpaMH IMOYBOOOpPA30BaHUs, TaK U JUTPECCH-
OHHBIMH TIPOIIECCaMU MPHUPOJHOTO M aHTPOIIOTCHHOTO Xapakrepa. bim3koe 3aneraHue KapOOHATOB
oT noBepxHocTH (20-35 cM) TIpu MasoM KOJIMYECTBE OCAIKOB U MPeoOialaHiK BBHIIIOTHOTO BOJHOTO
peXrMa IpuBeo K rnofmenadnBanuio Bepxaero (020 cm) cnost mouBbl. Cpeiy MOMIOMIEHHBIX OCHO-
BaHWH TpeodIamaeT KAk, Ero cogepkanrie OTHOCHTEIIEHO KOHIICHTPAITHN MarHus B 2,5 u 5,5 pasza
BBIIIIE HA KAIITAHOBBIX W YEPHO3EMHBIX ITOYBAX COOTBETCTBEHHO. HamOonee miomopomHbie MOYBHL,
chopMupoBaHHble B HanOonee yBrnakHeHHoH Lupunckoii crenu, conepxar a0 3,3-3,4% opranuue-
CKOTO BellecTBa. B mousax Oosnee cyxux creneil B IoKHON YacTH peciyOarKy HaOII0AaeTCsl CHUKECHHE
coZiep KaHus OpraHu4YecKoro BemecTsa 110 2,1-2,9%. B cooTBeTcTBHY € coiepkaHueM OPraHUueCKOro
BEIIIECTBA U3MCHSJIACh M KOHIIEHTpaIUs o01ero asora B npeaenax 0,17-0,29 mr/kr. OTMeUYeHBI cpeji-
HSSI ¥ BBICOKAsI CTETICHN OMOTEHHOHN aKKyMYJISITUH TTOABIKHBIX (hopM docdopa u Kaaus B TaXOTHOM
cioe. Tak, KOppessaIus conepskanus MOABMKHBIX (pocdaroB u Kaaus ¢ o0muM a3otoM coctasmia 0,45
u 0,97 coorBercTBeHHO. CpeiHee coyiepkaHue MOIBIKHBIX (ocdaroB 3aQUKCHPOBAHO B YepHO3EMaxX
1 TEMHO-KamTaHoBoH mouBe (15,3—23,6 MI/Kr), HU3KOE — B KalITaHOBOH. OOCCIICUEHHOCTh KaJHeM
HU3MEHSJIACh OT OYEHb BbICOKOM B mouBax IlIupuHCKOW cTEnM A0 BHICOKOW M MOBBILIEHHON B FOXKHBIX
YepHO3eMax U KallTaHOBBIX rmouBax Koitbanbckoit n Yitbarckoil cremnei.

KuroueBble c1oBa: Xakacus, CEIbCKOXO3SIICTBCHHBIE TTOYBBI, ITOYBEHHAS MOP(OJIOTHS, arPOXUMUS

Fertility of steppe soils of the Republic of Khakassia

CDAltaev A.A., Biltuev A.S., Ulanov A.K.

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

Ulan-Ude, Russia

(C<De-mail: burniish@inbox.ru

Soil-geobotanical survey of the main erosion-prone agricultural landscapes of the steppe zone of
the Republic of Khakassia was carried out by laying six benchmark sites on the testing areas selected
by the Earth remote sensing method. Based on the morphological description of the sections, the fol-
lowing soil types were identified: ordinary and southern chernozem, dark chestnut and chestnut soils.
The projective coverage of ordinary black soil was 58%, southern black soil — 35-66%, dark chestnut
soil — 60%, chestnut soil —40%. Vegetation cover on the arable soils is represented by cultivated and
weedy vegetation, on the pastures — by herbaceous associations with fine- and sod forming plants of
true steppes. Genetic horizons of the studied sections correspond to the soil type. Soil fertility is very
low due to both soil formation factors and natural and anthropogenic digression processes. The close
occurrence of carbonates from the surface (20—35 cm) with low precipitation and predominance of
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exudational water regime resulted in alkalinization of the upper (0-20 cm) soil layer. Calcium pre-
dominates among the absorbed bases. Its content relative to magnesium concentration is 2.5 and 5.5
times higher on chestnut and chernozem soils, respectively. The most fertile soils formed in the most
moistened Shirinskaya steppe contain up to 3.3—-3.4% of organic matter. In the soils of drier steppes
in the southern part of the republic there is a decrease in organic matter content to 2.1-2.9%. The con-
centration of total nitrogen also varied in accordance with the organic matter content, ranging from
0.17-0.29 mg/kg. Medium and high degree of biogenic accumulation of mobile forms of phosphorus
and potassium in the arable layer was noted. Thus, the correlation of mobile phosphate and potassium
content with total nitrogen was 0.45 and 0.97, respectively. The average content of mobile phosphates
was recorded in chernozems and dark chestnut soil (15.3-23.6 mg/kg), low — in chestnut soil. Potas-
sium supply varied from very high in the soils of Shirinskaya steppe to high and elevated in southern
chernozems and chestnut soils of Koibalskaya and Uibatskaya steppes.
Keywords: Khakassia, agricultural soils, soil morphology, agrochemistry
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INTRODUCTION in Russia since the beginning of the twentieth
century has averaged 0.9...1.1 °C [2]. Thus, in

the southern regions of Western Siberia, includ-

The Republic of Khakassia, located in the
Altai-Sayan mountainous region, is part of the

Siberian Federal District and is part of the East 1ng the Republic of Khakassia, the main factors

Siberian economic region. As of January 1,
2021, the land fund of the Republic amounted
to 6156.9 thousand hectares, of which 30.4%
(1871.9 thousand hectares) was occupied by
agricultural land'. The trends of climate arid-
ization in the world cause a number of negative
processes that reduce the productivity of agri-
cultural land? [1], and the temperature increase

of land vulnerability are and are predicted to be
heat waves, droughts, dust storms, dry winds,
wind erosion (see footnote 2). Significant po-
tential erosion hazard of the agricultural part
of the region's territory is also indicated by the
results of scientific research of the Research
Institute of Agrarian Problems of Khakassia
[3-5].

'Report on the state and use of land in the Republic of Khakassia in 2020 / Federal Service of State Registration, Cadastre and
Cartography. URL: https://rosreestr.gov.ru/ (date of reference: 06.10.2024).

*National report “Global climate and soil cover of Russia: drought manifestations, measures of prevention, control, elimination
of consequences and adaptation measures (agriculture and forestry)” / ed. by R.S.-Kh. Edelgeriev, Moscow, 2021, vol. 3, 700 p.
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In general, in the typical composition of ar-
able and post-agricultural soils on the territory
of Khakassia chernozems of different subtypes
prevail: low-moisture ordinary chernozems are
mainly developed on hills and hills, southern
chernozems lie lower on the southern slopes,
medium-moisture ordinary chernozems, some-
times leached chernozems are located on the
northern slopes. In the valley there are slightly
saline and deeply slightly saline southern and or-
dinary chernozems. Chestnut soils are confined
mainly to plain relief elements, which corre-
spond to ancient river terraces [6]. According to
agro-ecological zoning of the territory of Kha-
kassia, four agrolandscape regions (dry-steppe
Priabakan-Uybatsky, steppe Sayan-Altaisky,
forest-steppe Sayan-Altaisky and sub-taiga Say-
an-Altaisky), seven agro-ecological groups and
11 types of land have been identified in the ero-
sion-prone agricultural part of the republic [4, 5].
The main steppe areas of Khakassia are confined
to the Minusinsk Basin - transformed low-bush-
grass common cattail, fescue-feather grass,
sedge-fescue with common cattail and koeleria
and fine-wormwood-fescue steppes’ [7].

The present-day soil cover of Khakassia is
very heterogeneous due to differences in the
geomorphology of the districts and their history.
The spatial distribution of soils shows latitudi-
nal zonality and vertical belt [6, 8]. According
to the degree of humus content, 41.6% (214.9
thousand hectares) of arable land are low- and
low-humus soils (containing less than 4% of hu-
mus), 36.6% — medium-humus soils and only
21.8% of'soils are characterized by a high degree
of humus content. On the whole in the republic
the soils contain 4.7% of humus, its reserves in
0-20 cm layer are 95-110 t/ha [8, 9].

The purpose of the study is to determine
the current level of fertility of the main ero-
sion-prone agricultural landscapes of the steppe
zone of the Republic of Khakassia.

The objectives are:

1) laying out soil transects and conduct mor-
phological description of typical soils of the
study sites;

2) conducting a geobotanical survey of the
studied agro-landscapes;

3) assessment of the fertility of the studied
soils according to soil-agrochemical indicators;

4) development of the proposals on preserva-
tion and restoration of dry pastures, as well as an
increase of their productivity.

MATERIAL AND METHODS

The Buryat Research Institute of Agriculture
within the framework of research on the subject
of “National Action Program to Combat De-
sertification” in the territory of the Republic of
Khakassia in 2022 and 2023 six reference plots
were laid out on polygons selected by the Earth
remote sensing (ERS) and subsequent route
soil-geobotanical survey (see fig. 1). The survey
plots were located in the main erosion-hazard-
ous landscapes of the steppe zone on the territo-
ry of three districts of the republic (see Table 1).
The survey area can be divided into two aerial
landscape regions with different soil-climatic
potential: Sayan-Altaisky (Shirinskaya steppe)
and Priabakan-Uybatsky dry-steppe (Koibalsky
and Uybatskaya steppes) [5].

According to geographical zoning, the study
sites are located in different geographical points
of the Nazarovsk-Minusinsk intermountain de-
pression: within the Chebakovo-Balakhtinskaya
Basin in the zone of location of the Shirinska-
ya lake-kettlehole steppe (polygons Borets and
Tselinnoye), in the Minusinsk Basin in the zone
of location of the Uybatskaya (Zarya, Vesen-
nee) and Koibalskaya steppes (Krasnopolye,
Berezovka).

Climatic characteristics of the agrolandscape
areas differ significantly. The Shirinskaya steppe
is moderately dry with an average annual pre-
cipitation of 320-380 mm and HTC = 0.8-0.12
(according to Selyaninov). Dry Uybatskaya and

3Gadzhiev .M., Korolyuk A.Yu., Titlyanova A.A., Andrievsky V.S., Grishina L.G., Kosykh N.P, Kyrgyz Ch.O., Romanova LP,
Sambuu A.D., Smelyansky LE. Steppes of Central Asia. Novosibirsk, 2002, 299 p.
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Table 1. Soil-landscape characteristics of the territory of benchmark site location

Type of

Polygon Soil d . District Terrain
egradation
. . .. Shirinskaya lake-kettlehole steppe.
Borets Ordinary chernozem | Water erosion Shirinsky Steppe foothill terrain
Tselinnoye Dark chestnut » » The same
Berezovka Southern chernozem Water erosion, Altaisky K01bals.kayz.1 steppe. Steppe South
deflation Siberian plain terrain
Krasnopolye » The same » The same
Vesennee Dark chestnut » Ust-Abakansky beatskayq steppe. Steppe South
Siberian plain terrain
Zarya Southern chernozem » » The same
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Koibalskaya steppes are characterized by more
aridity: the sum of precipitation is 250-300 mm,
HTC = 0.80 (according to Selyaninov)*.

Mixed soil samples were taken from the 0-20
cm layer. The soils were described according to
the classification 1977°. Chemical analysis of
the soils was carried out in the accredited testing
laboratory of the State station of agrochemical
service “Khakasskaya’ according to the standard
methods accepted in the agrochemical service®.

RESULTS AND DISCUSSION

In soil-geographical respect’ the area of dis-
tribution of lakeside landscapes belongs to the
Minusinsk province of ordinary and south-
ern chernozems and the Tuva province of dark
chestnut and chestnut soils. The general charac-
ter and direction of soil formation process here
are determined by peculiarities of bioclimatic
conditions. Severity of ecological conditions
connected with long freezing of soils, short veg-
etation period, dry spring, uneven precipitation
and sharp fluctuations of daily and annual tem-
peratures, causes essential regional differences
of steppe soil formation in Khakassia from the
processes occurring in the steppe zone of the
European territory of Russia. Organic matter
is supplied to the soils mainly by underground
plant organs concentrated in the upper, most
moistened and warmed thickness of the soil pro-
file. Low productivity of phytocenoses and poor
movement of soil formation products cause gen-
eral low thickness and low humus of zonal soils
(see fig. 2).

The formation of soil cover of the steppe
zone of Khakassia is also accompanied by a sig-
nificant manifestation of exogenous processes.
Deflation, especially activated in dry years and
in spring-early summer period, delays soil de-
velopment at one stage. In this connection, the
soils are often characterized by shortened pro-
file thickness and underdevelopment®. Fertility
of the degraded soils was studied on polygons
in different soil-geographical areas of the Re-
public: within the Chebakovo-Balakhtinskaya
(polygons Borets, Tselinnoe) and Minusinsk ba-
sins (Zarya, Vesennee, Krasnopolye, Berezovka)
of the Nazarovsk-Minusinskaya intermountain
depression’.

Morphological description of typical soils
of the study sites

The Borets polygon is located on the steppe
plain area at the foot of the slope. The relief is
plain and hilly. To characterize the morphologi-
cal features of the soil, a transect 9.7 km north-
east of the village of Borets was laid on arable
land. The projective coverage of the field after
harvesting oats is 58%. Cultural and weedy
vegetation is found on the plot: Avena sativa
(33,0%), Setaria glauca (2,0), Erodium cicutar-
ium (1,7), Vicia cracca (1,0), Milium effusum
L. (1,0), Sonchus arvensis (0,9), Vicia segetalis
(0,9), Elytrigia repens (0,7), Fallopia convolvu-
lus L. (0,5), Lactuca tata-rica L. (0,3%).

The soil profile is represented by the follow-
ing horizons:

1. Ap (plow horizon), 0-19 cm — dark gray
in color, moist, loose, the structure of soil ag-

“Subregional National Action Program to Combat Desertification for the South of Middle Siberia of the Russian Federation
(Republic of Khakassia, Republic of Tuva, southern districts of the Krasnoyarsk Territory) / ed. by V.K. Savostyanov, Abakan, 2000,
260 p. *Classification and diagnostics of the soils of the USSR. Moscow: Kolos, 1977, 224 p.

°GOST 26423-85. Soils. Methods of determination of specific electrical conductivity, pH and dense residue of water extract.

Moscow: Standardinform, 2011; GOST 26205-91. Soils. Determination of mobile compounds of phosphorus and potassium by
the method of Machigin in modification of CINAO. Moscow: Publishing House of Standards, 1992; GOST 26213-2021. Soils.
Methods of determination of organic matter. Moscow, 2021; GOST 26487-85. Soils. Determination of exchangeable calcium and
exchangeable (mobile) magnesium by CINAO methods. Moscow, 1986.

"Dobrovolsky G.V., Urusevskaya 1.S. Geography of soils: textbook for students of higher educational institutions. Moscow,
2006, 458 p.

8Shamshayeva V.F. Soils of lakeside landscapes of the steppe zone of Khakassia: extended abstract of candidate’s thesis in
biology, Tomsk, 2003, 20 p.

°Kutkina N.V., Eremina I.G. Agrolandscape land zoning in Khakassia // Soil resources and their rational use: materials of the
All-Russian scientific-practical conference dedicated to the 100th anniversary of the birth of Dr. of Science in Agriculture, Prof. P.S.
Bugakov (Krasnoyarsk, 22 April, 2022). Krasnoyarsk, 2022, pp. 36-41.
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Fig. 2. Soil sections

gregates is crumbly, there are inclusions of plant
roots, no new formations, the transition to the
underlying horizon is sharp in color, efferves-
cence with HCI is vigorous, the granulometric
composition is medium loamy (physical clay
content is 38.7%)).

2. B, 19-55 cm — light brown in color, moist,
structureless, dense, no inclusions or new forma-
tions, the transition to the underlying horizon is
tongued (irregular), the reaction with HCl is vig-
orous, the granulometric composition is medium
loamy.

3. BC, 55-82 cm — brown in color, fresh
(moist), structureless, dense, there are inclusions
of small gravel, the reaction with HCl is vig-
orous, the granulometric composition is sandy
loam.

Soil type — ordinary carbonate medium-loamy
weakly eroded chernozem on deluvial deposits'®.

The Tselinnoe polygon is located on a plain-
hilly area with elevation differences of 130—140
meters. The soil profile was established in the

Zarya Krasnopolye Berezovka

S H L

Southern
chernozem

Southern
chernozem

Southern
chernozem

middle part of a gentle slope on arable land, 7.9
km northeast of the village of Zhemchuzhny. The
projective cover of the field under wheat is 60%.
The vegetation cover consists of the following
species: Triticum aestivum (31,0%), Avena sati-
va (2,0), Milium effusum L. (2,0), Taraxacum of-
ficinale (1,0), Setaria glauca (1,0), Sonchus ar-
vensis (0,9), Erodium cicutarium (0,9), Fallopia
convolvulus L. (0,9), Hordeum vulgare (0,3%).

The soil profile is represented by the follow-
ing horizons:

LA horizon, 0—19 cm — dark gray in color,
fresh (moist), the structure is crumbly to fine
crumbly, the density is loose, there are inclu-
sions of plant roots, no new formations, the tran-
sition to the underlying horizon is sharp in terms
of density, the reaction to 10% HCI is vigorous,
the granulometric composition is heavy loamy
(physical clay content is 42.2%).

2. AB horizon, 19-26 cm — dark brown in col-
or, fresh (moist), the structure of soil aggregates
is crumbly to dusty, the density is compact, there
are inclusions of plant roots, new formations of

0Classification and diagnostics of the soils of Western Siberia (instruct. materials for soil mapping). Novosibirsk, 1979, 48 p.
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siliceous-gypsum concretions, the transition to
the underlying horizon is distinct, the reaction to
10% HCl is vigorous, the granulometric compo-
sition is heavy loamy.

3. B horizon, 2679 cm — light brown in col-
or, fresh (moist), the structure of soil aggregates
is dusty, the density is loose, no inclusions, new
formations are white soft spots (calcareous con-
cretions, 1.0—1.5 cm in diameter), the reaction to
10% HCl is vigorous, the granulometric compo-
sition is medium loamy.

The soil is dark chestnut carbonate medi-
um-loamy deflated (wind-eroded) on deluvi-
al-eluvial deposits.

The Berezovka polygon 1is located 6.7 km
southwest of the village of Berezovka, on the
upper part of a gentle slope in a buckwheat field.
The relief is hilly with elevation differences of
160—-170 meters. The projective cover is 60%.
The vegetation is represented by the following
species: Polygonum fagopyrum (20,0%), Son-
chus arvensis (4,0), Erodium cicutarium (3,0),
Convolvulus arvensis (3,0), Milium effusum L.
(1,0), Lactuca tatarica L. (1,0), Atriplex patula
L. (1,0), Alopecurus myosuroides (1,0), Tarax-
acum officinale (1,0), Camelina sativa (1,0),
Agrostis stolonifera (1,0), Galium aparine (1,0),
Eriophorum vaginatum (1,0), Vicia segetalis
(1,0%).

The soil profile is represented by the follow-
ing horizons:

LA horizon, 0-17 cm — dark gray in color,
fresh (moist), dense, the structure is fine crum-
bly, there are inclusions of plant roots, no new
formations, the transition to the underlying hori-
zon is sharp in terms of color and density, ef-
fervescence (with HCI) is vigorous, the granulo-
metric composition is light loamy (physical clay
content is 24.6%).

2. AB horizon, 17-45 cm — light brown in
color, fresh (moist), structureless, dense, there
are inclusions of roots, no new formations, the
transition to the underlying horizon is gradual,
the reaction to 10% HCI is vigorous, the granu-
lometric composition is light loamy.

3. B horizon, 45-70 cm — pale yellow in col-
or, fresh (moist), loose, the structure is dusty, no

inclusions or new formations, there is no reac-
tion to 10% HCI, the granulometric composition
is sandy loam.

The soil is carbonate medium-loamy mod-
erately eroded southern chernozem on alluvial
deposits.

The Krasnopolye polygon is located 7.8 km
northwest of the village of Krasnopolye, on a
north-facing slope. The terrain is hilly with an
elevation difference of 115-120 meters. The
land use is pasture. The vegetation is represent-
ed by an elm-forb association: Ulmus pumila
L. (9,0%), Artemisia vulgaris (2,0), Artemisia
frigida (2,0) Carex acuta (2,0), Teloxys aristata
(1,0), Sonchus arvensis (1,0), Barbarea vulgaris
Ait. f. (1,0), Galium aparine (1,0), Thlaspi ar-
vense Linn. (1,0), Convolvulus arvensis (1,0),
Vicia cracca (1,0), Camelina sativa (1,0), Ta-
raxacum officinale (1,0), Phleum pratense (1,0),
Salsola tragus (1,0%). The projective cover is
35%.

The typical soil profile is represented by the
following horizons:

1. A horizon, 0-23 cm — dark brown in col-
or, dry, loose, the structure is crumbly to dusty,
there are inclusions of plant roots, no new for-
mations, the transition to the underlying horizon
is sharp in terms of color and density, efferves-
cence occurs at the surface, the granulometric
composition is light loamy (physical clay con-
tent is 29.2%).

2. AB horizon, 23-34 c¢cm — dark brown in
color, fresh (moist), crumbly structure, the den-
sity 1s compact, there are inclusions of roots, the
transition to the underlying horizon is distinct in
terms of color, the reaction to 10% HCI is vig-
orous, the granulometric composition is light
loamy.

3. BB horizon, 34-77 cm — pale yellow (buff)
in color, fresh (moist), dense, the structure is
powdery, there are inclusions of roots (mainly
dwarf elm), no new formations, the reaction to
10% HCl 1s vigorous, the granulometric compo-
sition is sandy loam.

The soil is carbonate medium-loamy moder-
ately eroded southern chernozem on deluvial-al-
luvial deposits.
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The Vesennee polygon is located on a gentle
slope, 9.4 km southeast of the village of Vesen-
noye. The terrain is plain-hilly with small ele-
vation differences of up to 10 meters. The vege-
tation cover consists of small and large tussock
plants of true steppes and forbs: Stipa lessingii-
ana (14,0%), Aster amellus (5,0), Artemisia vul-
garis (4,0), Artemi-sia frigida (3,0), Taraxacum
officinale (3,0), Telo-xys aristata (2,0), Agro-
pyvron pectinatum (2,0), Elymus junceus Fisch.
(1,0), Echinochloa crus-galli (1,0), Alopecurus
pratensis (1,0), Iris sibirica (1,0), Plantago
psyllium (1,0), Gnaphalium uliginosum (1,0),
Myosotis arvensis (1,0%). The projective cover
is 40%.

The soil profile, established on a pasture, is
represented by the following horizons:

1. A horizon, 0-20 cm — brown in color, dry,
dense, the structure is crumbly to nutty, there are
inclusions of stones and plant roots, no new for-
mations, the transition to the underlying horizon
is distinct in terms of color and density, efferves-
cence is vigorous at the surface, the granulomet-
ric composition is medium loamy (physical clay
content is 31.2%)).

2. AB horizon, 20-33 cm — light brown in
color, fresh (moist), dense, the structure is fine
crumbly, there are inclusions of plant roots and
carbonates, new formations include cutans, the
transition to the underlying horizon is gradual,
effervescence (with HCI) is vigorous, the granu-
lometric composition is light loamy.

3. B horizon, 33—80 cm — light gray in color,
fresh (moist), dense, the structure is platy, there
are inclusions of stone slabs and carbonates, no
new formations, the reaction to HCI is vigorous,
the granulometric composition is sandy loam.

The soil is chestnut carbonate medium-loamy
on deluvial-alluvial deposits.

The Zarya polygon is located on a gently hilly
area with an elevation difference of 60—70 me-
ters, 2.8 km southwest of the village of Zarya.
The soil profile was established on a gentle
north-facing slope in pastureland. The vegeta-
tion is steppe forbs: Poa angustifolia (17,0%),
Aster amellus (15,0), Artemisia frigida (14,0),
Taraxacum officinale (5,0), Artemisia vulgar-

is (3,0), Elytrigia repens (3,0), Teloxys aristata
(2,0), Barbarea vulgaris (2,0), Senecio vulgaris
(1,0), Vicia cracca (1,0), Salsola tragus (1,0),
Ambrosia artemisiifolia (1,0), Chelidonium ma-
jus (0,7), Linaria vulgaris (0,3%). The projec-
tive cover 1s 66%.

A soil section was laid down at the site, repre-
sented by the following horizons:

1. A horizon, 0-20 cm — dark gray in color,
fresh (moist), dense, the structure is crumbly,
there are inclusions of stones and small plant
roots, no new formations, the transition to the
underlying horizon is sharp in terms of color
and density, the reaction to HCI is vigorous, the
granulometric composition is light loamy (phys-
ical clay content is 29.7%)).

2. BCA horizon, 2045 cm — yellow-brown in
color, fresh (moist), dense, the structure is platy,
there are inclusions of carbonates, no new for-
mations, the transition to the underlying horizon
is sharp in terms of density, the reaction to HCI
i1s vigorous, the granulometric composition is
light loamy.

3. BC horizon, 45-92 ¢cm — brown in color,
fresh (moist), moderately dense, the structure is
granular-powdery, no inclusions or new forma-
tions, there is no reaction to 10% HCI, the gran-
ulometric composition is sandy loam.

The soil is carbonate medium-loamy south-
ern chernozem on deluvial-alluvial deposits.

The landscape of the studied sites is predom-
inantly plain-hilly with elevation differences of
70—-170 meters. Typical polygons are located on
slopes of various aspects and gradients. In this
regard, the soils are erosion-prone and subject to
varying degrees of deflation and water erosion.
The soils are cultivated and used as arable land
and pastures.

Agrochemical parameters of the soils

The fertility of the degraded soils is very low,
influenced by both soil-forming factors and di-
gressive processes of natural and anthropogen-
ic origin (see Table 2). Acid-base properties are
one of the main physicochemical indicators of
soils, determining their productivity. Environ-
mental conditions significantly affect the mi-
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Taoa. 2. Al"pOXI/IMI/IHGCKI/IC IIOKAa3aTCJIM II0YB ITOJIUTOHOB HMCCJICJOBAHUA

Table 2. Agrochemical indicators of the study site soils

Organic
KO ex-
r(nrsgsesr ol PZ?)SH?O_ cﬁange- Ca* Mg Solids
Polygon, soil PH e | fracti on) able
o mg/kg (according to o
% Machigin) mg-eq /100 g %
Borets, ordinary
medium loamy cher-
nozem 7,9+0,1 34 0,29+0,03(19,8+4,0| >500 |19,4+1,0(2,50+0,25|0,18 +0,04
Tselinnoye, dark
chestnut brown medi-
um loamy soil 7,9+0,1 33 0,28 £0,03 |23,6+4,7| >500 |14,8+0,7[6,00+0,60|0,17+ 0,03
Berezovka, medium
loamy southern cher-
nozem 7,8+0,1 2,5 0,20+£0,02 |19,3+£3,9(171+17|12,9+0,6 [ 1,50+0,19|0,15 + 0,03
Krasnopolye, medium
loamy southern cher-
nozem 7,6 0,1 2,1 0,17+£0,01 | 153+£3,1 136+ 14| 11,9+0,6 [{0,75+0,09|0,13 + 0,03
Vesennee, chestnut
medium loamy 7,7+0,1 2,9 0,22+0,02 19,16 £2,7(222+22| 9,5+0,5 [3,88+0,39|0,29 + 0,06
Zarya, medium loamy
southern chernozem | 7,8 +0,1 2,7 0,20+£0,02 | 19,7+£5,9 (198 +20| 12,5+ 0,6 [2,25+0,23|0,15+ 0,03

crobiological and enzymatic activity of soils, as
well as the root nutrition of plants. The shallow
occurrence of carbonates near the soil surface
(20-35 cm), combined with low precipitation
and a predominant evaporative water regime,
led to the alkalinization of the upper 20-centi-
meter soil layer. As a result, all soil types were
characterized by a weakly alkaline reaction (pH
7.6-7.9). Among the absorbed bases, calcium
predominates. In chestnut and chernozem soils,
its content was several times higher than that of
magnesium—-2.5 and 5.5 times, respectively.
The soils of the studied polygons are medi-
um-loamy in granulometric composition, which
ensures a potentially favorable water and air re-
gime for functioning. However, under conditions
of moisture deficit and prolonged seasonal frost,
they have low productivity and are unable to ac-

cumulate significant amounts of organic matter.
The most fertile soils, formed in the more humid
Shirinskaya steppe, contain up to 3.6-3.8% or-
ganic matter. In the soils of the drier steppes in
the southern part of the republic (Koibalskaya
and Uybatskaya steppes), there is a decrease in
organic matter content to 2,1-2,9%.

This is related not only to soil-forming con-
ditions but also to the active development of
deflation processes—the main factors of dehu-
mification in arable soils''. In accordance with
the content of organic matter (mass fraction),
the content of total nitrogen also varied within
0,17-0,29 mr/ kr'2,

The content of available phosphorus and
potassium in the soils depended on the miner-
al composition of the parent material and the
degree of their weathering. A moderate to high

"Rozhentsova A.V., Spirina V.Z. Steppe black soils of the left bank of the Minusinsk depression // Reflection of bio-, geo-,
anthropospheric interactions in soils and soil cover: Proceedings of the VII International Scientific Conference dedicated to the 90th
anniversary of the Department of Soil Science and Soil Ecology TSU (Tomsk, September 14—-19, 2020), Tomsk, 2020, pp. 292-296.

“Biltuev A.S., Lapukhin T.P, Budazhapov L.V. Climate, soil fertility and productivity of grain crops in the arid conditions of

Transbaikalia: status and forecast. Ulan-Ude, 2015, 141 p.
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level of biogenic accumulation of these elements
was recorded in the plow layer. The average
content of available phosphates was observed in
chernozems and dark chestnut soils (15.3-23.6
mg/kg), while low levels were found in chestnut
soils. The potassium availability ranged from
very high in the soils of the Shirinskaya steppe
to high and elevated in the southern chernozems
and chestnut soils of the Koibalskaya and Uy-
batskaya steppes. The studied soils of Khakas-
sia are characterized by a very significant (9-25
times) excess of available potassium compared
to phosphorus. This trend is typical for most
steppe soils in the republic'. The studied soils
are not saline, and the content of the solid resi-
due did not exceed 0.3% [10, 11].

The most fertile soils of Khakassia are located
in the northern part of the republic, in the steppe
Sayan-Altai aerolandscape region (Shirinskaya
lake-basin steppe). The soil-forming conditions
have allowed the formation of the most fertile
soils here—ordinary chernozems, which pos-
sess a combination of favorable water-physical
and agrochemical properties for cultivating field
crops. Data from five rounds of agrochemical sur-
veys (1966-2003) have shown a dynamic decline
in the content of humus, available phosphorus,
and potassium. This is due not only to insufficient
application of organic and mineral fertilizers but
also to the development of erosion processes on
sloping lands [5, 12]. The true arid steppes are lo-
cated in the southern part of the republic, in the
dry-steppe Priabakan-Uybatsky agrolandscape
region (Koibalskaya and Uybatskaya steppes),
where the soil cover is mainly composed of south-
ern chernozems and chestnut soils. These soils
are low in humus and have low potential fertility
in terms of nitrogen. Effective fertility in terms of
phosphorus is moderate in southern chernozems
and low in chestnut soils, while in terms of po-
tassium, it is elevated and high, respectively. The
soils require measures to increase fertility levels

and reduce the impact of deflation. At the same
time, the Koybalskaya steppes are the most sus-
ceptible to deflation [12, 13].

CONCLUSION

The soils of the steppe territories in the Re-
public of Khakassia are located in the Sayan-Al-
tai and Priabakan-Uybatsky aerolandscape re-
gions, which differ in natural and climatic condi-
tions and, accordingly, in potential fertility. The
most fertile ordinary chernozems predominate
in the steppes of the Sayan-Altai region and are
primarily used in field crop production. Due to
the highly dissected relief, the soils are suscepti-
ble to water erosion. To prevent water erosion on
sloping lands, anti-erosion measures developed
by the Research Institute of Agrarian Problems
of Khakassia are recommended. Special atten-
tion should also be paid to the fertilizer appli-
cation system aimed at maintaining effective
fertility.

In the southern steppes, the zonal soils are
southern chernozems and chestnut soils, which
are characterized by lower nitrogen and phos-
phorus content. The predominant agricultural
activity on these lands is livestock farming, in-
cluding nomadic practices. The main factor in
the degradation of these soils is deflation. The
existing experience in Eastern Siberia for im-
proving pasturelands in regions with developed
livestock farming shows that the primary way to
improve degraded pastures in dry steppes is the
rationalization of their use within a pasture rota-
tion system. The preservation and restoration of
dry pastures, as well as increasing their produc-
tivity, should focus on the following directions:

1. Rationalization of use based on a pasture
rotation system. The introduction of pasture ro-
tation fundamentally changes the technology of
free-range grazing, creating opportunities for
planned pasture management and differentiated,

BSpirina V.Z. Black soils of Minusinsk flexure on red-colored loams // Soil resources of Siberia: challenges of the XXI century:
proceedings of the All-Russian scientific conference with international participation, dedicated to the 110th anniversary of the
outstanding organizer of science and the first director of ISSA SB RAS R.V. Kovalev (Novosibirsk, 4-8 December 2017) / edited by

A.L Syso, Novosibirsk, 2017, Ch. 1, pp. 139-142.
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regulated stocking rates on pasture areas, taking
into account their productivity.

2. Application of the methods for fundamen-
tal and surface improvement of low-productivi-
ty and degraded pastures. At the same time, the
choice of measures should be approached selec-
tively, taking into account local specifics based
on geobotanical and agrochemical surveys of the
area. For overseeding grasses, it is advisable to
use local seed material from natural lands with
high productivity and valuable herbage. The
pasture rotation system should include the man-
datory application of mineral nitrogen fertilizers
during grassland renovation and the period of
spring grass regrowth. Mountainous areas have
a high coverage of water sources. Water recla-
mation in these areas will significantly increase
pasture productivity and improve the fertility of
the degraded areas.

Since the conducted studies only determine
the current status of soils and vegetation cov-
er, monitoring surveys of the territories using
spectral analysis of landscapes and Earth remote
sensing are necessary to determine the rates and
direction of degradation processes.
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JInHAMHKA IKCIIPECCHU T'eHOB ecaTypa3bl
B npouecce GopMUPOBAHHUS CEMSH MACJIHUYHOIO JbHA

C<)Bba3anoB T.A., Ymanosckuii U.B., Jlornnosa H.H., Mununa E.B., Bepecosa I1./1.
Dedepanvublil HAYUHLLL YeHMP JIYOSIHBIX KVIbMYD

Tsepsw, Poccus

(XDe-mail: t.bazanov@fnclk.ru

Macnnunslii nen (Linum usitatissimum L.) — MHOTOLIENIeBasi KyJIbTYpa, UCIOIb3yeMasi BO MHOTHX
OTpAaCIIIX MPOMBIIIIEHHOCTH. COCTaB Maciia CeMsH TPaJANIMOHHBIX COPTOB JIbHA XapaKTepU3yeTcs BbI-
COKMM COZICPKaHHEM HEHACBIIIEHHBIX KUPHBIX KUCIOT Thna Omega-3. B nponecce 6nocunTesa Jiu-
MUJIOB B KJIETKE BAKHBIM ITAIlOM SIBJISIETCS JecaTypanusl >KUPHBIX KUCIIOT, ONpeNeNsionias HTOroBoe
COOTHOILICHUE HACBILICHHBIX U HEHACBIIEHHBIX )KUPHBIX KUCIOT B Macie. OCHOBHbIMU (hepMEHTaMu,
orpeeNsIomuMy 3QGEKTUBHOCTS JiecaTypalyy, IBISIFOTCS MeMOpaHocBs3aHHbIe ecarypassl (FAD) u
pactBopuMmsble aecarypasbl (SAD). Llens nanHOI paboThI — MCCIeI0BaHHUE SKCIIPECCHU I'EHOB JiecaTypas
B TIPOLIECCE PA3BUTHS CEMSIH PA3IMUHBIX COPTOB JIbHA MacIHMYHOro. MarepuaiioM Ajisi UCCIIeIOBAHUS
MOCITY>KHJIM BOCEMb COPTOB JIbHA MACIUYHOTO C Pa3IMYHbIM KUPHOKUCIOTHBIM cOCcTaBoM Macia. O0-
paslbl BRIpAIIMBAIN B PaCTHIILHON kamepe mo usereHus. Ha 5, 10, 15, 20, 25, 30 u 35-if news nocie
LBETEHMSI IPOBOAMIN OTOOp KOPOOOUEK C pacTeHuil ¢ mociexyrommm ussinedenneMm PHK u3 cemsn.
Brimonssiin obpatHyto TpaHcKpuniuio U nonykonnuectseHHyro RT-PCR. [lonyuennsie B pe3ynbrare
peakuuy NpOAYKThI PA3AeisiIM ¢ UcToiab3oBaHueM 1,2%-ro araposHoro rensi. ['en agenun ¢dochopu-
6osunrpancgepasbi-1 (APT)) ncrnonb3oBanu Kak STaJOHHHBIA. B pesynsrare uccneoBanus moiyde-
HBI JaHHBIE 10 SKCIPECCUU LIECTH TeHOB Aecarypa3s JpHa: SAD1, SAD2, FAD2A, FAD2B, FAD3A u
FAD3B. Onenka skcnipeccun reHoB SAD1 1 SAD2 y Bcex McCIe0BaHHBIX COPTOB HA BCEX M3Y4YEHHBIX
CTaJMAX Pa3BUTUS CEMEHHU HE BBISIBUJIA pa3ivuuil. DKCOpeccusl TeHOB aecarypasbl cemeiictBa FAD2
3aBUCeNIa OT CTaIMH PAa3BUTHUS CEMsIH. B TedeHne n3ydeHHoro rnepronaa GopMUpPOBAHUS CEMSH YPOBEHb
9KCIIPECCHU OBUT BHICOKHM, YTO YKa3bIBAaE€T HA MHTCHCUBHOCTb OMOCHHTE3a M HAKOIUICHHUS O-TMHOJIEHO-
BO M JIMHOJIEBOM KUCIOT. DKcrpeccusi TeHoB aecarypa3 FAD3, KOHTponMpyromuX 3aKII0YUTENIbHBIN
9Tal NpeBPaICHUs] HEHACBIILIEHHBIX JKUPHBIX KHCIIOT JIbHA, HE3HAYNTEIBHO 3aBUCEIa OT BPEMEHH MO-
clie 1BeTeHHs. BhIsBIeHa MpONopIMOHaIbHAs 3aBUCUMOCTD COIEPKaHMS O-TMHOJIEHOBON KHCIIOTHI B
MacJjie OT YpOBHS 3Kcrpeccun TeHoB aecarypa3 FAD3. [lomyueHHble naHHBIE YKa3bIBAIOT HA TUHAMUKY
B TIpoliecce MeTaboM3Ma JKUPHBIX KUCIIOT MpH (JOPMUPOBAHUU ceMsiH JibHA. OmpeiesieHa reHOTUII-
cre(UIHOCTD MPH OLIEHKE 3KCIPECCUH Aecarypas cemeiictBa FAD B cemeHax JibHa MAaCIIMYHOTO.

KualoueBble cioBa: jeH Maciauunbii, skcnpeccus, [P, necarypass, FAD, SAD, PHK, rens-
anektpodopes

Dynamics of desaturase gene expression
in the process of oil flax seed formation

C<)Bazanov T.A., Ushchapovsky L.V., Loginova N.N., Minina E.V., Veresova P.D.
Federal Research Center for Bast Fiber Crops

Tver, Russia

(XD e-mail: t.bazanov@fnclk.ru

Oil flax (Linum usitatissimum L.) is a multi-purpose crop used in many industries. The composition
of traditional flax seed oil varieties is characterized by a high content of desaturated Omega-3 fatty
acids. In the process of lipid biosynthesis in the cell, an important step is the desaturation of fatty acids,
which determines the final ratio of saturated and desaturated fatty acids in the oil. The main enzymes
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Dynamics of desaturase gene expression Bazanov T.A., Ushchapovsky 1.V., Loginova N.N.,
in the process of oil flax seed formation Minina E.V., Veresova P.D.

that determine the efficiency of desaturation are membrane-bound desaturases (FADs) and soluble
desaturases (SADs). The purpose of the work is to study the expression of desaturase genes in the
process of seed development of different oilseed flax varieties. Eight varieties of oil flax with different
fatty acid composition of oil served as the material for the study. The samples were grown in a plant
chamber until flowering and on days 5, 10, 15, 20, 25, 30 and 35 after flowering, bolls were taken from
the plants followed by RNA extraction from the seeds. Then reverse transcription and semi-quantita-
tive RT-PCR were performed. The resulting reaction products were separated using a 1.2% agarose
gel. The adenine phosphoribosyltransferase-1 (APT)) gene was used as a reference. As a result of
the study, data were obtained on the expression of six flax desaturase genes: SAD1, SAD2, FAD2A,
FAD2B, FAD3A and FAD3B. Evaluation of the expression of the SAD1 and SAD2 genes in all the
studied varieties at all the studied stages of seed development did not find any differences. Expression
of desaturase genes of the FAD2 family depended on the stage of seed development. During the stu-
died period of seed formation, the expression level was high, indicating the intensity of biosynthesis
and accumulation of a-linolenic and linoleic acids. The expression of FAD3 desaturase genes, which
control the final stage of the conversion of flax desaturated fatty acids, did not significantly depend on
the time after flowering. A proportional dependence of the content of a-linolenic acid in oil on the level
of expression of the FAD3 desaturase genes was revealed. The data obtained indicate the dynamics in
the metabolism of fatty acids during the formation of flax seeds. Genotype specificity was determined
when assessing the expression of desaturases of the FAD family in oil flax seeds.
Keywords: oil flax, expression, PCR, desaturases, FAD, SAD, RNA, gel electrophoresis
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INTRODUCTION the top three global producers and exporters of
oilseed flax seeds. In the last three years, the
area under oilseed flax cultivation in Russia has
ranged from 1.5 to 2.0 million ha’.

Oilseed flax seeds contain up to 50% oil,
which has a unique composition of fatty ac-
ids—oleic acid (~24%), stearic acid (~4%),
linoleic acid (~15%), a-linolenic acid (~50%),
and palmitic acid (~6%) [2, 3]. Flaxseed oil is
particularly rich in a-linolenic acid (ALA), an

Oil flax (Linum usitatissimum L.) is a mul-
tipurpose crop cultivated for use in various in-
dustries—food, medical, and chemical. Flax is
rightfully considered one of the leading oilseed
crops, recognized worldwide for the high value
of its oil, which is extracted from seeds through
various mechanical and chemical methods [1].
Annually, 3—5 million hectares are sown with oil
flax globally'. The Russian Federation is among

'FAOSTAT: Food and Agriculture Organization of the United Nations. URL: https://www.fao.org/faostat/en/?%?23data/QL#home
(date of reference: 17.03.2024).

2Federal State Statistics Service. URL: https://rosstat.gov.ru/ (date of reference: 22.03.2024).
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essential omega-3 fatty acid [4, 5]. In the human
body, ALA cannot be synthesized independent-
ly, and its deficiency can lead to various health
problems. Therefore, ALA must be obtained ex-
ternally through dietary supplements [3]. Addi-
tionally, ALA, together with linoleic acid, serves
as a precursor for the synthesis of long-chain
polyunsaturated fatty acids (eicosapentaenoic,
docosapentaenoic, docosahexaenoic, and ara-
chidonic acids), which play an important role in
reducing total cholesterol levels and preventing
chronic diseases, including cardiovascular, on-
cological, neurodegenerative, inflammatory, and
other [3-7].

In addition to the production of edible oil, as
well as a wide range of nutraceuticals and health
food products [8], oil from oil flax is used in the
production of biodiesel, various resins, plastics,
varnishes, linoleum, oil-based and printing inks,
and as a protective coating for wood and con-
crete [1, 9].

The high content of linolenic acid contributes
to the high oxidation rate of flaxseed oil, which
reduces its shelf life as a food product but simul-
taneously gives it unique drying properties es-
sential for various industrial applications [6, 10].

The biosynthesis of fatty acids occurs in ev-
ery plant cell and is one of the key metabolic
pathways ensuring growth and development.
When fatty acid biosynthesis is inhibited, any
cell dies [11, 12].

Fatty acid desaturation is an essential bio-
chemical process in which the key enzymes are
desaturases, which are responsible for fatty acid
biosynthesis in cells. They catalyze the conver-
sion of a single bond (C-C) in the acyl chain into
a double bond (C=C), which leads to the cre-
ation of unsaturated fatty acids from saturated
ones [4-6].

Fatty acid desaturases are divided into
two phylogenetically unrelated groups: mem-
brane-bound (FAD) and soluble (SAD). Mem-
brane-bound desaturases are part of plant cell
membranes and are located in the endoplasmic

reticulum or other membrane organelles, where-
as soluble desaturases are usually found in free
form within the cell and are not associated with
membrane structures. Both types of desaturases
are specific to different fatty acids and control
the balance of saturated and unsaturated fatty ac-
ids in plant cells, which affects oil composition
and functionality [4, 5].

To date, desaturase genes have been studied
in various plant species, including flax. Flax de-
saturases are encoded by duplicated genes. The
soluble desaturase SAD genes play a key role
in the conversion of stearoyl-ACP to oleoyl-
ACP by adding a double bond at the A9 posi-
tion. FAD2 genes, in turn, are responsible for the
desaturation of oleic acid to linoleic acid, and
FAD3 genes are involved in the conversion of
linoleic acid to linolenic acid. Two major FAD3
gene isoforms have been identified in flax: FA-
D3A and FAD3B, which encode microsomal de-
saturases capable of desaturating linoleic acid.
The study of desaturase gene isoforms is import-
ant from the point of view of breeding, as it may
allow controlling the level of linolenic acid con-
tent in linseed oil at the genetic level® [13, 14].

The stepwise desaturation of fatty acids is an
important stage in their biosynthesis, determin-
ing the ratio of saturated and unsaturated fatty
acids in the oil. Based on this ratio, it is possible
to determine the most appropriate direction for
its utilization, either as a source of nutritional
products useful for human metabolism or for in-
dustrial applications [12].

The study of the expression profile of desat-
urase genes will make it possible to assess the
functional properties and genetic features that
are necessary in controlling the process of lipid
biosynthesis, creating new high-tech flax variet-
ies with the required parameters.

In addition, genes expressed during seed
formation have not been sufficiently studied in
flax. Expanding this knowledge and analyzing
the expression profiles of flax desaturase genes
will help to assess their role in the formation of

*Thambugala D., Cloutier S. Fatty acid composition and desaturase gene expression in flax (Linum usitatissimum L.) // Journal
of applied genetics. 2014. Vol. 55. P. 423-432. DOI: 10.1007/s13353-014-0222-0.
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different types of fatty acids, allow a more de-
tailed study of the key molecular and genetic
mechanisms of oil biosynthesis in flax seeds,
and identify key regulatory genes affecting the
coordination and control of seed development
processes. The study of desaturase gene expres-
sion will allow expanding the knowledge of flax
biology and improving the processes of breeding
and creating new varieties with desired charac-
teristics [4].

The purpose of the study was to investigate
the expression of desaturase genes during seed
development of different oil flax varieties.

MATERIAL AND METHODS

Experimental studies were carried out in the
“Molecular-genetic research and cell selection”
laboratory of the Federal Research Center for
Bast Fiber Crops (“FRC BFC”) in 2024.

The material for the study of desaturase gene
expression was eight varieties of oil flax ob-
tained from the collection of the separate subdi-
vision “Flax Institute” of the Federal Research
Center for Bast Fiber Crops (Torzhok). The va-
rieties were selected taking into account the de-
gree of ALA content as one of the most valuable
fatty acids. The list of varieties under study is
presented in Table 1.

The studied flax varieties were grown in a
growth chamber under the following conditions:
temperature 22 °C and day/night photoperiod —

16/8 h. During plant development, individual
flowers and bolls formed from them were not-
ed. For molecular analysis, bolls were collected
from plants on days 5, 10, 15, 20, 25, 30, and
35 after flowering (hereafter referred to as DAF)
and RNA extraction was performed.

For RNA extraction, 0.2 g of seeds from
each capsule of the corresponding variety were
used. RNA extraction was performed using the
column-based total RNA isolation kit for plant
material "RNA-Xtrac Plants" (Biomedical In-
novations LLC, Russia) according to the manu-
facturer's instructions. The quality of the isolat-
ed RNA was checked using spectrophotometric
methods and by electrophoresis of RNA samples
in a 1.5% agarose gel. The obtained RNA sam-
ples were treated with DNase before the reverse
transcription step. cDNA synthesis was carried
out using the "M-MulV Reverse Transcriptase
without RNase H Activity (RH-)" kit (Biolab-
mix, Russia) in accordance with the manufactur-
er's instructions.

To obtain RNA sequences, the UniProt in-
terface was used. The obtained sequences were
subjected to BLAST analysis against L. wusi-
tatissimum scaffolds using NCBI software.
Gene-specific primers for PCR were designed
using Primer3plus software, and their nucleotide
sequences are presented in Table 2.

The principle of semi-quantitative RT-PCR
is based on measuring the relative expression of

Tao6a. 1. IlepeueHs copTo0OPa3LOB JbHA MACIMYHOTO, UCIIOIB30BAHHBIX JJISI HCCIICIOBAHUS SKCIPECCHH

TeHOB Jiecarypas

Table 1. List of linseed flax varieties used to study the expression of desaturase genes

Main fatty acid content, %
Variety
Oleinic Linoleic Linolenic
AGT 427/10 13,1 13,4 64,3
Vitagold 18,3 14,8 58,1
LM 91 23,8 19,4 47,0
AGT 1568/07 17,1 28,6 43,5
AGT 422/10 18,3 35,5 32,6
AGT 987/02 17,4 53,1 18,5
Yantar 15,3 66,8 8,3
Amon 14,8 71,8 3,1
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target genes during the linear phase of the re-
action*. In this PCR method, all studied cDNA
samples are amplified with the same number of
cycles, followed by separation via electrophore-
sis and staining using a specific dye (e.g., EtBr).
As aresult, the expression rate of the target gene
can be assessed by measuring the intensity of
the band corresponding to the formed amplicon.
The band intensity reflects the number of copies
of the target cDNA (i.e., target mRNA) at the
start of PCR and, consequently, the level of ex-
pression of the target gene in the sample.

Semi-quantitative RT-PCR was performed
in a T-100 thermocycler (BioRad) using the ob-
tained cDNA samples corresponding to 5-35
days of sampling and RNA extraction. The re-
action mixture for amplification contained 4 ng
of cDNA, 1x PCR buffer, 1.5 mM MgCl., 0.8
mM dNTP, 0.4 uM of each primer, and 1.5 units
of Taqg DNA polymerase. The first stage of am-
plification involved initial denaturation at 95 °C
for 15 minutes; this was followed by 28 cycles
of denaturation at 95 °C for 10 seconds, primer
annealing at 62 °C for 10 seconds, and elonga-
tion at 72 °C for 10 seconds. The final stage was
terminal elongation at 72 °C for 10 minutes. The
use of 28 cycles is recommended in studies on
gene expression’ (see footnote 3).

The resulting amplicons were separated using
a 1.2% agarose gel of 15 x 10 cm in TAE buffer
pre-stained with ethidium bromide. Electropho-
retic separation was performed for 2 h with an
amperage of 200 mA. PCR products were quan-
tified by fluorescence intensity scanning in UV
light using a ChemiDoc MP gel documentation
system (Bio-Rad, USA). Image Lab image anal-
ysis software version 6.0.1 (Bio-Rad, USA) was
used to measure the signal strength of each am-
plified band.

The adenine phosphoribosyltransferase-1
(APT1) gene was used as a reference gene [15].
The expression of target desaturase genes was
assessed relative to it by dividing the signal of
the desaturase gene amplicon by the signal of
APT1 gene. Independent replicate RT-PCR was
performed in three replicates for each genotype,
gene (including APT1), and plant developmen-
tal stage under study.

RESULTS AND DISCUSSION

This study provides expression data for six
flax desaturase genes SADI1, SAD2, FAD2A,
FAD2B, FAD3A and FAD3B for eight flax ac-
cessions at seven stages of seed development.

Figure 1 shows an example of electrophoret-
ic separation of cDNA amplification products of

Taoa. 2. HykneoruaHsle MocineoBaTeIbHOCTH ITpaiiMepoB, UCIIOI30BAHHBIX B MOJYKOJIMYECTBEHHOM

RT-PCR
Table 2. Nucleotide sequences of primers used in semi-quantitative RT-PCR
Primer sequence, 5°—3’
Gene
Forward primer Reverse primer

SADI1 TCGCAGCAGACGAGAAACG AGGGTCGATCTCGAAGAGCTT
SAD2 AAGCTGGAGATCTTTAAGTCCCTT GTTCGGGCAGGAAATCTTGT
FAD2A CGTGGATCGAGACTACGGGTTA ATGGTGCGCGACATGTGT
FAD2B TGGCACTCAAAGTACCTCAACAA AAGGCCAGCCGAGAGTGA
FAD3A GACTTCAAAACTGTGGCTCT GATAGCCACACCATTGGTGC
FAD3B GCAGCGGTCTTGATTTCAACA ATTTTGAGGACCGGAGCGAA
APT, TAGAGCTGACCAGGACAAACA GTTTATGAATGCGCTTGTCTCA

‘Wang F. Semi-quantitative RT-PCR: An effective method to explore the regulation of gene transcription level affected by
environmental pollutants. Environmental Toxicology and Toxicogenomics: Principles, Methods, and Applications, New York, NY:
Springer US, 2021, pp. 95-103. DOI: 10.1007/978-1-0716-1514-0_7.

SKumar S., Jordan M. C., Datla R., Cloutier S. The LuWD40-1 gene encoding WD repeat protein regulates growth and pollen
viability in flax (Linum usitatissimum L.) // PloS one, 2013, vol. 8, N 7, P. ¢69124. DOI: 10.1371/journal.pone.0069124.
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the FAD3A desaturase gene FAD3A cDNA of
the AGT 422/10 strain and the APT, reference
gene.

The expression levels and patterns of all the
genes studied varied significantly. Thus, the
genes SAD1 and SAD?2 in all studied varieties
showed almost identical profile, not differing
in expression level between the varieties (see
fig. 2, 3).

The oleic acid content in this sample of the
varieties ranges from 13.1 to 23.8%, but the data
obtained indicate that the fatty acid composition
of flaxseed oil is practically unaffected by the
genes of these desaturases.

FAD gene expression landscapes were com-
pared for each of the cultivars studied (see fig.
4-11).

The variety AGT427/10 contains the highest
amount of ALA (64.3%) in the oil of the studied
samples and the lowest content of linoleic acid
(13.4%). Comparison of the FAD gene expres-
sion profiles of this variety (see fig. 2) helps to
explain this fatty acid composition. The expres-
sion of all four genes increases rapidly by day
10 after flowering, then decreases for the FAD2
genes on day 15. Meanwhile, for FAD2A, FA-
D3A, and FAD3B genes, the expression increas-
es strongly by day 20, while for FAD2B, the
expression increase is not significant at all, then
the expression for all genes decreases smoothly.
This suggests that in the seeds of cultivar AGT
427/10 from the very beginning of development
there is an active simultaneous sequential con-
version of oleic acid to linoleic acid and linoleic
acid to ALA, mainly with the participation of de-

Puc. 1. DnexrpodopeTryeckoe pasneneHle npo-
nykros [ILP xkIHK rena necarypas FAD3A copra
AGT 422/10 n pedepencuoro rena APT,

Fig. 1. Electrophoretic separation of PCR products
cDNA of the FAD3A desaturase gene of the AGT
422/10 variety and the reference gene APT,

saturases determined by FAD2A, FAD3A, and
FAD3B genes.

Comparison of FAD gene expression for
the Vitagold cultivar also indicates some gen-
otype-specificity of fatty acid metabolism. The
landscape of FAD3 gene expression has a pro-
portional angular profile with a maximum on the
20th day after flowering, while the maximum
of FAD2 gene expression is shifted 5 days lat-
er. This indicates that despite the high level of
FAD3 gene expression as in the previous culti-
var, the ALA content in the oil of this cultivar
will slightly decrease as a result of the shift of
the maximum period of linoleic acid production,
which is confirmed by the literature data for the
Vitagold cultivar (58.1% ALA and 14.8% linole-
ic acid).

The expression landscape of FAD genes of
LM 91 variety is generally similar to the data of
Vitagold variety in terms of expression periods,
but a characteristic decrease in the maximum for
FAD3 genes and an increase in the maximum
for FAD2 genes is noticeable. This is due to the
fatty acid composition of the oil of this variety
(47% ALA and 19.4% linoleic acid). The peak
of FAD3B gene expression on the 30th day did
not allow a decrease in ALA content in this cul-
tivar. This point is confirmed when analyzing the
FAD gene expression profiles of AGT 1568/07
variety AGT 1568/07.

The expression landscapes of the genes un-
der consideration in cultivars LM 91 and AGT
1568/07 (43.5% ALA and 28.6% linoleic acid)
are generally identical except for two posi-
tions: the presence of an additional maximum
of FAD2B gene expression at day 10 and the
absence of a second maximum of FAD3B gene
expression at day 30, which explains the shift in
the balance of LC composition. The data indi-
cate that more linoleic acid produced at an early
stage of seed development is not converted to
ALA at later stages. The reasons for this cannot
be established within the scope of this study.

The concentrations of ALA and linoleic acid
in the oil of the AGT 422/10 variety are almost
equilibrium, with 33% ALA and 36% linoleic
acid. This is well described by the gene expres-
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gene
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sion landscape of both desaturases. The expres-
sion profile of FAD2 and FAD3 genes grows al-
most linearly until day 20, then FAD3 gene ex-
pression declines, and FAD2 continues to grow
smoothly with a decline after day 30. Thus, up
to the 20th day desaturases work synchronously,
ALA synthesis takes place, then the concentra-
tion of FAD3 desaturases decreases and linoleic
acid accumulation continues until the 35th day.

The expression profiles of FAD desaturas-
es in the cultivar AGT 987/02 turned out to be
very diverse. FAD2 genes showed the most pro-
nounced expression of different strength but uni-
form profile. FAD3 genes were characterized by
a low level of expression, and the expression of
the FAD3A gene was quite insignificant. The ex-
pression of FAD3B gene smoothly increased up
to the 30th day with subsequent decline. All this
is characteristically reflected in the fatty acid
composition of the oil (18.5% ALA and 53.1%
linoleic acid), when the concentration of FAD2
desaturases begins to prevail, and the desatura-
tion of linoleic acid and its conversion into ALA
decreases.

The oil composition of the Yantar variety had
a low content of ALA (8%) and a high content of
linoleic acid (67%). Sufficiently high expression
levels of FAD2A and FAD2B genes, whose pro-
files are characterized by the position of maxima
(15th and 20th days, respectively), indicate peri-
ods of intensive linoleic acid production. At the
same time, the FAD3B gene is also expressed
quite intensively with a maximum at day 15,
which should have increased linoleic acid con-
version, but the strong decline in expression at
day 20 of DPC does not allow for an increase in
ALA concentration. The FAD3A gene is practi-
cally not expressed in this cultivar.

Amon is one of the lowest linolenic repre-
sentatives of oilseed flax. The balance of fatty
acids in its oil is almost completely shifted to-
ward linoleic acid (8.3% ALA and 66.8% linole-
ic acid). The expression profiles of FAD genes
in this case look expected: intensive prolonged
expression of FAD2 genes and almost complete
absence of FAD3 gene expression.

An important point in the study of FAD gene
expression profiles in the varieties of this sample,
which should be especially noted, is the gradual
decrease in the intensity of FAD2 gene expres-
sion in the row from high-linolenic varieties to
varieties with low ALA content. This decrease
is characterized by a decrease in the conversion
of oleic acid to linoleic acid. However, the con-
centration of oleic acid in the oil of the studied
varieties is relatively stable. This may be due to
changes in the intensity of expression of other
genes of the FAD2 family.

CONCLUSION

Desaturases play an important role in regu-
lating the fatty acid composition of flax oil. The
obtained data revealed the presence of dynamics
in the process of fatty acid metabolism during
the formation of flax seeds. Genotype specificity
in assessing the expression of FAD family desat-
urases in flax seeds was determined.

The expression of desaturase genes of the
FAD2 family in the studied period of seed forma-
tion was high and depended on the phase of seed
formation. This largely determines the intensity
of ALA and linoleic acid accumulation. The ex-
pression of FAD3 desaturase genes, which are
the last enzyme group in the series of transfor-
mations of unsaturated fatty acids in flax, was
less variable with respect to the time after flow-
ering, but showed a proportional dependence of
ALA content in oil on the expression level. De-
saturases of the SAD family were practically not
differentiated either by expression level or by
development phase, which may be related to the
relatively stable content of oleic acid in samples
in the studied sample of oilseed flax varieties.

In general, assessment of oilseed flax desatu-
rase gene expression in relation to time allows to
increase the informativeness of data on genetic
diversity of flax crop, to assess not only the lev-
els of gene expression, but also their relationship
with the phase of seed development.
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3aCOpPEeHHOCTH MOCEBOB PHUCA, BO3IEJIBIBAEMOI0 M0 PA3HBIM
NnpeAlecCTBEeHHUKAM NPU NEePUOAUYECKUX MOJIUBAX
B ycjaoBusax Husknero IoBoxbs

Poaunn K.A., &) HeBexuna A.b.

Bcepoccuiickuil HayuHo-uccie008amenscKull UHCIMUmym opouaemozo 3emaeoeniss — Quiua
DedepanvHozo HayuHO20 Yyenmpa euopomexuuxu u menuopayuu um. A.H. Kocmsakosa
Bomrorpan, Poccust

(<De-mail: aina.kanaeva@mail.ru

W3ydensl criocoObl CHUKEHHS 3aTpaT BOJbI B HaWOOJIEe BOIO3aTPATHOM CEKTOPE CEIbCKOXO3SH-
CTBEHHOTO ITPOM3BO/ICTBA, CBA3aHHOTO C OpoIeHueM prca. OH B OpOIIaeMOM 3eMJIe/IeTNN OTHOCHUTCS
K JJIOMUHAHTHOM ¥ caMOM Bojio3aTparHou KyasType. [IpeacTaBieHbl SKCliepuMeHTaIbHbIE JaHHbIE IO
3aCOPEHHOCTH MMOCEBOB PHCa, OPOIIAEMOT0 MEPUOJUYESCKIMHU TOJIMBAMH, B 3aBUCUMOCTH OT TIPEJI-
HIECTBYIOIIUX KYIbTyp. EXXEroHO COPHSIKU 3aCOPSIIOT CEIbCKOX03HCTBEHHBIE MTOCEBBI, YTO BEIET K
3HAYUTEIPHOMY CHU)KCHUIO YPOJXKasi U €ro KauecTBa. Pe3yibTarhl HCCIeIOBaHUS O3BOJISIOT OTIpEeie-
JIUTh BUJIOBOM COCTaB COPHBIX PACTEHUM ¥ MEepbl OOPHOBI C HUMHU MOCPEICTBOM 00Pa0OTKH MOCEBOB
puca 6aKOBOH CMeChi0 TepOUIIUIOB. YCTAHOBIIEHO CyMMapHOE BOJOMOTPEOICHIE KyIbTYPHI IO pa3-
HBIM TTPEANIeCTBeHHNKaM. B pe3ynbrare HaOIrOeHHid BRISIBJICHBI OCHOBHBIE BH/IBI COPHSIKOB, B COCTaB
KOTOPBIX BXOAWJIM: IIMPHUIIA 3aIPOKHHYTas, €KOBHUK (KypHHOE MPOCO), BBIOHOK ITOJIEBOW U JIpyTHe
MIPEJCTAaBUTEIN COPHOM pacTUTENhHOCTH. B 00phOE ¢ COPHOM pacTUTEILHOCTHIO UCIIOIB30BAIN T10Y-
BeHHbIN repounuy Ctomm (6,0 n/ra) B coueTanuu ¢ 00pabOTKOM 10 BereTaluy pacTeHHid pruca 0ako-
BO#1 cMecho repounnaos Kamowuo (2,5 si/ra) + Tonuk (0,5 5i/ra), pacrBopernbix B 200 11 Bojbl. Taxoke
B pa0oTe yKa3aHbl JJaHHBIC [0 CTPYKTYPHBIM T0Ka3aTeJISIM PACTEHUI prca 10 Pa3HbIM MPEAIICCTBEH-
HUKaM, 9TO MTO3BOJIMIIO YCTAHOBUTH (DAaKTHYECKYIO YPOXKANHOCTE. B pe3ynbprare momydeHHBIX JaHHBIX
YCTaHOBJICHO, KaKOW IMPEIIIeCTBEHHUK SIBISETCS dPPEKTUBHBIM KaK JJIsi CHUKCHUS 3aCOPEHHOCTH
MTOCEBOB, TaK U JUJIs IMOJTyYCeHUSI HAMOOJbINEH YPOXKAMHOCTH PACTEHUH prca 110 BapUaHTaM OIIbITA.

KaroueBbie cjioBa: puc, MepruondecKoe OPOIICHIE, COPHSIKH, MPEIICCTBEHHUKH, YPOKANHOCTh

Weediness of rice crops cultivated on different forecrops under periodic
irrigation in the Lower Volga region conditions

Rodin K.A., C<)Nevezhina A.B.

All-Russian Research Institute of Irrigated Agriculture — Branch of the Federal Scientific Center for
Hydraulic Engineering and Land Reclamation named after A. N. Kostyakov

Volgograd, Russia

(<De-mail: aina.kanaeva@mail.ru

The ways to reduce water inputs in the most water-intensive sector of agricultural production re-
lated to rice irrigation have been studied. In irrigated agriculture, it is the dominant and most wa-
ter-intensive crop. Experimental data on weediness of rice crops irrigated with intermittent waterings
depending on the preceding crops are presented. Every year weeds infest agricultural crops leading to
a significant reduction in yields and crop quality. The results of the study make it possible to determine
the species composition of weeds and weed control measures through the treatment of rice crops with
a tank mixture of herbicides. Total water consumption of the crop by different forecrops has been de-
termined. As a result of the observations, the main weed species have been identified, which included
the following weed species: redroot amaranth, barnyard grass (prickly grass), corn bindweed and other
representatives of the weedy vegetation. Soil herbicide Stomp (6.0 1/ha) was used in combination with
treatment of the rice plants with a tank mixture of Cambio (2.5 I/ha) + Topik (0.5 1/ha) herbicides dis-
solved in 200 liters of water. Also in the work, the data on structural indices of rice plants on different
forecrops are indicated, which allowed to establish the actual yield. As a result of the data obtained,
it was established what forecrop is effective both for reducing weediness of crops and obtaining the
highest yield of the rice plants in the variants of the experiment.

Keywords: rice, periodic irrigation, weeds, forecrops, yield
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BINTRODUCTION

Rice is a valuable grain crop grown mainly
according to the technology of basin flooding.
This technology of rice cultivation requires large
expenditures of irrigation water, which leads to
additional financial costs, requires today the
search for solutions to new problems in order
to preserve water resources and ecological and
sanitary condition of crops [1-3]. At the pres-
ent stage, due to the shortage of fresh water not
only in the Russian Federation, but also globally,
there is a need to develop water-saving technol-
ogies for cultivation of agricultural crops, in-
cluding rice [4, 5].

The All-Russian Research Institute of Irri-
gated Agriculture has developed a water-saving
technology of rice irrigation, which saves irriga-
tion water 3-5 times more compared to the tra-
ditional method of rice cultivation by flooding.
This technology does not require the construc-
tion of specialized rice irrigation systems, but
allows rice cultivation on general-purpose lands
[6, 7].

In the conditions of the Krasnodar region,
8-field rice rotation, with more than 50% of the
rice crop, was considered the best. The degree of
saturation of rice crop rotations with perennial
grasses with the mandatory inclusion of inter-
mediate crops is currently relevant. Such a com-
bination of rice rotation crops allows saturating
the soil with fresh organic matter, obtaining con-
sistently high yields of other crops and increas-
ing rice yields without worsening the fertility of

arable lands [8—11].

Agrotechnical role of clean and occupied fal-
lows, annual fallow crops and perennial grasses
as the main forecrops in reducing the weediness
of rice crops cultivated under flood irrigation, as
well as their impact on yields has been the sub-
ject of many scientific works [12, 13]. According
to the results of these works it was established
that the main forecrops of rice are perennial le-
gumes, seeded fallow with legume-grass crops,
green-manured fallow, as well as intermediate
crops [14, 15].

The problem of weediness of rice crops irri-
gated by periodic irrigation is not quite solved
and is urgent at present. When cultivating rice
under the technology of periodic irrigation as a
forecrop can serve both row crops and contin-
uous crops. Therefore, we selected such crops
as soybean, potato and rice as forecrop for rice
irrigated with intermittent irrigation in order to
assess the impact on weed reduction and yield
increase [16].

MATERIAL AND METHODS

The studies were conducted from 2018 to
2020 with a systematic arrangement of prede-
cessors. The soil water regime was maintained
at no less than 80% of minimum water capacity
(MWC) in the 0.4 —meter soil layer. The irriga-
tion method used was drip irrigation (see fig. 1).

Soil moisture was determined by thermo-
stat-weight method by layers through 0.1 m to
a depth of 0.6 m. Evapotranspiration was cal-
culated by water balance method according to
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Puc. 1. KanienpHOE OpOILIEHUE pUcCa
Fig. 1. Rice drip irrigation

the formula of A.N. Kostyakov'. Irrigation rates,
taking into account the peculiarities of drip ir-
rigation, were determined according to the
equation of I.P. Kruzhilin, E.A. Khodyakov et
al.? Water consumption coefficient, water con-
sumption for formation of one ton of yield (Kv,
m?/t) was calculated according to the formula of
AN. Kostyakov?. Mineral fertilizers were cal-
culated using the balance method of nutrient re-
placement according to the method of V.I. Filin*.
Weediness of the crop was taken into account in
the phase of 2-3 leaves by the method of pro-
jective coverage according to the recommended
method of G.F. Nikitenko®.

In the fight against weeds, soil herbicide
Stomp was used without incorporation into the
soil at a dose of 6.0 liters/ha, dissolved in 200
liters of water. A tank mixture of herbicides
Cambio (2.5 1/ha) + Topik (0.5 I/ha) dissolved in
the recommended volume of water was applied
against single and dicotyledonous weeds in the
phase of 2-3 leaves of rice.

Mineral fertilizers were applied to the
planned yield of 5 t/ha on the soybean forecrop —
NP,K,, on the potato and rice forecrop —
N,.P K ., according to the methodological rec-
ommendations.

The seeding rate of rice plants was 5 million
germinated seeds/ha.

1 Kostyakov A.N. Fundamentals of land reclamation. Moscow: Selkhozgiz, 1960, 621 p.

2 Patent No. 2204241 of the Russian Federation. Method of determination of irrigation rates at drip irrigation of tomatoes / I.P.
Kruzhilin, E.A. Khodiakov, Y.I. Kruzhilin, A.M. Saldaev, A.V. Galda. 20.05.2003.

3 Kostyakov A.N. Selected works. Moscow: Selkhozgiz, 1961, vol. 1, 2, 807 p., 743 p.
4 Filin V1. Reference book on crop production with the basics of yield programming. Volgograd: VGSKhA, 1994, 274 p.
5 Nikitenko G.F. Experimental work in field farming. Moscow: Rosselhozizizdat, 1982, 190 p.
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RESULTS AND DISCUSSION

It is important to note that the studied fore-
crops did not have a noticeable effect on the
change in the numerical value of the irrigation
rate, which, according to the research data, re-
mained constant throughout one growing sea-
son. However, the forecrops had varying effects
on the contribution of soil moisture to meeting
the water requirements of rice. This means that
rice plants use soil moisture differently depend-
ing on the forecrop. For instance, the maximum
difference between the water reserves in the
0.4-meter soil layer before rice sowing and the
water reserves in the soil before harvesting was
observed in the variant with soybean as the fore-
crop.

Over the three-year period, the total water
consumption of rice under different forecrops
ranged from 5,510 to 5,885 m*ha. The maxi-
mum irrigation water requirement was observed
for rice plants following the soybean forecrop,
averaging 5,835 m’/ha. The lowest water con-
sumption was recorded in the variant with rice

as the forecrop, averaging 5,570 m*/ha (see Ta-
ble 1).

As a result of observations, the composition
of the main weeds in rice crops irrigated with
periodic watering was determined. It included
the following weeds: the annual dicotyledonous
redroot pigweed (Amaranthus retroflexus L.),
the annual monocotyledonous barnyard grass
(Echinochloa crus-galli), and the perennial
root-sucker field bindweed (Convolvulus arven-
sis) (see Fig. 2).

Weed estimation before treatment with a tank
mixture of herbicides showed that the maximum
number of weeds was present in the variant with
rice following the potato forecrop (67 plants/
m?), while the number of weeds was slightly
lower in the variant with rice following the rice
forecrop (66 plants/m?). The minimum number
of weeds (48 plants/m?) was observed in the
variant with soybean as the forecrop. Fourteen
days after treating the rice crops with a tank
mixture of the herbicides Cambio and Topik, the
weed population significantly decreased across

Ta6a. 1. CymmapHoe BoomoTpebaeHne prca Mo pa3sHbIM TpeAIIeCTBEHHUKAM, M>/Ta

Table 1. Total rice water consumption for various forecrops, m*/ha

Year of research Irrigation norm Atmospheric moisture Soil moisture used by Total water consumption
used by plants plants
Soy
2018 4810 495 450 5755
2019 3970 1475 440 5885
2020 3600 1760 506 5866
Average 4127 1243 465 5835
Potato
2018 4810 495 295 5600
2019 3970 1463 293 5726
2020 3600 1758 343 5701
Average 4127 1239 310 5676
Rice
2018 4810 495 205 5510
2019 3970 1431 211 5612
2020 3600 1754 231 5585
Average 4127 1227 216 5570
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Puc. 2. CopHble pacTeHHus B IOCEBax pHuca:
@ — OITHOJICTHUI OTHOIOJIBHBIN XKOBHUK (KypHHOE 1poco) (Echinochloa crus-galli); 6 — omHONETHSIS IBYNOJIbHAS
mupuna 3anpokunyrast (Amaranthus retroflexus); 6 — MHOTOJICTHHI KOPHEOTIIPHICKOBBIN BHIOHOK MOJIEBOMA

(Convolvulus arvensis)

Fig. 2. Weed plants in rice crops:

a— annual monocotyledonous barnyard grass (prickly grass) (Echinochloa crus-galli); 6 — annual dicotyledonous
redroot amaranth (Amaranthus retroflexus); 6 — perennial sobole corn bindweed (Convolvulus arvensis)

tation across the experimental variants ranged

almost all forecrops, ranging from 1 to 2 plants/
from 4 to 9 plants/m?.

m? (see Table 2).
The application of herbicides contributed to Analysis of the data shows that the degree of
weed infestation in rice crops affects structural

a reduction in the number of weeds in the rice
crops. Before harvesting, the overall weed infes- indicators and, consequently, its productivity
(see Table 3).

Ta6a. 2. KonmnuecTBo OCHOBHBIX BHJIOB COPHSKOB B II0CEBAX pHca 10 pa3HbIM Mpe/IIeCTBEHHUKAM

C yueToM 00paboTKK repOuIIaMu (CpeTHee 1Mo roJjaM HCClIeIOBaHUH, IT./M?.)
Table 2. Number of main weed species in rice crops on different forecrops with regard to herbicide

treatment (average over the years of research, pcs. /m?)

Forecrop
soy potato rice
Be-
Weed Before 14 days fore | Before 14 days. Before Before 14 days. Before
.. after ..~ | after herbi- | har- .. after herbi-
herbicide . har- | herbicide |~ . herbicide | . har-
herbicide cide treat- | vest- cide treat- .
treatment vest- | treatment . treatment vesting
treatment ing ment ng ment
Redroot pigweed
(Amaranthus retroflexus L.) 29 0 2 45 0 4 40 0 4
Barnyard grass
(Echinochloa crus-galli) 18 0 I 20 I 4 24 0 3
Root-sucker field bmdweed 1 1 1 2 1 1 2 2 2
(Convolvulus arvensis)
Total weediness 48 1 4 67 2 5 66 2 9
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Ta6a. 3. DueMeHTHI CTPYKTYpBI ypOorKasi puca 10 Pa3HBIM MPEAIICCTBCHHUKAM (CpETHUE 3HAUSHUS 110
rojilaM UCCIIeIOBAaHUM )

Table 3. Elements of rice yield structure by different forecrops (average values by years of research)

Plant stand Main panicle Side panicle
F ;m ¥ tan Productive Grain Weight of Yield. t/h
orecrop enst yz, bushiness | Number of Grain Number of - 1000 grains, g 1eid, vha

pes./m rains, pcs. | weight rains, pcs weight per

g s p . g ” g g > p N panicle, g
Rice 248 1,5 38 1,38 31 0,52 27,5 4,92
Potato 251 1,5 39 1,39 31 0,57 28,5 5,06
Soy 253 1,6 39 1,41 32 0,68 29,8 5,09
LSD 1,06 0,02 0,02 0,09 0,02 0,06 0,04 0,07

Thus, the maximum yield (5.09 t/ha) was
achieved in the variant where rice followed the
soybean forecrop, where the total number of
weeds was the lowest compared to other fore-
crops. The plant density of rice in this forecrop
variant was 253 plants/m?, the productive tiller-
ing was 1.6, and the weight of 1000 grains was
290.8 g.

CONCLUSION

As a result of the research, the main types of
weeds infesting rice crops (barnyard grass, red-
root pigweed, and field bindweed) were iden-
tified. Their maximum number at the time of
estimation after the application of the herbicide
Stomp (6.0 L/ha) was 67 plants/m?. After treat-
ing the rice crops at the 2-3 leaf stage with a
tank mixture of the herbicides Cambio (2.5 L/
ha) + Topik (0.5 L/ha), the weed infestation de-
creased, and the total number of weeds at har-
vest ranged from 4 to 9 plants/m>.

Reduction in weed infestation in periodically
irrigated rice crops was observed in the variant
where rice followed the soybean forecrop, con-
tributing to the formation of the highest yield
(5.09 t/ha) compared to the potato and rice fore-
crops".
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Bausinne ruaporepMudecKux yCJI0BHH HA COAepKAHUE OesIKa
U He3aMEeHUMBbIX AMMHOKHCJIOT B IIIEHE MPOCa MOCEBHOT0
B Jiecoctenu Camapckoi odsiacTu

<) AnrumonoBa O.H., AutumonoB A.K.

Tlosonoicckuil HayuHO-UCCIe008aMENbCKULL UHCTIUMYM CeleKYUU U CEMEHO0B0OCBA

um. I1.H. Koncmanmunosa — ¢hunuan Camapckoeo ghedepanbHoeo ucciedo8amenbcko2o yeHmpa
Poccuiickoii akademuu nayx

Camapckas o6nactb, . Kunens, Poccust

(<De-mail: antimonovaolga@list.ru

[IpeacraBieHsl pe3yabTaTbl UCCIACIOBAHUN MO (OPMUPOBAHUIO KOJMUYECTBEHHOIO M KaueCTBEH-
HOT'O cocTaBa Oellka B IIIICHE MpOca IMOCEBHOTO Pa3HbIX COPTOB B 3aBUCHMOCTH OT METEOYCIOBHIM
B TEYCHHE BETeTALMOHHOIO MEpHoJa W OTAENbHBIX (a3 Bereranuu. VccienoBaHus NpOBEICHBI B
2018-2020 rr. B Camapckoif o61acTi Ha Tpex oOpasmax KpyIisl mpoca noceBHoro: I[ToBomkckoe 80
(cpennepannmii), Kpectbsinka u Poccusinka (cpeanecnensie). BoisiBiena koppensiuoHHas 3aBUCH-
MOCTh COJIEpKaHus Oellka U He3aMEHUMBIX aMUHOKHCIIOT MEXIy CYMMOW aKTUBHBIX TEMIIEpaTyp M
KOJIMYECTBOM OCaJIKOB. METEOpOIOrHYeCKHIE YCIOBHUS IKCIIEPUMEHTAIBHBIX TO0B MOKHO OXapaKTe-
pH30BaTh KaK HeONIAronpusITHbIC, 3aCyNUIMBBIC, C HEPABHOMEPHBIM pactpeseneHreM ocajakos (I'TK
0,52-0,54). OTMeueHa MoNOKUTENbHASI CHIIbHASL CBSA3b MEXKIY CyMMOW aKTUBHBIX TEMIIEPATyp H CO-
nepkanuem oenka (= 0,74-0,98, d = 60,8-96,0%) B (hazy BCXOZBI — OTHASI CIIETIOCTH B 3aBUCUMOCTH
ot copra. Koppensiuonnas cBs3b KOJIMYECTBA OCAIKOB C COIEpKaHUEM Oelika MoKazaja CHUIIBbHYIO
OTPHIIATEIBHYIO CBA3h Ha Beex coprax (»=-0,70 ... 0,99, d =49,0-96,0%). IloBIIeHHbII TEMITEpA-
TYPHBIH PEKUM U JePULUT OCAAKOB CIIOCOOCTBOBAIIN YBEJIIMUECHHUIO ITPOLICHTHOTO COACP)KaHMsI OerKa
B TIIIEHE MPOCca U3y4aeMbIX cOpTOB. [TOHMKEHUE TEMIIEPaTyPHOTO PeXXUMa U YBEIHYCHUE OCAJIKOB
BBI3BIBAIOT CHI)KEHHE HAaKOTUIeH!s Oeiika. [lepBoii JepUIMTHOMN JIMMUTHPYIOIIEH aMUHOKHCIOTOM, 110
KOTOPO# OIICHUBAIOT OMOJIOTUYECKYIO IIEHHOCTh OeJIKa, SIBISICTCS JIM3MH ¢ HAUBBICIIHM MTOKa3aTelieM
20,75% y copra lloBomxkckoe 80. Ha yBenndenue copepixaHus JU3MHA Y BCEX M3y4aeMbIX COPTOB
3HAUUTEJIBHOE BIMSHIE OKA3hIBACT TEMIIEPATYPHBIA PEKUM HIOJS B (pa3e KylIeHUEe — BHIMEThIBAHUE
(r=10,73-0,99).

KarwueBbie ciioBa: npoco nocesHoe, 0ok, OnoIoruyeckas IIeHHOCTh, aMUHOKUCIIOTBI, KOppe-
JSIIMS, TIOTOAHBIC YCIOBUS

Influence of hydrothermal conditions on the content
of protein and essential amino acids in common millet
in the forest-steppe of the Samara region

C<)Antimonova O.N., Antimonov A.K.

Povolzhsky Scientific Research Institute of Selection and Seed Growing named

after PN. Konstantinov — Branch of Samara Federal Research Scientific Center RAS
Kinel, Samara region, Russia

(<) e-mail: antimonovaolga@list.ru

The results of the studies on the formation of quantitative and qualitative composition of protein
in millet of different varieties depending on meteorological conditions during the growing season and
separate phases of vegetation are presented. The research was conducted in 2018-2020 in the Samara
region on three samples of common millet groats: Povolzhskoe 80 (middle-early), Krestyanka and
Rossiyanka (medium-maturing). Correlation dependence of protein and essential amino acids content
between the sum of active temperatures and precipitation was revealed. Meteorological conditions
of the experimental years can be characterized as unfavorable, arid, with uneven distribution of pre-
cipitation (HTC 0.52-0.54). A positive strong relationship was observed between the sum of active
temperatures and protein content (» = 0.74-0.98, d = 60.8-96.0%) in the phase of sprouting — full ripe-
ness depending on the variety. The correlation of precipitation with protein content showed a strong
negative relationship on all the varieties (r =-0,70 ... —0.99, d = 49,0-96,0 %). Increased temperature
regime and precipitation deficit contributed to the increase in the percentage of protein content in mil-
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let groats of the studied varieties. Lower temperatures and increased precipitation cause a decrease in
protein accumulation. The first deficient limiting amino acid, by which the biological value of protein
is estimated, is lysine with the highest value of 20.75% in the variety Povolzhskoe 80. The increase in
lysine content in all the studied varieties is significantly influenced by the temperature regime in July
in the phase of tillering — ear formation (» = 0,73-0,99).

Keywords: common millet, protein, biological value, amino acids, correlation, weather conditions
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INTRODUCTION

Common millet (Panicum miliaceum) is a
heat-loving crop known for its high tolerance to
elevated temperatures and lack of precipitation.
However, despite its drought resistance and heat
tolerance, the dependence of yield and nutrition-
al value of the grain on hydrothermal conditions
remains quite high, especially during certain
periods of the growing season! [1, 2]. Millet is
a valuable cereal, food, and fodder crop. Tradi-
tional food products and beverages made from
millet are widely produced and consumed by
people in Africa, India, China, Eastern Europe,
and Eurasia. Millet is used to prepare porridges,
flatbreads, and both non-alcoholic and alcoholic
beverages [3, 4].

Protein content and amino acid composition
are the primary qualitative characteristics of
millet, providing critical reference values for
food processing, market grading, and varietal
selection. Therefore, it is important to establish
a comprehensive grain quality evaluation frame-
work based on protein content and amino acid
composition, as influenced by different weather
conditions [5, 6].

Amino acids are the end product of protein
breakdown in the digestive tract. They play a
crucial role in metabolism, and many of them
serve as activators of enzymes and vitamins
[7, 8].

The proteins of common millet are not con-
sidered high biological value proteins, but when
combined with legumes, they create an easily
digestible, complete protein rich in nutrients [9,
10].

An optimal balance of amino acids in the diet
is essential for proper growth, development, and
health in both humans and animals [11]. There-
fore, a database on the amino acid composition
of food products is highly necessary to facilitate
the formulation of animal diets and the manage-
ment of balanced food consumption for humans
[12, 13].

The purpose of the study is to investigate the
influence of hydrothermal conditions on the pro-
tein content and essential amino acids in com-
mon millet grain, depending on the hydrother-
mal conditions of the Samara region.

Objectives of the study are to:

— analyze weather conditions during the
growing season of millet of each variety;

— reveal correlation dependence of protein
and essential amino acids content between the
sum of active temperatures and the amount of
precipitation;

— identify adaptive varieties that form high
levels of protein and essential amino acids
(EAAS) during years with extreme weather con-
ditions.

\Surkov A.Yu., Surkova I V. Formation of millet yield and its elements depending on hydrothermal conditions // Bulletin of the

Kursk State Agricultural Academy, 2018, N 5, pp. 18-23.
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MATERIAL AND METHODS

Scientific research was conducted from 2018
to 2020 in the Laboratory of Breeding and Seed
Production of Cereal and Sorghum Crops at the
Povolzhsky Scientific Research Institute of Se-
lection and Seed Growing named after P.N. Kon-
stantinov, Branch of Samara Federal Research
Scientific Center RAS. The studies were carried
out on samples of common millet grain of the
varieties Povolzhskoe 80 (mid-early), Krestyan-
ka, and Rossiyanka (mid-season).

Field experiments were conducted in accor-
dance with the methodology®. The total plot
area was 25 m?, the sampling area was 23 m?,
with four replications. The forecrop was spring
barley. The seeding rate was 3.0 million seeds
per hectare. Agricultural practices followed the
standard practices of the region.

The analysis of protein content in millet was
carried out using the InfraLUM FT infrared
analyzer. The composition of essential amino
acids—Ilysine, valine, leucine and isoleucine
(combined), methionine, threonine, phenylal-
anine, and tryptophan—was determined using
capillary electrophoresis with the Kapel 105M
system.

Meteorological data were obtained from
the meteorological station of the Samara State
Agrarian University (Samara region, Ust-Ki-
nelsky settlement). Among the meteorological
factors, the following were analyzed: the sum of
active air temperatures by growth phases of the
varieties and over the growing season of each
studied variety; total amount of precipitation and
the hydrothermal coefficient (HTC)? of G.T. Sel-
yaninov over the growing season of each studied
variety.

The hydrothermal coefficient was determined
by the formula

2R

HTC = 010> 100 °

where ZR — the sum of precipitation in millime-
ters for the period with air temperatures higher
than 10 °C; £t — the sum of temperatures in de-
grees for the same time.

The biological value of protein in groats of
millet was determined by the amino acid scoring
method, where the amino acid scale of the World
Health Organization and the United Nations
Food Committee (FAO/WHO scale) is used as
an ideal amino acid scale. Calculation of amino
acid scoring was carried out by the formula

Amino-acid score =

mg AAin 1 g of the tested protein

= 0
~  mgAAin 1 g of ideal protein % 100%.

The results of the experiment were processed
by statistical correlation analyses according to
B.A. Dospekhov* using the Microsoft Exel com-
puter program.

RESULTS AND DISCUSSION

Meteorological conditions of the experimen-
tal years can be characterized as unfavorable,
dry, with uneven distribution of precipitation
(HTC 0.5-0.54). On average, during the grow-
ing season in the variety Povolzhskoe 80 HTC
amounted to 0.54 units, Krestyanka —0.53, Ros-
siyanka — 0.52 units. The coefficients of variation
were high — 25.7; 26.7 and 23.6%, respectively,
which indicates an uneven amount of precipita-
tion input (see Table 1).

For the formation of full ripeness of grain
(for 77 days) the sum of active temperatures for
the early variety Povolzhskoe 80 required on
average 1701.1 °C. For medium-ripening vari-
ety Krestyanka (80.3 days) and late-ripening
variety Rossiyanka (83.3 days) slightly more —
1755.3 and 1795.9 °C respectively. The variation
of the sum of active temperatures in the years
of research among the varieties was low, with-
in 2.2-2.9%. Depending on the lengthening of
the vegetation period of the varieties of different

“Methodology of state variety testing of agricultural crops. Moscow: State Variety Testing Commission, 2019, 329 p.
3Selyaninov G.T. Methodology of agricultural characterization of climate / World agroclimatic reference book, Moscow, 1977,

220 p.

‘Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Agro-

promizdat, 1985, 351 p.
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Taoda. 1. ['uaporepmuyeckue mokasaTenau B pa3Hble (a3bl BETeTalllu COPTOB IPOca U coJeprkaHue Oerka

B mueHe (cpennee 3a 2018-2020 rr.), %

Table. Hydrothermal parameters in different vegetation phases of common millet varieties and protein

content in millet (average for 2018-2020), %

Opﬁon\s’*?ciggﬁ(t’?gﬁs) ®) Povolzhskoe 80 | CV,% | Krestyanka | CV,%| Rossiyanka | CV,%
Protein, % 10,8 £0,4 5,6 10,7+ 0,3 4,7 11,6 +£0,3 4.4
Sum of active temperatures, °C 1701,1 +£43,3 2,3 1755,3 £ 28,6 2,9 1795,9 +£45,4 2,2
Sprouting - tillering 266,7 + 51,1 19,2 266,7 + 51,1 19,2 | 266,7+51,1 19,2
Tillering — ear formation 4953 +51,1 7,6 576,6 27,2 4,7 622,8 + 46,4 2,5
Ear formation — full maturity 939,0 +£37,5 4.6 912,0£ 16,0 1,8 906,3 £ 31,5 7,5
Amount of precipitation, mm 92,7+12,3 23,0 92,7123 23,0 93,6 £ 11,5 21,2
Vegetation period 77,0+ 1,0 2,2 80,3+ 1,7 3,6 83,3+2,1 4.5
HTC 0,54 25,7 0,53 26,7 0,52 23,6

LSD, = 10,9 (unreliable)
LSD, ,, = 16,7 (reliable)
LSD,  =29,0 (reliable)

total.

ripeness groups, the sums of active temperatures
tended to increase on average over the years.
Protein content in groats of millet of differ-
ent varieties during the years of research varied
insignificantly (with its average content in the
varieties Volga 80 10.8 + 0.4% and Krestyan-
ka 10.7 £ 0.3%), fluctuated within the range

2020

2019

2018

95 10,0

B Povolzhskoe

W Krestyanka

of 10.2-11.4%, respectively. The coefficient of
variation (CV) amounted to 5.6-4.7% (see the
figure, Table 1).

In the late variety Rossiyanka with an aver-
age protein content of 11.6 + 0.3% by years it
varied from 11.0 to 11.9% with a low coefficient
of variation of 4.4%. Such a low percentage of

11,8

>

10,5 11,0 11,5

>

12,0

B Rossivanka 80

Huarpamma cozxepkanus O0enka B 3epHe rpoca pasHsix coptos 3a 2018-2020 rr., %
Diagram of protein content in millet grain of different varieties for 2018-2020, %
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CV shows the annually stable protein formation
even against the background of uneven distribu-
tion of weather conditions during the growing
season of millet varieties.

All varieties showed an increase in protein
content in groats at the highest temperature re-
gime in 2019 with reduced precipitation. This
indicates that high temperature background as
well as low precipitation favors high expression
of quantitative indicators of protein in millet
groats compared to more favorable weather con-
ditions during the growing season (2018, 2020)
(see the figure, Table 2).

The influence of meteorological factors on
protein content in groats of millet of different
varieties shows the correlation analysis dis-
played in Table 3.

If during vegetation the studied varieties re-
acted differently to the sum of active tempera-
tures in different phases of vegetation, then in
general for the period of sprouting - full ripe-
ness all varieties showed high reliable correla-
tion with the coefficient of determination 54.8—

98.0%, attributable to the share of heat availabil-
ity of plants. However, it should be taken into
account that the quantitative level of protein in
millet groats depends not only on meteorologi-
cal factors, but also on many other factors, in-
cluding varietal characteristics, agrotechnical,
soil-climatic zones, etc.

Analysis of contrasting hydrothermal con-
ditions during the main growth phases of com-
mon millet also revealed some features of the
amino acid composition of millet grain protein
in varieties with different maturation periods.
During the growing season (sprouting to com-
plete ripeness), the highest content of threonine,
methionine, valine, leucine + isoleucine, and
phenylalanine under elevated temperature con-
ditions and precipitation deficit was observed
in the middle-early variety Povolzhskoe 80, as
confirmed by the correlation coefficients (r =
0.43-0.99). Similar conditions during this pe-
riod are required for high levels of lysine and
phenylalanine in the variety Krestyanka (r =
0.65 and 0.86, respectively). In more favorable

Taoa. 2. Conepxanue He3aMmeHMMbIX aMuHOKHCIOT (HAK) B kpyre mpoca moceBHOTO pa3HbIX COPTOB

(2018-2020 rr.), T/KT

Table. 2. Content of essential amino acids (EAA) in millet groats of different varieties (2018-2020), g/kg

Sum of Amount EAAs
active of
tem- . Leuci
Y - . eucine .
. pera- ﬁ;etil)r:l Lysine Thre- | Methi- | v 16 |+ Isole- Phenyl- Tripto- | gum Average | CV, %
tures, ) onine onine ucine | alanine phane
o mm
Povolzhskoe 80
2018 |1676,4| 97,6 1,3 2,1 2,2 3,6 12,3 3,6 0,6 25,7
2019 | 1779,9 | 69,3 1,2 23 3,7 4,3 12,2 4,2 0,9 28,8 26,1 9,93
2020 | 1646,9 | 111,1 1,2 2,0 1,8 4,2 9,6 3,9 1,1 23,8
Krestyanka
2018 | 1754,9| 97,6 1,2 23 2,1 3,6 12,0 3,5 1,1 25,8
2019 | 1814,7| 69,3 1,1 1,5 2,0 34 9,9 3,5 0,9 22,3 22,6 | 13,8
2020 |1696,3 | 111,1 0,9 1,1 2,5 3,5 7,5 3,0 1,1 19,6
Rossiyanka
2018 | 1793,5| 97,7 1,5 2,6 2,3 4,5 15,8 4,2 0,6 31,5
2019 | 18424 | 72,0 0,9 1,7 1,7 33 10,3 3,7 1,0 22,6 26,5 | 24,4
2020 | 1751,7 | 111,1 1,2 2,4 3,2 4,0 9,9 3,5 1,1 25,3

52 Siberian Herald of Agricultural Science » 2024 * 54 « 10

Plant growing and breeding



BuusiHne ruApOTEpPMUYECKUX yCIOBUI Ha CofeprkaHne Oeka
1 HE3aMEHHMbBIX aMUHOKHCIIOT B IIIEHE IPOca MOCEBHOTO
B stecoctenu Camapckoit obmacti

Antumonosa O.H., Autumonos A K.

Taoa. 3. KoaddunmenTs! Koppesinun Mex1y CyMMON aKTUBHBIX TEMIIEPATYP U COJepKaHueM OeJKka B

KpYIIE COPTOB MPOCa ITOCEBHOTO 110 OCHOBHBIM (pa3aM pa3BUTHSI

Table. 3. Indicators of correlation coefficients between the sum of active temperatures and the content of
protein in the groats of millet varieties by the main phases of development

. Povolzhskoe 80 Krestyanka Rossiyanka
Indicator
r | d r | d r | d
Sprouting - tillering
Protein 0,77 59,3 0,97 94,1 0,56 314
Lysine -0,34 11,6 0,36 13,0 -0,77 59,3
Threonine 0,99 98,0 -0,02 0 -0,93 86,5
Methionine 0,99 98,0 -0,78 60,8 -0,89 79,2
Valine 0,46 21,2 -0,77 59,3 -0,82 67,2
Leucine + isoleucine 0,61 37,2 0,21 4.4 -0,28 7,8
Phenylalanine 0,77 59,3 0,64 41,0 -0,07 0
Triptophane -0,06 0 -0,98 96,0 0,16 2,6
Tillering — ear formation
Protein -0,80 64,0 -0,16 2,6 0,20 4,0
Lysine 0,99* 98,0 0,73 53,3 0,99* 98,0
Threonine -0,06 0 0,93 86,5 0,92 84,6
Methionine -0,19 3,6 -0,28 7,8 0,30 9,0
Valine -0,97 94,1 0,89 79,2 0,98 96,0
Leucine + isoleucine 0,63 39,7 0,81 65,6 0,88 77,4
Phenylalanine -0,80 64,0 0,46 21,2 0,76 57,8
Triptophane -0,96 92,2 0,54 29,2 -0,82 67,2
Ear formation — full maturity
Protein 0,98* 96,0 0,85% 72,3 —-0,08 0
Lysine -0,95 90,3 0,03 0 -0,99 98,0
Threonine 0,49 24,0 -0,34 11,6 -0,96 92,2
Methionine 0,60 36,0 -0,53 28,1 -0,42 17,6
Valine 0,98 96,0 -0,93 86,5 -0,99 98,0
Leucine + isoleucine -0,23 5,29 -0,12 14,4 -0,82 67,2
Phenylalanine 0,98 96,0 0,36 13,0 —0,68 46,2
Triptophane 0,75 56,3 -0,99 98,0 0,74 54,8
Sprouting - full maturity
Protein 0,74 54,8 0,99 98,0 0,78 60,8
Lysine -0,31 9,6 0,65 42,3 -0,54 29,2
Threonine 0,99* 98,0 0,32 10,2 -0,77 59,3
Methionine 0,99* 98,0 -0,94 88,4 -0,99 98,0
Valine 0,43 18,5 -0,51 26,0 -0,62 38,4
Leucine + isoleucine 0,65 42,3 0,53 28,1 0,02 0
Phenylalanine 0,74 54,8 0,86* 74,0 0,23 5,3
Triptophane -0,10 1,0 -0,87 75,7 -0,14 2,0
Protein -0,70 49,0 —0,99* 98,0 -0,70 49,0
Lysine 0,20 4,0 -0,49 24,1 0,65 42,3
Threonine —-0,99* 98,0 -0,12 14,4 0,85 72,3
Methionine -0,99 98,0 0,86 74,0 0,96 92,2
Valine -0,33 10,9 0,66 43,6 0,71 50,4
Leucine + isoleucine -0,73 53,3 -0,35 12,3 0,12 1,4
Phenylalanine -0,66 43,6 -0,74 54,8 -0,10 0
Triptophane 0,21 441 0,95 90,3 0,01 0
*Reliable at p < 0,05..
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weather years, these indicators decrease. A weak
to strong inverse correlation and a weak direct
correlation during the emergence to full maturity
period were observed in the medium-maturing
variety Rossiyanka for all essential amino acids.
Significant influence on the accumulation of all
essential amino acids (EAAs) was exerted by the
temperature regime only during the tillering to
heading phase ( = 0.30-0.99) (see Tables 2—4).

It was experimentally revealed that the in-
crease in lysine content in all studied varieties
is significantly influenced by the temperature re-
gime of July in the phase of tillering — sprouting
(r = 0.73— 0.99), at the rest of the time it needs
more precipitation.

The content of essential amino acids in pro-
tein is used to calculate the amino acid score,
which characterizes the biological value of pro-
tein [14]. In the reference protein it is equal to

100%. If the amino acid score exceeds 100%,
the amino acid is in excess, if it is less than
100%, it is in deficiency [15]. The amino acid
with the lowest score is considered to be the first
limiting amino acid, which is used to determine
the biological value of protein. In our studies,
all amino acids are limiting, except phenylala-
nine in the variety Povolzhskoe 80, the score of
which exceeds the reference values by 3.37%.
The first deficient limiting amino acid is lysine,
which varies in the range of 18,31 —20,75% (see
Table 5).

The medium-early variety Povolzhskoe
80 showed a tendency to accumulate a great-
er amount of the limiting amino acid lysine
(20.75%), which is probably due to its early
maturity, adaptability to increased temperature
regime with acute precipitation deficit during
the growing season. However, it should be noted

Ta6a. 4. KoaQpuueHTsr KOppemsaIuu Mex/Iy KOIMYeCTBOM OCaJIKOB U cojiepikanueM Oenka u HAK

B KpYIIC COPTOB MpPOCa MMOCCBHOI'O 3a NMEPUOA BCXOAbI —

IIOJIHas CIICJIOCTDb

Table. 4. Indicators of correlation coefficients between the amount of precipitation and the content of
protein and EAA in the groats of millet varieties for the period "germination — full ripeness"

Variety / Povolzhskoe 80 Krestyanka Rossiyanka

growth phase . d B P . J
Protein -0,70 49,0 —0,99%* 98,0 -0,70 49,0
Lysine 0,20 4,0 0,49 24,1 0,65 423
Threonine —-0,99%* 98,0 -0,12 14,4 0,85 72,3
Methionine -0,99 98,0 0,86 74,0 0,96 92,2
Valine -0,33 10,9 0,66 43,6 0,71 50,4
Leucine + isoleucine -0,73 53,3 -0,35 12,3 0,12 1,4
Phenylalanine 0,66 43,6 -0,74 54,8 -0,10 0
Triptophane 0,21 441 0,95 90,3 0,01 0
Ta6a. 5. buonornyueckas EeHHOCTH OeKa KPYTIBI Mpoca M0 AMHHOKHUCIIOTHOMY CKOPY, %
Table 5. Biological value of millet groats protein by amino acid score, %

Variety Lysine Threonine Methionine Valine Feucinf: B Phenylalanine | Triptophane
isoleucine

Povolzhskoe 80 20,75* 49,40 99,33 74,76 95,88 103,37 80,70
Krestyanka 18,31* 38,33 86,25 65,86 83,81 89,51 96,90
Rossiyanka 18,87* 51,90 86,50 67,98 94,36 93,91 71,70

* The first limiting amino acid.
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that the correlation analysis of the influence of
hydrothermal conditions on the content of pro-
tein and essential amino acids in groats of mil-
let does not provide a complete explanation of
cause-and-effect relationships, but only provides
an understanding of their strength and form of
interaction, and makes it possible to analyze the
results of research.

CONCLUSIONS

1.  Meteorological conditions of the exper-
imental years can be characterized as unfavor-
able, arid, with uneven distribution of precipita-
tion (HTC 0.52-0.54).

2. It was revealed that high temperature
background and low precipitation contribute to
the increase of protein in millet groats of all stud-
ied varieties during the growing season. A direct
strong relationship between the sum of active
temperatures and protein content (» = 0.74-0.98,
d = 60.8-96.0 %) in the phase of sprouting - full
ripeness depending on the variety has been es-
tablished.

3. Decrease in temperature regime and in-
crease in precipitation contribute to the decrease
in protein accumulation. Correlation of precipi-
tation with protein content showed a strong neg-
ative relationship in all varieties (r = —0,70 ...
0,99, d = 49,0-96,0%).

4. Strong and average influence of air tem-
perature on more intensive formation of EAA in
separate phases of vegetation of common millet
varieties was revealed. In the period of sprout-
ing — tillering in the variety Volga 80 — threonine
and methionine (» = 0.99), leucine + isoleucine
(r = 0.61), phenylalanine (» = 0.77); in the va-
riety Krestyanka — phenylalanine (» = 0.64). In
the period of tillering — sprouting in the variety
Volga 80 — lysine (» = 0.99), leucine + isoleu-
cine (» = 0.63); in the variety Krestyanka — ly-
sine (r = 0.73), threonine (» = 0.93), valine (» =
0.89), tryptophan (r = 0.54); in the variety Ros-
siyanka — lysine (» = 0.99), threonine (» = 0.92),
valine (» = 0.98), leucine + isoleucine (» = 0.88),
phenylalanine (» = 0.76). In the period of ear for-
mation — full ripeness in the variety Volga 80 —
methionine (» = 0.60), valine (» = 0.98); in the

variety Krestyanka — lysine (» = 0.73), threonine
(r = 0.93), valine and phenylalanine (» = 0.98),
tryptophan ( = 0.75); in the variety Rossiyan-
ka — tryptophan (r = 0.74).

5. The first deficient limiting amino acid,
by which the biological value of protein is esti-
mated, is lysine with the highest index (20.75%)
in the variety Povolzhskoe 80. The increase in
lysine content in all the studied varieties is sig-
nificantly influenced by the temperature regime
in July in the phase of tillering — sprouting (» =
0,73-0,99).
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N3yuyeHnue BIAMSIHUSI OPraHOMUHEPAJIBLHOIO Y100peHus
HA YCTOWYHUBOCTD sI0JIOHH K BECEHHUM 3aMOPO3KaM

XD Osxkepennvena 3.E., [Ipynauxos I1.C., Ctynuna A.1O., Boarosa A.O.
Bcepoccuiickuii nayuno-ucciedogamenbCKutl UHCMUmMym celeKyuu nio008ulx KVibmyp
OpioBckas o6macTh, A. JXKununa, Poccus

(<XDe-mail: ozherelieva@orel.vniispk.ru

B crarpe mpencTaBieHbl pe3ylbTaThl HCIBITAHUS HOBOTO TIperapara — MPUPOIHBINA pacTUTEbHBIN
xomiuieke ([1PK) «bensrit XKXemuyr Yausepcanbubiii Antudpus» (BXY Antudpus). Lens nccneno-
BaHUW — M3YUHUTh BIHMSIHAE OPraHOMUHEPAIBLHOIO YA0OpeHHs Ha (U3UO0IOT0-OMOXMMUYECKHE TTOKa-
3aTeN yCTOWYMBOCTH SI0JOHM K BECEHHHM 3aMOpo3kaM. OOBEKTOM HCCIEIOBAaHUH CITyKaT SO0JOHH
copra CHuHAI OpJIOBCKUN U3 OMOpECypCHON KOJUIEKITUH BcepoCcCHiicKoro HayYHO-HUCCIIeI0BATEbCKO-
IO MHCTUTYTA CEJICKIIUU TUIOMOBEIX KyJIbTyp. OTBIT 3aJI0’KEH B TpeX BapuaHTax: 1 — KOHTpoih (0e3
00pabotkmu); 2 — HekopHeBast 00padoTka 1%-M pactBopom [TPK «BXXY Antudpus»; 3 — HeKopHEBas
obpabotka 3%-M pactBopom [IPK «bXXY Antudpus». B kaximom Bapuante Tpu MOBTOPHOCTH, IO
ISITh YYETHBIX JIEPEBBEB. B pe3ynbrare AByXJIETHUX UCCIICIOBAHUI BBISIBUIIM, YTO TPEXKpaTHast oOpa-
ootka 1%-m u 3%-m pactBopamu npenapara [IPK «BXXY Antnudpus» noBeicuia B MI0A0BBIX TTOYKaX
YpOBEHb CBsI3aHHOH BOjbI Ha 9,8 u 3,8% Ha (oHe yBenuueHUs caxapo3bl Ha 32,3% 10 CpaBHEHHUIO
C KOHTPOJIEM, UTO, TPEAIIONIOKUTEIHHO, Oy/IET MIPENOXPaHATh PACTUTENBHBIE KIETKH OT 3aMEp3aHus
B TIEpHOJl BECEHHUX 3aMOpo3KoB. [Ipn 3ToM mokazano, uro odpadoTka npenaparom [1PK «BXY An-
TU(PHU3», BEPOSTHO, CIIOCOOCTBOBAJIA YCKOPSHHUIO OMOCHHTE3a U TPAHCIIOPTA MTPOJIMHA B PACITyCKAF0-
muecs mionosble nouku. [locne Tpexkparnoii 06padorku 1%-m u 3%-M pacTBOpaMu mpenapara ypo-
BEHb MposinHa yMeHbImmiIcs B 8,0 u 9,2 pa3a cOOTBETCTBEHHO, B KOHTpoJe — B 7,8 paza. Kpome Toro,
OoTMeYeHO noJjoxuTenabHoe BausHue npenapara [IPK «bXY Antudpus» Ha ycTOMUNBOCTH I[BETKOB
1 OYTOHOB SIOJIOHM KakK B JJaOOPATOPHBIX, TaK U B MOJIEBBIX YCIOBUAX. Takum o0pa3oM, IPUMECHEHHE
npemnapara [IPK «bXXY Artudpus» mo3BosnseT MoBBICUTh YCTOWIHMBOCTh PACTEHUH K HU3KOTEMITEpa-
TypHOMY CTPECCY B BECEHHUHU TEPHOJ 32 CYET ONTHUMH3AIMH BOJHOTO PEXHMA U YIyUIICHUS yTye-
BOJHO-0EJTKOBOTO OOMEHa.

KaroueBsie cioBa: s6mons1, CuHan opiaoBckuii, HekopHeBast oopadotka, [TPK «BXY Antudpusy,
YCTOMYMBOCTH K BECEHHHM 3aMOPO3KaM

Study of the effect of organomineral fertilizer on the resistance
of apple trees to spring frosts

<D Ozherelieva Z.E., Prudnikov P.S., Stupina A.Yu., Bolgova A.O.
Russian Research Institute of Fruit Crop Breeding

Zhilina village, Orel region, Russia

(<De-mail: ozherelieva@orel.vniispk.ru

The article presents the results of a new preparation test — natural plant complex (NPC) "White
Pearl Universal Antifreeze" (WPU Antifreeze). The purpose of the research was to study the effect
of organomineral fertilizer on physiological and biochemical indicators of apple tree resistance to
spring frosts. The object of research is apple trees of the Sinap Orlovsky variety from the bioresource
collection of the Russian Research Institute of Fruit Crop Breeding. The experiment was laid in three
variants: 1 — control (no treatment); 2 — foliar treatment with 1% solution of the NPC "WPU Anti-
freeze"; 3 — foliar treatment with 3% solution of the NPC "WPU Antifreeze". There are three replica-
tions, with five record trees in each variant. Two-year studies revealed that three-fold treatment with
1 and 3% solutions of the NPC "WPU Antifreeze" preparation increased the level of bound water in
the fruit buds by 9.8 and 3.8% against the background of sucrose increase by 32.3% compared to the
control, which presumably protects plant cells from freezing during spring frosts. At the same time, it
is shown that treatment with the NPC "WPU Antifreeze" preparation probably promoted acceleration
of proline biosynthesis and transport into the budding fruit buds. After threefold treatment with 1 and
3% solutions of the drug, the level of proline decreased 8.0 and 9.2 times, respectively, in the control
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H3yuenue BANSHUS OPraHOMHHEPAIBLHOTO yI0OpeHUs
Ha YCTONYHMBOCTD SIOJIOHU K BECCHHHM 3aMOPO3KaM

Osxepenbesa 3.E., [Ipyauukos [1.C., Ctynuna A.1O., bonrosa A.O.

by 7.8 times. In addition, the positive effect of the preparation NPC "WPU Antifreeze" on the stability
of flowers and buds of apple trees both in laboratory and field conditions was noted. Thus, the applica-
tion of the preparation NPC "WPU Antifreeze" allows increasing plant resistance to low-temperature
stress in spring due to optimization of the water regime and improvement of carbohydrate-protein

metabolism.

Keywords: apple, ‘Sinap Orlovsky’, foliar treatment, NPC "WPU Antifreeze", resistance to spring frosts
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INTRODUCTION

One of the reasons for the decline in the yield
of fruit crops, particularly apple trees, is the dam-
age to flowers and buds caused by spring frosts
[1-3]. In the central fruit-growing zone of Rus-
sia, there is a trend of worsening weather con-
ditions during the flowering period of orchard
crops. In the Oryol region, during the flowering
period of apple trees, low positive temperatures
and morning frosts are observed almost every
year. For example, in May 1999, a frost of -3 °C
was recorded; in 2000 and 2017, the air tempera-
ture dropped to —2 °C, which severely damaged
the flowers of most apple varieties.

One of the most promising methods for in-
creasing the resistance of agricultural plants
to adverse environmental factors is the use of
preparations of various origins [4—7]. These in-
clude organic and inorganic compounds that, in
small doses, stimulate physiological and bio-
chemical processes, thereby altering the me-
tabolism in plants by improving the availability
and assimilation of nutrients [8—14]. A priority
in this regard is the use of adaptogenic prepara-
tions, whose effects are associated not only with
increased yield but also with enhanced plant re-

sistance to abiotic factors. Therefore, there is a
need for research aimed at improving the resis-
tance of apple trees to spring frosts through the
use of a new adaptogenic preparation, “White
Pearl Universal Antifreeze*.

The purpose of the research was to study the
effect of organomineral fertilizer “White Pearl
Universal Antifreeze” on physiological and bio-
chemical indicators of apple tree resistance to
spring frosts.

MATERIAL AND METHODS

In 2023 and 2024 tests of natural plant com-
plex (NPC) “White Pearl Universal Antifreeze”
(WPU Antifreeze) (OOO “Group of Companies
AgroPlus”, Russia) were conducted.

This preparation is a suspension of a group of
minerals of natural origin with the addition of a
concentrate of extracts of spruce, pine and Sibe-
rian fir needles. The complex includes: mineral
elements (SiO, - 5,6%, N — 2,0-6,0, K.O —
1,0, CaO - 0,5, MgO - 0,7, B — 0,013, Zn —
0,015, Mo - 0,02, ALO, - 0,16%), vitamins A
(carotene, lutein), D (phytosterins), E, K, B, B,,
B,, PP, H, essential oils, chlorophyll, flavonoids,
sugars, proteins, amino acids.
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The experiment was laid in three variants on
a plot with dark gray forest soils. The object of
study — apple trees of Sinap Orlovsky' variety.
Planting year 2013, planting scheme 6 x 3 m.
In each variant there were three replications, in
each replication there were five survey trees.
The agrotechnics was the generally accepted one
for apple trees in the middle zone of horticulture.

The experiment options were:

1 — control (without treatment);

2 — foliar treatment with 1% solution of NPC
“WPU Antifreeze”;

3 — foliar treatment with 3% solution of NPC
“WPU Antifreeze”.

In the spring period, plants were treated three
times foliarly with 1% and 3% solutions of NPC
“WPU Antifreeze” in the phenophases “dormant
bud - silver cone”, “Mouse’s Eye” and “closed
inflorescence”.

To determine the fractional composition of
water, sucrose content, and proline content in the
bark of annual shoots and in fruit buds, samples
were taken 5 days after each foliar treatment
with the preparation. The fractional composition
of water was determined using the Okuntsov—
Marinchik method. The amount of bound water
was calculated based on the difference between
the total water content and the water that passed
into the solution. Sucrose content’ was deter-
mined using resorcinol reagent at a wavelength
of 520 nm. The value was calculated using a cal-
ibration curve constructed for pure sucrose on
a spectrophotometer (BioRad SmartSpec Plus,
USA). Proline content® was determined by the
reaction with ninhydrin. The amount of the ami-
no acid was calculated using a calibration curve
constructed for pure proline at a wavelength of
520 nm on a spectrophotometer.

After three foliar treatments with the experi-
mental preparation, branches with inflorescenc-
es were taken for artificial freezing in triplicate.
Each replicate included 100 flowers and buds.

'https://vniispk.ru/varieties/sinap-orlovskii

Spring frosts (—3.0 and —4.0 °C) were simulat-
ed in a climate chamber PSL-2KPH (Espec, Ja-
pan). The freezing exposure lasted 3 hours, with
a cooling rate of 1 °C per hour.

Experimental data were processed using
analysis of variance (ANOVA) with the MS Ex-
cel software package, applying Fisher's criterion
(F). The critical significance level was set at 5%.
Arithmetic mean values (M) and the standard er-
ror of the mean were calculated (= SEM).

RESULTS AND DISCUSSION

Foliar treatment with 1% and 3% solutions of
NPC “WPU Antifreeze” in early spring 2023 in-
creased by 2.3 and 2.1%, respectively, the level
of water content of the tissues of annual shoots
relative to the control. It is important to note that
the fertilizer contributed to the increase in the
free water fraction in shoots by 2.3% (1% solu-
tion) and 1.7% (3% solution), although statisti-
cally the differences between the variants were
not confirmed (see fig. 1, a).

A similar picture was observed in 2024 (see
fig. 1, 6): the level of water content of the tis-
sues of annual shoots in the same phenophase
in the trees treated with 1% and 3% solutions of
BZHU Antifreeze was higher by 5.7 and 5.0%,
respectively, compared to the control. In both
variants of the experiment, a 2.7-2.8-fold in-
crease in the proportion of free water and a 1.2-
fold decrease in bound water were recorded (see
fig. 1, 6). Presumably, the adaptogenic prepara-
tion NPC “WPU Antifreeze” contributed to the
optimization of water regime of plants and, as
a consequence, to the increase in the intensity
of metabolic processes. This conclusion is con-
firmed by the results of biochemical studies.

With the increase in the intensity of meta-
bolic processes, the treatment with 1% and 3%
solutions of the preparation carried out at the
end of April 2023 contributed to the fact that
part of bound water was transferred to a more

2Turkina M.V., Sokolova S.V. Study of membrane transport of sucrose in plant tissue // Plant Physiology, 1972, vol. 19, N 5,

pp- 912-919.

3Bates L.S., Waldren R.P.,, Teare 1.D. Rapid determination of free proline for water-stress studies // Plant and Soil, 1973, vol. 39,

pp. 205-207.
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Fig. 1. Fractional composition of water in the tissues of annual shoots in the phenophase "dormant bud —

silver cone": a —2023; 6 — 2024

mobile form. In particular, in the treated trees,
the amount of free water in the tissues of annual
shoots increased by 4.7% compared to the con-
trol (LSD, = 5.9), and the level of bound water
in fruit buds increased by 12.6 and 7.3%, respec-
tively, compared to the control (LSD = 5.4)
(see fig. 2, a).

In 2024, the free water content did not change
significantly after treatment with 1% and 3%

a

Fractional composition
of water, %

3%
solution

Bound water

1%
solution

Control (without
treatment)

solutions of the preparation. The share of bound
water in the tissues of annual shoots of the treat-
ed trees was higher by 4.7% (1% solution) and
6.8% (3% solution) relative to the control, but
the differences between the variants were not
statistically confirmed (¥ S F ). The same ten-
dency was observed in fruit buds. After foliar
treatment with 1% solution of NPC “WPU Anti-
freeze” in fruit buds of the experimental variety,

o
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«MBIIIAHOE YIIKO»: a —2023 1; 6 — 2024 .

Fig. 2. Fractional composition of water in the tissues of annual shoots and in the fruit buds in the "Mouse’s

Eye" phenophase: a —2023; 6 — 2024
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a 4.0% decrease in the free water content and
a 2.6% increase in the amount of bound water
were recorded compared to the control. In an-
other variant of the experiment (3% solution
of the preparation) the content of free water in
fruit buds decreased by 2.2%, and the amount
of bound water increased by 1.1% relative to the
control. At the same time, statistical differences
between the variants were not confirmed (F o
F) (see fig. 2, 0).

Subsequent treatments (May 2023) with 1%
and 3% solutions of NPC “WPU Antifreeze”
in the phenophase “closed inflorescence” in-
creased, respectively, 1.6 and 1.5 times the con-
tent of free water in fruit buds, and, on the con-
trary, decreased 1.3 and 1.4 times compared to
the previous phenophase. Probably, it is connect-
ed with the fact that the preparation increased
the intensity of metabolism, increasing the share
of free water in fruit buds, which plays an im-
portant role in physiological and biochemical
processes taking place in plants in spring before
the beginning of flowering. In the control, the
content of free and bound water remained at the
same level as in the “Mouse's Eye” phenophase
(see fig. 3, a).

90

Fractional composition of water, %

O Control (without 1% 3%
treatment) solution solution
Bound water (F, <F)
Free water (F, <F))

In 2024, during the “closed inflorescence
phenophase”, an increase in the amount of free
water was observed in fruit buds across all ex-
perimental variants compared to the previous
phenophase (control — by 8.2%; 1% solution
of the preparation — by 6.1%; 3% solution — by
1.8%). This is explained by the fact that plants
require free water during the flowering period,
as it determines the activity of physiological
processes in the plant organism, serving as a
universal solvent and transporter of nutrients. At
the same time, the third foliar treatment with 1%
and 3% solutions of the preparation contributed
to an increase in the content of bound water in
fruit buds by 2.0% and 9.5%, respectively, com-
pared to the second treatment. This is important
during spring frosts, as bound water has a lower
freezing point compared to free water (see fig.
3, 6). Thus, on average over two years, an in-
crease in the proportion of bound water in fruit
buds by 9.8% and 3.8% relative to the control
was observed after the application of 1% and 3%
solutions of NPC “WPU Antifreeze”.

In 2023, 1% solution (see Table 1) was the
most effective concentration of the preparation

100
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Fig. 3. Fractional composition of water in the fruit buds during the "closed inflorescence" phenophase:

a—2023;6—-2024
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for increasing sucrose levels during the pheno-
phase “dormant bud — silver cone*. For instance,
in the bark of annual shoots, the sucrose level
under the influence of the 1% solution exceeded
the control by 15%, and in fruit buds, it increased
by 19%. Treatment with the 3% solution did not
have a significant effect on sucrose levels in the
bark, while in the buds, it decreased by 2.4 times
compared to the control. During the “Mouse's
Eye” phenophase, the greatest reduction (by 3
times) in sucrose content compared to the pre-
vious phenophase was observed in the bark of
annual shoots in the variant treated with the 1%
solution of the preparation. This indicates that in
this variant, a more intensive transport of sub-
stances to the buds began in the bark of annual
shoots. After treatment with the 3% solution, the
sucrose content decreased by 1.5 times. During
the phenophase “closed inflorescence”, the su-
crose content in all tissues continued to decline.
A 1.5-fold decrease in carbohydrate content was
observed in fruit buds after foliar treatments with
the 1% solution of the preparation, which may
indicate more intensive utilization of sugars for
growth processes in this experimental variant.
In 2024, after the first treatment, the sucrose
level increased by 16.9% and 25.3% for the vari-

ants with the 1% and 3% solutions of the prepa-
ration, respectively, compared to the control (see
Table 1). After the second treatment, conducted
during the “Mouse's Eye” phenophase, the su-
crose content in the bark tissues significantly
decreased by 42.5% compared to the first treat-
ment, but only in the variant with the 3% solu-
tion of the preparation. At the same time, a max-
imum reduction (by 67%) in sucrose levels was
also observed in fruit buds, which may indicate
increased consumption of sugars as a substrate
for respiration and biosynthesis of plastic equiv-
alents necessary for growth processes. Under
the influence of the third treatment (phenophase
“closed inflorescence”) with the 1% and 3%
solutions of the preparation, the sucrose content
in fruit buds increased by 23.1% and 55.6%, re-
spectively, compared to the previous treatment
date. Moreover, the sucrose level in flower buds
in the treated variants exceeded the control by
45.5% and 27.3% (see Table 1). Thus, under the
influence of the NPC “WPU Antifreeze” prepa-
ration over two years, the sucrose content in fruit
buds increased by an average of 32.3%, which is
expected to protect plant cells from frost damage
during spring frosts.

Taoa. 1. Brusaue [TPK «BbXY AnTHdpus» Ha cofepikaHue caxapo3bl B KOpE OIHOJIETHUX MOOEToB

1 B IINIOAOBBIX ITOYKAX, MTI/T nyOfI MacCChbl

Table 1. Effect of the NPC "WPU Antifreeze" on sucrose content in the bark of annual shoots and in the

fruit buds, mg/g of dry weight

denodaza
Experiment option dormant bud - silver cone Mouse’s Eye closed inflorescence
2023 | 2024 2023 | 2024 2023 | 2024
Annual sprouts
Control
(without treatment) 2,70+ 0,10 | 0,83+0,04 | 1,16+0,05 0,76 £ 0,04 0,97 £ 0,04 0,68 £ 0,03
Solution NPC “WPU
Antifreeze”:
1% 3,10£0,12 | 0,97 +0,05 1,03 +£0,05 0,86 £ 0,04 1,00 £ 0,05 0,67 0,03
3% 2,80+ 0,11 | 1,04£0,06 | 1,30+0,06 0,73 £ 0,04 1,04 +£ 0,04 0,87 + 0,04
Fruit buds
Control
(without treatment) 0,78+0,03 | 0,18+0,01 | 0,21+0,01 0,12+0,01 0,16 £ 0,08 0,11 £0,01
Solution NPC “WPU
Antifreeze”:
1% 0,93+0,04 | 0,20£0,01 | 0,28+0,01 0,13+0,01 0,19+ 0,09 0,16 0,01
3% 0,32+0,01 | 0,15+0,01 | 0,22+0,01 0,09 £ 0,01 0,22 +£ 0,08 0,14 £ 0,01
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The intensification of the growth processes
is also evidenced by the pattern of free proline
accumulation in plant tissues and organs. For
instance, in 2023, during the phenophase “dor-
mant bud — silver cone”, the proline content in
both bark tissues and fruit buds did not differ
between the experimental variants and the con-
trol. During the “Mouse's Eye” phenophase, the
proline content in fruit buds of treated plants
increased by 9.4 times (1% solution) and 8.2
times (3% solution) compared to the phenophase
“dormant bud — silver cone”, while in the con-
trol, it increased by 7.8 times. The increase in
proline content in fruit buds is associated with
the onset of growth processes and the need for
building materials for the synthesis of protein
molecules. By the phenophase “closed inflores-
cence”, the greatest reduction in proline content
was observed in the variant with the 3% solution
of NPC “WPU Antifreeze” (by 8.3 times), while
in the variant with the 1% solution, it decreased
by 3.4 times compared to the end of April. In
contrast, in the control, this indicator decreased
by 2.5 times (see Table 2). The more intensive
reduction in amino acid content in the experi-
mental variants is likely related to active metab-

olism during growth and development, and con-
sequently, the rapid incorporation of proline into
protein molecules. As shown above, this is also
consistent with the faster utilization of sugars re-
quired for plant respiration in the experimental
variants.

In 2024, the first foliar treatment with the
1% solution of the preparation on the Sinap Or-
lovsky apple variety contributed to an increase
in free proline content by 30.6% in the bark of
annual shoots and by 46.3% in fruit buds com-
pared to the control (see Table 2). At the same
time, treatment with the 3% solution did not
have a significant effect on the level of the amino
acid in the bark of annual shoots or in the buds.
After the second treatment (the “Mouse's Eye”
phenophase), the greatest reduction in the ami-
no acid was observed in the variant with the 1%
solution of the preparation (96.7% compared to
the previous phenophase), while in the control,
the proline content decreased by 49.5%, and in
the variant treated with the 3% solution, it de-
creased by 42.4%. It is important to note that
against the background of a decrease in free
proline levels in the bark tissues across all vari-
ants, an increase in its content was recorded in

Tao6a. 2. Bmusaaue [1PK «bXY Aatudpus» Ha comepikaHne cBOOOTHOTO MPOJIHMHA B KOPE OTHOICTHHIX

MOOETOB M B IJIOJOBBIX TTOYKAX, MI/KT CBIPOH MacChI

Table 2. Effect of the NPC "WPU Antifreeze" on the free proline content in the bark of annual shoots

and in the fruit buds, mg/kg of crude weight

Phenophase
Experiment option dormant bud - silver cone Mouse’s Eye closed inflorescence
2023 | 2024 2023 | 2024 2023 | 2024
Annual sprouts

Control
(without treatment) 242+09 | 1638+0,73 | 13,4+0,5 | 10,96+ 0,44 9,47+0,3 10,60 + 0,53
Solution NPC “WPU
Antifreeze”:

1% 23,5+09 | 21,40+0,85 | 12,7+0,6 | 10,88 +0,51 9,20+0,4 10,30 £ 0,51

3% 22,1+1,1 | 16,86+0,84 | 123+0,6 | 11,84 +0,47 9,95+0,4 10,72+ 0,53

Fruit buds

Control
(without treatment) 21,4+1,0 | 12,32+0,55 [167,1 £8,3| 124,46 + 5,62 66,4 +2,6 15,91+ 0,72
Solution NPC “WPU
Antifreeze”:

1% 19,5+0,9 | 18,03+0,92 | 183,7+7,3| 122,13 +6,10 544+2,1 13,22 £0,79

3% 219+1,0 | 13,05+0,63 |179,2+7,1 | 110,11 £5,50 21,6 1,0 13,70 £ 0,19
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fruit buds compared to the first treatment. The
greatest increase in the amount of the amino
acid (by 10.1 times) was observed in the con-
trol. After treatment with the 1% solution of
the preparation, the proline content increased
by 6.8 times, and after treatment with the 3%
solution, it increased by 8.4 times compared to
the phenophase “dormant bud — silver cone”.
Apparently, the treatment with the preparation
contributed to the modification of not only wa-
ter and carbohydrate metabolism but also pro-
tein metabolism, particularly the biosynthesis
and transport of proline. At the same time, the
proline content in early May in the bark tissues
in the variant with the 3% treatment decreased
by 10.4%, while in the control and the variant
with the 1% treatment, it remained unchanged
compared to the “Mouse's Eye” phenophase. In
fruit buds (phenophase “closed inflorescence”),
the proline level under the influence of the 3%
solution of the preparation decreased by 8.0
times, in the variant with the 1% solution by
9.2 times, and in the control by 7.8 times com-
pared to the previous phenophase (see Table 2).
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Thus, over the two years of research, it has
been shown that treatment with NPC “WPU
Antifreeze” contributed to the acceleration of
protein metabolism.

To assess the effect of the preparation on re-
sistance to spring frosts, artificial freezing of
flowers and buds was conducted at the begin-
ning of flowering of the experimental apple va-
riety Sinap Orlovsky. As a result of two years of
research, it was found that at a temperature of —3
°C, treatment with the 1% and 3% solutions of
the preparation reduced the proportion of dead
flowers by 19.7% and 27.0%, respectively (see
fig. 4, a), and the proportion of dead buds by
13.9% and 15.1% compared to the control (see
fig. 4, 0). After exposure to a temperature of
—4 °C, treatment with the 1% and 3% solutions
of the preparation contributed to a reduction
in frost damage to flowers by 9.8% and 9.0%,
and to buds by 9.1% and 10.5%, compared to
the control variant. Thus, the positive effect of
NPC “WPU Antifreeze” on the resistance of ap-
ple flowers and buds to spring frosts has been
demonstrated, alongside an increase in the vol-
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Fig. 4. The degree of freezing of flowers (a) and buds (6) of the apple cultivar Sinap Orlovsky under con-

trolled conditions (average for 2023 and 2024)
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ume of bound water and the intensity of carbo-
hydrate-protein metabolism.

It is also important to note that in the spring of
2024, extreme weather conditions unfavorable
for fruit crops occurred. For example, in May,
during the mass flowering period of apple trees,
prolonged cooling with periodically recurring
frosts was observed. The minimum air tempera-
ture dropped to —6 °C for the first time in the last
50 years (data from the meteorological station
of the All-Russian Research Institute of Fruit
Crop Breeding). The yield loss for most varieties
amounted to 70-80%. At the same time, a posi-
tive effect of the NPC “WPU Antifreeze” prepa-
ration (under field conditions) on the resistance
of flowers and buds of the Sinap Orlovsky apple
variety was noted, which confirms the results of
artificial freezing. For instance, in the control,
the proportion of dead flowers was 78.2%. The
application of the 1% and 3% solutions of the
preparation reduced the number of frost-dam-
aged flowers by 15.1% and 11.4%, respectively,
compared to the control. It should be noted that
the obtained experimental data are consistent
with the results of earlier studies [12, 15].

CONCLUSION

The effect of organomineral fertilizer NPC
“WPU Antifreeze” on apple tree resistance to
spring frosts was evaluated in soil and climatic
conditions of the Orel region. According to the
characteristics presented by the manufacturer,
the preparation has adaptogenic properties. The
priority in the use of adaptogenic preparations is
a significant increase in adaptive properties of
plants.

The conducted studies have shown that treat-
ment with the NPC “WPU Antifreeze” prepara-
tion promotes an increase in the content of bound
water, sucrose and proline in fruit buds. The in-
crease in the content of low molecular weight
osmolytes and bound water is of great impor-
tance in conditions of spring frosts, as it reduces
the risk of dehydration and plant cell death. In
particular, sugars along with proline increase the
concentration of cell sap by increasing the level
of bound water, which has a protective effect at
negative temperatures.

The positive effect of the preparation of the
NPC “WPU Antifreeze” on the resistance of
flowers and buds of the apple variety Sinap Or-
lovsky was noted both in the laboratory and in
the field conditions. According to the data of ar-
tificial freezing, foliar treatments with 1% and
3% solutions of the NPC “WPU Antifreeze”
contributed to the reduction of flower and bud
freezing compared to the control. In extreme
conditions of spring 2024, the use of organomin-
eral fertilizer contributed to increased resistance
of apple trees to spring frosts, which is consis-
tent with the data of laboratory studies. Thus,
the use of adaptogenic preparation NPC “WPU
Antifreeze” allows increasing resistance of gen-
erative buds of apple trees to spring frosts due to
optimization of water regime and improvement
of carbohydrate-protein metabolism.
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dPpPexkTUBHOCTL DaKTEePpUH-aHTATOHUCTOB Bacillus u Pseudomonas
B KaUeCTBe areHTOB OMOKOHTPOJIA CeTYATOH NATHUCTOCTH
03MMOT'0 SIYMEHS B MOJIEBBIX YCJIOBHSX

AcatypoBa A.M., &X)7KeBnoBa H.A., Cunopo H.M., Kpemnuena O.10.
Dedepanvhblil HAYUHBLL YeHMP OUON02UYeCKOU 3auumol pacmenuil
Kpacuonap, Poccus

(<XDe-mail: n.zhevnova@mail.ru

CeryaTas NATHUCTOCTH JIMCTHEB SUMEHS — LIMPOKO PACIPOCTPAaHEHHAsi B MUpe OOJIE3Hb 3€pHO-
BBIX KyJIBTYp, HAHOCAIIAs 3HAUYUTEIBHBIN SKOHOMUUECKHH yiiep0. IIpenmyIiecTBeHHBIM CIIoCOO0M
00pBOBI ¢ HEll OCTaeTCs XUMHUYECKas 3alUTa, MMEIOIIas MHOKECTBO HETaTUBHBIX TMociencTuil. He-
00X0IMMO OTMETHUTH, UTO BO3OYIUTENb 00JIe3HN — TpUb Pyrenophora teres — OTHOCUTCS K KJIacCy Ta-
TOT€HOB C BBICOKOH BEPOSITHOCTBIO Pa3BUTHSI MHOKECTBEHHON PE3UCTEHTHOCTH Cpa3y K HECKOIBKUM
XUMUYecKUM (QyHTunuaam. B cBsi3u ¢ 3TuM B paboTe McciaeJoBaHO 3alIMTHOE JICHCTBUE IITAMMOB
Bacillus velezensis BZR 336 g u BZR 517, a Takxe Pseudomonas chlororaphis BZR 245 F na nByx
COpTax SIYMEHSI 03UMOTO C PA3INYHON YCTOWIMBOCTBIO K BO30YIUTEINIO CETYATOH MATHUCTOCTH B yC-
JIOBHSAX JIBYXJIETHHX IOJIEBBIX HCIIBITAHUH. YCTAHOBICHO, YTO 00paboTKa yKa3aHHBIMH IITaMMaM{
CHIDKaJla pa3BUTHE CETYaTOM MATHUCTOCTH B cpeaHeM Ha 26—30% B yCIIOBUSX LEHTPaJIbHON 30HBI
Kpacnonapckoro kpas. B 2022 1. mtaMMbl CMOIJIH KOHKYPUPOBATh 1O 3()()EKTUBHOCTH ¢ XHUMUYe-
CKUM 3TaJIOHOM. BBISBIIEHO, YTO Ha BOCHPUUMYUBOM copre PomaHc cHmKeHue pa3BuTHs 00Je3HH
npu oOpaboTKe mTamMMaMH OblIO Oojiee BhIpaKEHHBIM — B cpeaneM 25,7-38,8% mpu 20,9-25,3%
Ha ycroitunBoM copte Mocud. Onpeneneno, uto 06padOTKa KUAKHUMHU KyJIbTYPAaMH [ITAMMOB ITEpest
ITIOCEBOM W B TIEpHOA BereTanuu dPQekTuBHEE, YeM Ipyrue crocodsl. B 2018 1. 00paboTka ceMsH u
pacteHuii tamMmmamMu Obuta 3 dexTuBHEE IpyTruX crocoboB: Ha copre Mocud — B cpemHeM Ha 6—8%,
Ha copte Pomanc — Ha 8-24%. B 2022 . 06paboTka ceMsH 1 paCTeHH ITaMMaMK Oblila B CPeHEM Ha
12-17 (Mocud) u 35-38% (Pomanc) s dexruBHee, yeM apyrue Mmetoasl 00padoTku. buonornyeckas
3¢ }eKTHBHOCT MITAMMOB 3aBUCENA OT KIMMaTHIECKUX (pakTopoB. B GmaronpusTHRIX MOTOIHBIX yC-
JIOBHSAX MAaKCHMAJIbHOE CHIDKEHHE Pa3BUTHUS OOJIE3HH OTMEUEHO IPH MCIIOIb30BAHUH IITaMMa Poja
Pseudomonas, B ycIOBUSX HECTaOWIHLHOTO METEOPOIOTHYECKOTO (hoHA HAWOONBITYIO A EKTHB-
HOCTh NPOJICMOHCTPHUPOBAIN OMoareHThl poaa Bacillus. Pe3ynbrarel HCCIIeIOBAHUE TOKA3aJIHd, 4TO
OMONIOTHUYECKUE METONBI OOPHOBI C CETUATON MATHUCTOCTBIO JIMCTHEB O3UMOTO SYMEHS JOCTaTOUYHO
3¢ eKTUBHBI U TPEOYIOT AalibHENIIEH peann3anuy. bronornueckue cpeacTsa 3auThl pacTeHHi To-
MHMO TIOJIaBJICHUS] BPEIOHOCHOCTH (PUTOMATOTEHOB OyIyT CIIOCOOCTBOBATH ITONYYEHHIO 3KOJIOTHYE-
CKH 0€30I1aCHOM MPOITYKINH B COBOKYITHOCTH CO CHIDKEHHEM ITECTHIIMIHOTO IIpecca Ha arpOLeHO3HI.

KuaroueBsie cioBa: Pyrenophora teres, Bacillus, Pseudomonas, 6akTepuu-aHTarOHUCTHI, OHOIIO-
HYECKasl 3alIUTa PACTCHUH, 3¢pHOBBIE KYJIBTYPbI

Efficacy of Bacillus and Pseudomonas antagonist bacteria
as biocontrol agents of barley net blotch in field conditions
Asaturova A.M., &X)Zhevnova N.A., Sidorov N.M., Kremneva O.Yu.
Federal Research Center of Biological Plant Protection

Krasnodar, Russia
(<De-mail: n.zhevnova@mail.ru

Barley net blotch is a widespread disease of cereal crops worldwide, causing significant economic
losses. The predominant method of controlling it remains chemical defense, which has many nega-
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Efficacy of Bacillus and Pseudomonas antagonist bacteria Asaturova A.M., Zhevnova N.A., Sidorov N.M., Kremneva O.Yu.

as biocontrol agents of barley net blotch in field conditions

tive consequences. It should be noted that the causative agent of the disease, the fungus Pyrenophora
teres, belongs to the class of the pathogens with a high probability of developing multiple resistance
to several chemical fungicides at once. In this regard, the protective effect of Bacillus velezensis
strains BZR 336 g and BZR 517, as well as Pseudomonas chlororaphis BZR 245 F on two varieties of
winter barley with different resistance to the causative agent of net blotch in two-year field trials was
investigated. It was found that treatment with the above strains reduced the development of net blotch
on average by 26-30% in the conditions of the central zone of the Krasnodar Territory. In 2022, the
strains were able to compete in efficiency with the chemical reference. It was found that the reduction
of disease development was more pronounced on the susceptible variety Romance when treated with
the strains, with an average of 25.7-38.8% compared to 20.9-25.3% on the resistant variety losif.
It was determined that treatment with liquid strain cultures before sowing and during the growing
season is more effective than other methods. In 2018, seed and plant treatment with the strains was
more effective than other methods: on the variety losif by an average of 6—8% and on the variety Ro-
mance by 8-24%. In 2022, seed and plant treatments with the strains were on average 12—17 (losif)
and 35-38% (Romance) more effective than other methods of treatment. The biological efficacy of
the strains depended on climatic factors. In favorable weather conditions, the maximum reduction of
disease development was observed with the use of strain of the Pseudomonas genus, in conditions of
unstable meteorological background the greatest efficiency was demonstrated by bioagents of the Ba-
cillus genus. The results of research have shown that biological methods of controlling winter barley
net blotch are quite effective and require further implementation. Biological means of plant protection
in addition to suppressing the harmfulness of phytopathogens will contribute to the production of
environmentally safe products in conjunction with the reduction of pesticide pressure on agrocenoses.

Keywords: Pyrenophora teres, Bacillus, Pseudomonas, antagonist bacteria, biological plant de-
fence, cereal crops
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INTRODUCTION microevolutionary processes [1—4]. In years of
epiphytotics, yield losses from this disease can

reach 20-40% or more [2—4].

Net blotch of barley, caused by the heteroth-
allic ascomycete Pyrenophora teres Drechsler

(anamorph: Drechslera teres Sacc. (Shoem.)
= Helminthosporium teres), is one of the most
harmful diseases and is found in almost all coun-
tries engaged in grain cultivation. This is due to
the high adaptability of the pathogen and active

The disease affects leaves, leaf sheaths, and
stems (see the figure). As the disease progress-
es, the photosynthetic area of the leaf decreases,
which can lead to complete necrosis and desic-
cation of the plant. The widespread distribution
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D¢ddexTuBHOCTH OakTepuii-antaronucToB Bacillus
u Pseudomonas B Ka4eCTBE areHTOB OMOKOHTPOIIS CeTUaTon
ISITHUCTOCTH O3MMOTO SIYMCHS B TIOJICBBIX YCIIOBHSIX

AcarypoBa A.M., XKesnosa H.A., Cuznopos H.M., Kpemuesa O.10.

Ceruaras IATHUCTOCTh JIUCTHEB O3UMOI0 STYUMEHS

Winter barley net blotch disease

of the infection is facilitated by high humidity,
the use of susceptible varieties, monoculture in
crop rotation, and an abundance of plant resi-
dues [1-5].

Currently, the chemical method remains the
most widely used approach to suppress the dis-
ease [1, 6]. However, due to the peculiarities of
its genetic apparatus, the pathogen can quick-
ly develop resistance to the most common and
widely used fungicides. Resistance to fungicides
of various chemical groups is observed every-
where due to the intensification of agricultural
production [3, 4]. The practice of using chem-
ical agents to combat diseases has shown that
their economic efficiency is gradually declining.
Pathogens resistant to pesticides are emerging,
the costs of developing new drugs are increasing,
and ultimately, this raises the cost of agricultural
production. The constant use of chemical plant
protection products disrupts biological balance,
pollutes the environment, and leads to the accu-
mulation of toxic residues in soil, water bodies,
groundwater, and agricultural products [7].

Environmentally safe biopreparations based
on microorganisms of various taxonomic groups
are an alternative to the chemical method. The

advantages of biological plant protection agents
include their safety for warm-blooded organ-
isms and the environment, selectivity of action,
absence or weak phytotoxicity, low probability
of resistance development in case of long-term
application [8—10].

Numerous studies confirm the effectiveness
of microorganisms in the control of plant diseas-
es, including the use of resistant varieties [4, 11—
15]. Thus, E. O'Brien' reports on P. fluorescens
strains MKB100 and MKB156, Pseudomonas
sp. MKB158 and MKB194, which significantly
(up to 46%) reduced disease development un-
der natural conditions on two barley varieties.
A study by A. Perello et al.? showed up to 56%
reduction of disease development caused by the
taxonomically similar pathogen P. tritici-repen-
tis using biocontrol strains on wheat leaves un-
der field conditions. Some variants gave good
protective effect even compared to fungicide
treatment. M. Ghorbanpour et al. [16] evaluated
the effect of Pseudomonas and Bacillus strains
on the development of barley net blotch caused
by P. graminea in field conditions for two years
on three varieties differing in the degree of re-
sistance. The level of disease development was
reduced to 66%.

Conducting research in the direction of biolo-
gization of plant protection systems is promising
in connection with the adoption of the Strategy
for the development of organic production in the
Russian Federation until 2030, which provides
for the active development of agrobiotechnolog-
ical direction’.

The purpose of this study was to investigate
the ability of bacterial bioagents of two different
genera (Bacillus and Pseudomonas) to control
the development of net blotch on two winter bar-
ley varieties differing in disease resistance under
varying environmental conditions.

10 Brien E. Biological control of Pyrenophora teres. Letterkenny, 2005, 104 p.

2Perello A., Moreno V., Monaco C., Simon M.R. Effect of Trichoderma spp. isolates for biological control of tan spot of wheat
caused by Pyrenophora tritici-repentis under field conditions in Argentina // Biocontrol, 2008, N 53, pp. 895-904.

*Order of the Government of the Russian Federation from 04.07.2023, Ne 1788 r “On approval of the Strategy for the devel-
opment of organic production in the Russian Federation until 2030 (https://www.garant.ru/products/ipo/prime/doc/407297286/).
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Efficacy of Bacillus and Pseudomonas antagonist bacteria
as biocontrol agents of barley net blotch in field conditions

Asaturova A.M., Zhevnova N.A., Sidorov N.M., Kremneva O.Yu.

MATERIAL AND METHODS

The research was conducted at the field exper-
imental base of the Federal Research Center of
Biological Plant Protection (FSBSI FRCBPP) in
2017-2018 and 2021-2022. Two winter barley
varieties of the selection of the National Grain
Center P.P. Lukyanenko, differing in the degree
of resistance to net blotch were used: Romance
(susceptible, the level of disease development
30-50%), losif (resistant, the level of disease de-
velopment up to 20%) [12]. Plants were grown
on the plots with the area of 5 m?. The total area
of the experiment amounted to 1100 m>.

The research objects were strains from the
bioresource collection of the “State Collection
of Entomoacariphages and Microorganisms” of
the FSBSI Federal Research Center of Biolog-
ical Plant Protection: Pseudomonas chlorora-
phis BZR 245 F, Bacillus velezensis BZR 336 g
and BZR 517. The strains were selected by the
method of stepwise screening and on the basis of
experimental data were recognized as promising
for the creation of biological preparations [13].

Liquid cultures (LC) of the above strains ob-
tained by batch cultivation in New Brunswick
Scientific Excella E25 shaker incubators (En-
field, USA) (180 rpm) were used in the study.
Strains BZR 336 g and BZR 517 were obtained
on the original optimized nutrient medium for
48 h at 25 °C and 36 h at 30 °C, respectively*.
Cell concentration was maintained at the level of
2,8 - 10%4,1-10° CFU/ml.

BZR 245 F strain was obtained by the same
method on King's B medium for 36 h at 26 °C,
cell concentration 1,6:10%-2.4-10° CFU/ml.

The strains were used in three ways:

1) pre-sowing seed treatment and subsequent
treatment of vegetative plants;

2) treatment of vegetative plants;

3) seed treatment; treatment of vegetative
plants was carried out in spring in the tillering
phase (Z 26-21).

The application rates of LC strains were as
follows: seed treatment with strain BZR 245 F —
2 1/t, BZR 336 g — 3 I/t, BZR 517 — 2 I/t, plant
treatment — 2, 3 and 2 l/ha, respectively. Con-
sumption of the working fluid was 10 1/t and 300
1/ha. Kinto Duo, SC (triticonazole + prochloraz,
20 + 60 g/l) was used as a chemical standard for
seed treatment, Alto Super, SC (propiconazole +
cyproconazole, 250 g/l + 80 g) for plant treat-
ment. Alirin-B, L (B. subtilis, strain VIZR B-10)
was used as a biological standard.

Disease development was evaluated visually
in dynamics as the symptoms appeared. The lev-
el of disease development was recorded in per-
centages by determining the ratio of the affected
areas to the total leaf area. The data obtained at
maximum development of the disease are pre-
sented in the paper. Biological efficiency was
calculated using the Abbott formula’

BE = (100 - (P — p))/P,

where BE — biological effectiveness, %; P — data
in the control, %; p — data in the variant with a
bioagent or benchmark application, %.

The growing season from October 2017
through June 2018 was favorable for the plants
and biological agents (based on the weather ar-
chive, weather station No 34920°).

During this period, there were no sharp fluctu-
ations in precipitation levels or air temperature.
The autumn and winter were warm (5.2...12.2
°C). Plants received ample moisture during the
initial stages of vegetation (70—-148 mm of pre-
cipitation fell). Vegetation resumed in March. In
the autumn of 2021, after sowing, the air tem-
perature was low (down to —1.3 °C), and plants

‘Asaturova A.M., Homyak A.I., Tomashevich N.S., Pavlova M.D., Zhevnova N.A., Dubyaga V.M., Kozitsin A.Ye., Sidorova T.M.,
Nadykta V.D., Ismailov V.Ya. Conditions for the cultivation of new Bacillus bacteria being micro bioproduct producers // Journal of

pure and applied microbiology, 2015, N 9 (4), pp. 2797-2804.

SAbbott W.S. A method of computing the effectiveness of an insecticide // Journal of Economic Entomology, 1925, vol. 18, N 2,

pp. 265-267.
Shttps://rp5.ru/
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received little moisture (40—56 mm). During the
winter, there were sharp fluctuations in tempera-
ture (from —12.1 to —19.0 °C) and precipitation
(from 37 to 166 mm). The spring of 2022 was
cold, and vegetation resumed in mid-April.

The material and technical base of USU
“Technological line for production of microbio-
logical plant protection agents of new generation
7 was used in the research. Statistical processing
of data was carried out using Tukey HSD STA-
TISTICA 13.2 test (StatSoft Russia). Repetition
in all the experiments was threefold.

RESULTS AND DISCUSSION

Biological efficiency varied depending on the
level of infection background, variety and the
method of application of LC strains. In 2018, the
development of net blotch was 4.8-5.8% on the
resistant variety losif and 22.6-35.8% on the sus-
ceptible variety Romance. In 2022, the natural
infection background was more aggressive with
63.1- 66.4% on variety losif and 71.1-73.2% on
variety Romance. In 2018, maximum reduction
in disease development occurred with the use of
chemical protection (irrespective of the method
of application). In 2022, biological protection
was most effective, in particular strains BZR
517 and BZR 245 F maximally reduced disease
development (see the Table).

Pre-sowing seed treatment combined with
treatment of vegetating plants proved to be more
effective than other types of treatment. In 2018,
when treating seeds and plants of the losif vari-
ety with the strains, the biological efficacy was
16.3-32.0%, which was on average 6—8% higher
than when using other methods. For the suscep-
tible variety Romance, the difference was more
pronounced: on average, the strains suppressed
the disease by 8-24% better when treating seeds
and plants compared to other treatment methods.
In 2022, the treatment of seeds and plants with
the strains was on average 12—17% (losif) and
35-38% (Romance) more effective than other
treatment methods (see the Table).

"http://ckp-rf.ru/usu/671367

The efficacy of the strains varied. In 2018, the
strain BZR 245 F reduced disease development
by 15.2-59.9%, depending on the variety and
treatment method, surpassing this indicator in
variants using strains of the genus Bacillus. The
efficacy of BZR 336 g and BZR 517 was low-
er, at 4.2-53.7%. In 2022, BZR 245 F showed
maximum efficacy only on the resistant variety,
while BZR 336 g and BZR 517 significantly
suppressed pathogen development on both vari-
eties: by 16.2-49.7% on the resistant variety lo-
sif and by 6.1-46.9% on the susceptible variety
Romans. It is worth noting that the strains were
able to compete in efficacy with the chemical
standard in 2022 (see the Table).

It was observed that under field conditions,
the biological efficacy of the strains depended
on weather conditions. In the favorable weath-
er conditions of 2017 and 2018, the strain BZR
245 F suppressed the development of net blotch
more actively than the bacillary strains. The bi-
ological efficacy of the strain BZR 245 F was
24.6-59.9%, while that of strains BZR 336
g and BZR 517 was 4.2-50.3% (see table). In
2021-2022, the climatic conditions were less
stable than in the previous research period. In
2022, the biological efficacy of strains BZR 336
g and BZR 517 was on average 7-19% higher
than that of BZR 245 F, which was particularly
noticeable on the susceptible variety losif. Addi-
tionally, under field trial conditions in 2022, the
strains were able to compete in efficacy with the
chemical standard.

CONCLUSION

It was found that treatment with the strains
reduced the development of barley net blotch by
an average of 30% in 2018 and by 26% in 2022.
It is worth noting that in 2022, the strains were
able to compete in efficacy with the chemical
reference.

It was found that treatment with LC strains
before sowing and during the growing sea-
son was more effective than other methods. In
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Paspurtne cetuaroit marauctocty (R, %) u Ononorudeckas s dexruBHocts (BE, %) mramMmmoB B ycio-

BHUSIX T0JIEBOH akcniepuMeHTanbHoM 6azsl ®I'BHY OHIIB3P
Development of net blotch (R, %) and biological efficacy (BE, %) of strains under the conditions of the

field experimental base of the FRCBPP

2018 2022
Treatment Experiment option Variety losif Variety Romance Variety losif Variety Romance
method
R BE R BE R BE R BE
Control 5,7° - 23 4¢ - 63,6° - 72,2¢ -
Chemical standard 3.8 | 33,1 46° | 80,4 | 465 | 269 | 532° | 263
Seed and | Biological reference 4,22 27,3 10,1=> | 57,0 44,32 30,3 | 34,5%° | 522
plant treat-
ment BZR 245 F 3,9 32,0 9,4%° 59,9 48,7 23,5 27,3% 62,2
BZR 336 g 4,28 26,7 11,6° | 50,3 43,9 30,9 42,3 41,3
BZR 517 4,8 16,3 16,3*¢ | 30,5 32,00 49,7 38,32 46,9
Control 5,8° - 27,8° — 66,4° - 73,22 —
Chemical standard 3,7° 36,6 13,1¢ 53,0 57,32 13,8 49,3b 32,7
Plant treat- | Biological reference 5,3b 9,1 20,4>° 26,6 53,4%° 19,6 55,3b¢ 24.4
ment BZR 245 F 4.4 246 | 1400 | 49,6 | 57.2* | 13,9 | 623 | 148
BZR 336 g 4,6 21,7 16,8 39,4 50,4° 24,1 63,0%¢ 13,9
BZR 517 4,7 20,0 16,9 39,1 55,5 | 16,4 67,4 7.9
Control 4,8 - 22,6° — 63,1° - 71,1° —
Chemical standard 2,22 53,8 12,5° 44,7 56,0? 11,2 80,5¢ 0,0
Seed treat- | Biological reference 3,32 30,1 15,7¢ 30,7 57,9%¢ 8,2 65,8+ 7,4
ment BZR 245 F 3,3 30,1 19,28 15,2 49 4° 21,7 64,42 9,4
BZR 336 g 4,6° 42 13,8° | 389 | 43,6 | 309 | 505 | 29,0
BZR 517 4,2¢ 12,6 | 16,7%* | 26,3 | 52,8 | 16,2 | 66,8*° 6,1

Note. Different letters indicate valid differences (p < 0,05) within a column according to the test Tukey HSD.

2018, treatment of seeds and plants of losif va-
riety with the strains reduced development of
net blotch by 6-8% more effective than other
methods, on the Romance variety — by 8-24%
more effective. In 2022, seed and plant treatment
with strains was on average 12—-17 (losif) and
35-38% (Romance) more effective relative to
other treatments.

It was found that on the susceptible variety
Romance the reduction of disease development
when treated with the strains was more pro-
nounced with an average of 25.7-38.8% with
20.9-25.3% on the resistant variety losif.

It was determined that in field conditions the

biological efficiency of the strains depended on
the weather conditions. In a favorable weather
period (2017-2018) strain BZR 245 F suppressed
the development of net blotch more actively
than Bacillus strains. In the less stable period
(2021-2022), the biological efficacy of Bacillus
strains was on average 7—19% higher than that of
BZR 245 F, which was especially noticeable on
the susceptible variety losif.

The conducted research has shown that biolog-
ical methods of control of winter barley net blotch
are quite effective and require further implemen-
tation in production conditions. Biological means
of plant protection against diseases will not only
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reduce the harmfulness of P. teres, but will also
contribute to the production of environmentally
safe products in conjunction with the reduction of
pesticide pressure on the agrocenoses.
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MOHHUTOPHHT KOATy/J1a300TPHLATENbHBIX CTAQUI0KOKKOB, BbIIeJIeHHbIX
13 COOPHOr0 MOJIOKA B HE0JIArOMOJIyYHBIX 110 MACTUTY KOPOB X03SCTBaX

Momnos I1.A., CX)Ocunosa U.C.

Bcepoccuiickuti nayuno-ucciedosamensCKuti UHCIUNym 6emepuHapHoli Canumapuu,
euzuenvl u skono2uu — gpunuan Pedepanvro2o HayuHo2o yenmpa « Bcepoccuiickuii
HAYYHO-UCCNe008AMENbCKULL UHCMUMY M IKCNEPUMEHMATbHOU 6emepuHapuul

um. K.U. Cxkpsouna u A.P. Kosanenxo Poccuiickotl akademuu Hayky»

Mocksa, Poccus
(XDe-mail: irishka21062801@mail.ru

OJIHUM U3 BaXKHBIX aCIIEKTOB, TAPAHTUPYIONIUX OE30MACHOCTh MPOIYKIIUH, SIBISETCSI TIOCTOSHHBIH
CaHUTAPHO-MUKPOOMOJIOrMYECKHH KOHTPOJIb Ha BCEX 3Talax Mpou3BoAcTBa. B nanHOM mccienosa-
HUH TIPUBEICH aHAaJN3 MOHUTOPUHIOBBIX MCCJICOBAHMI, HAIIPABICHHBIX Ha ONpEIeliCHHE CIeKTpa
pacIpoCTpaHEHHBIX BHJIOB KOAT'YJIa300TPHUIIATEILHBIX CTAQHIOKOKKOB B COOPHOM MOJIOKE B TCUCHHE
rozia Ha YEeThIpeX MOJIOYHO-TOBAPHBIX (hepMax MOCKOBCKOH 00nacTu, HeOIAaronoayyHbIX 10 MacTU-
taM. Beisicaeno, uto Staphylococcus epidermidis BbISBISIN yalie apyrux BUaoB (42,9% ot uucia
BBIZICJICHHBIX KOAryJa300TPUIIATEIBHBIX CTAPMIOKOKKOB), peske 0OHApYKUBamu St. saprophyticus u
St. simulans (mo 14,3%), emme pexe peructpupoBanu St. haemolyticus, St. chromogenes, St. lentus n
St. hominis (no 7,1%). YCTaHOBJIEHO, YTO OCEHBIO BO BCEX XO35SHUCTBAX B COOPHOM MOJIOKE BBIJICIISIIH
1o 28,0% Oaxrepuit u3 pona Staphylococcus. llpuBeneHo cooTHOIEHHE St. aureus U KOaryina3o0TpH-
LaTeNbHBIX CTAQHUIOKOKKOB B COOpHOM MoJIOKe Ha epMax MOCKOBCKOI 001acTH B OCEHHUI MEPHO.
[TpoBenena nACHTHUPHUKAILUS KOAryla30HEraTUBHBIX CTAQHUIOKOKKOB, BBIICIICHHBIX B OCEHHHUI TIepH-
ofl MakTanuu. B cOOpHOM MoONOKe "atie BRISBISIIN St. saprophyticus n St. epidermidis (o 23,1%),
B 15,4% cnyuaeB peructpupoBanu St. simulans u St. chromogenes, HECKOIBKO pexe St. hominis,
St. haemolyticus, St. lentus (110 7,7%). Jlan aHaJIU3 CpeIHUX JAHHBIX 110 WHAMKAIUN CTA(PHIOKOKKOB,
MONTyIeHHBIX 32 2023 T. B pa3IMYHBIX X03sHCcTBaX MOCKOBCKOH 00JIaCTH M3 COOPHOTO MOJIOKA. Ypo-
BEHb CTA()UIIOKOKKOB B COOPHOM MOJIOKE B BeCEHHMH nepuox Obl1 Hanbonee BeicokuM (38,1%), ne-
TOM M OCEHbIO JaHHbIE ObUIH MPUOIU3UTETHHO OAMHAKOBBIMHU (25,3—-28,0%). Camblil HU3KHUIl ypOBEHb
cTaMIOKOKKOB B cOOpHOM MoJoke Habmromamm 3uMoit (18,5%).

KoueBbie cj10Ba: MOJIOKO, MACTHTBI, KOAryna3o0TpulaTesibHble CTadHIOKOKKH, TOKCUKOMH(EK-
UM, STTU300TOJIOTHUECKOE 3HAYCHHUE

Monitoring of coagulase-negative staphylococci isolated from the bulk
milk in the farms troubled by cow mastitis

Popov P.A., &) Osipova L.S.

All-Russian Scientific Research Institute of Veterinary Sanitation, Hygiene and Ecology — Branch

of the Federal Scientific Center “All-Russian Scientific Research Institute of Experimental Veterinary
Medicine named after K.1. Scriabin and Ya.R. Kovalenko” of the Russian Academy of Sciences

Moscow, Russia
(<De-mail: irishka21062801@mail.ru

One of the important aspects that guarantee product safety is constant sanitary and microbiological
control at all stages of production. This study presents an analysis of monitoring investigations aimed
at determining the spectrum of common species of coagulase-negative staphylococci in the bulk milk
at four mastitis-unfavorable dairy farms in the Moscow region during one year. It was found that
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MOHHUTOPHUHT KOAryJa300TPULIATEIbHBIX CTAQHIOKOKKOB, Tomnog IT.A., Ocumosa U.C.
BBIJICJICHHBIX U3 COOPHOTO MOJIOKA B HEOJIArOMOIYYHBIX

10 MaCTUTYy KOPOB X0O3STUCTBAX

Staphylococcus epidermidis was detected more frequently than other species (42.9% of the number
of the isolated coagulase-negative staphylocococci), St. saprophyticus and St. simulans were detected
less frequently (14.3% each), St. haemolyticus, St. chromogenes, St. lentus and St. hominis were re-
gistered even less frequently (7.1% each). It was determined that up to 28.0% of bacteria of the genus
Staphylococcus were isolated in the bulk milk in autumn on all the farms. The ratio of St. aureus and
coagulase-negative staphylococci in the bulk milk on the farms of the Moscow region in the autumn
period is presented. Identification of coagulase-negative staphylococci isolated during the autumn lac-
tation period has been performed. In the bulk milk, Sz. saprophyticus and St. epidermidis were detected
more frequently (23.1% each), St. simulans and St. chromogenes were detected in 15.4% of the cases,
and St. hominis, St. haemolyticus, and St. lentus were detected somewhat less frequently (7.7% each).
Average data on Staphylococcus aureus indication obtained for 2023 in different farms of the Moscow
region from the bulk milk have been analyzed. Staphylococci levels in the bulk milk were highest in
spring (38.1%), summer and autumn data were approximately the same (25.3-28.0%). The lowest
level of staphylococci in the bulk milk was observed in winter (18.5%).

Keywords: milk, mastitis, coagulase-negative staphylococci, toxic infections, epizootologic sig-
nificance
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One of the important ways to significantly
improve the quality and safety of dairy products
on the Russian market is the use of highly ef-
fective methods of sanitary and microbiological
control.

The bacteriological method, which is used in
the diagnosis of most modern infections, has al-
ways been considered as the most reliable and
effective way to identify pathogens. The essence
of the method is the isolation of pure culture of

INTRODUCTION

Milk is a unique natural food product that
must meet sanitary and hygienic standards. Its
high content of nutrients, primarily proteins,
makes milk an almost universal medium for most
types of microflora, including pathogenic and
technologically harmful bacteria. In the context
of a market economy and the development of ag-
riculture and farming, it is important to ensure
the improvement of sanitary and microbiologi-

cal indicators of milk. Only milk that meets the
requirements not only for nutritional value and
organoleptic properties but also for safety of con-
sumption can be considered high-quality. [1, 2].

The quality of milk often declines due to high
microbial contamination, which is why many re-
searchers agree that immediately after milking a
healthy animal, milk contains only a small num-
ber of microorganisms. However, secondary mi-
crobial contamination occurs immediately after
milking at all stages of production and process-
ing [3-5].

microorganism, then its determination by char-
acteristic features: biochemical, tinctorial, anti-
genic and so on. However, the disadvantage of
this method is the impossibility of rapid analysis
[6, 71.

To accelerate the process of identification of
the isolated microorganism culture, special dif-
ferentiating substrates and appropriate indica-
tors are usually used [8, 9].

The number of microbial colonies can be
quickly counted using a variety of automated
laser devices, as well as with the use of liquid

300TEXHUS U BETEPUHAPHS

CuOHpCKHit BECTHHK CEJILCKOXO03SIICTBEHHOI Hayku » 2024 « 54 « 10 79



Monitoring of coagulase-negative staphylococci isolated
from the bulk milk in the farms troubled by cow mastitis

Popov P.A., Osipova L.S.

cytometry, a method that allows counting each
individual cell. Methods and instruments that
utilize a piezoelectric crystal sensor with a split
electrode have been developed for rapid detec-
tion of bacteria [10, 11]. In addition, accelerated
methods of detection of pathogen antigens are
widely used both in biological objects and in en-
vironmental objects. Among such methods the
following can be distinguished: immunoenzyme
method, fluorescent antibody method, coagglu-
tination reaction, immunodiffusion reaction in
agar, and passive hemagglutination inhibition
reaction. These methods provide a standardized
way to perform bacteriological tests to deter-
mine the presence of microorganisms [12—16].
The purpose of the work is to conduct moni-
toring studies aimed at determining the spectrum
of common species of coagulase-negative staph-
ylococci in the collected milk at the dairy farms
of the Moscow region over the course of a year.

MATERIAL AND METHODS

The work was carried out in the laboratory of
veterinary and sanitary expertise VNIIVSGE -
branch of the All-Russian Research Institute of
Experimental Veterinary Medicine. The experi-
mental-laboratory method was used in the work.

In 2021 in the Moscow region veterinary spe-
cialists conducted more than 760 thousand tests
of cows for mastitis, more than 34 thousand cas-
es of the disease were detected [1].

In our study, raw milk samples were collect-
ed from mastitis-endangered dairy farms in the
Moscow region. Then these samples were pre-
pared for research in accordance with GOST
26809.1-2014 “Milk and dairy products. Accep-
tance rules, methods of selection and prepara-
tion of samples for analysis”. 217 samples of
raw collected milk were analyzed.

The isolation of staphylococci from raw milk
and determination of their plasmocoagulating
ability were carried out according to the “Meth-
odological guidelines for bacteriological exam-
ination of milk and udder secretion of cows”
(1983) and GOST 30347-2016 Milk and dairy
products. “Methods of determination of Staphy-
lococcus aureus”. Staphylococcus species were
isolated only in monocultures.

RESULTS AND DISCUSSION

Conducting microbiological monitoring al-
lows to determine more accurately the level of
sanitary-indicative microflora in raw milk and
take timely sanitary measures to ensure product
safety. Special attention should be paid to the
staphylococci genus, which are frequent caus-
ative agents of cow mastitis and contaminate
raw milk and milk products. There are entero-
toxigenic strains among staphylococci that can
cause severe toxicosis in humans.

When identifying coagulase-negative strains
of staphylococci in collected milk on the farms
of Moscow region, it was found that Staphylo-
coccus epidermidis was detected more often
than other species (42.9% of the number of the
isolated coagulase-negative staphylococci), less
frequently detected were St. saprophyticus and
St. simulans (14,3% each). Even rarer were the
registrations of St. haemolyticus, St. chromo-
genes, St. lentus and St. hominis (7,1% each)
(see fig.1).

Data on the detection of staphylococci de-
pending on the farm in the autumn period of lac-
tation are presented in fig. 2. It was revealed that
in the autumn, up to 28% of bacteria of the genus
Staphylococcus aureus were isolated in the col-
lected milk in all farms.

St. aureus was isolated in 43.5% of cases, co-
agulase-negative staphylococci were registered
in 56.5% of cases from the collected milk on
the farms of the Moscow region during the au-
tumn lactation period. As for farms specifically,
only in farm 4 coagulase-negative staphylococ-
cit were detected in 100% of samples. On other
farms, the ratio of coagulase-positive and coag-
ulase-negative staphylococci was 1 : 1 or 1 : 2
(see fig. 3).

Further we identified coagulazone-negative
staphylococci isolated in the autumn period of
lactation. St. saprophyticus and St. epidermid-
is (23.1% each) were detected more frequently
in the collected milk, St. simulans and St. chro-
mogenes were registered in 15.4% of cases, St.
hominis, St. haemolyticus, and St. lentus were
detected somewhat less frequently (7.7% each)
(see fig. 4).
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W St haemolyticus
m St saprophyticus
W St. chromogenes
W St. simulans
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Puc. 1. Bunoas naeHTUHUKALNS KOAryna3ooT-
pHILATENBHBIX CTA(QUIOKOKKOB, BBIACICHHBIX 3
cOOpHOro MOJIOKA B JIeTHUI nepuon, %

Fig. 1. Species identification of coagulase-negative
staphylococci isolated from the bulk milk in the
summer period, %

1 2 3 4 5

Average

Farm across the farms

Puc. 2. Boisienne cTauiIoKOKKOB B COOPHOM
MOJIOKE B Pa3iIMYHbIX X0O3SHCTBAX

MockoBCKo# 001acT B OCEHHUH Tiepuom, %

Fig. 2. Detection of staphylococci in different farms
of the Moscow region in the autumn period, %

%
120

The average data on the indication of staph-
ylococci obtained for 2023 in different farms of
the Moscow region from collected milk were
also analyzed. The level of staphylococci in the
collected milk was the highest in spring (38.1%),
in summer and autumn the data were approxi-
mately the same (25.3-28.0%). The lowest level
of staphylococci in the collected milk was ob-
served in winter (18.5%) (see fig. 5).

CONCLUSION

In 2023, the monitoring of coagulase-negative
staphylococcus species isolated from samples of
the collected milk from four mastitis-affected
dairy farms of the Moscow region was carried
out. It is necessary to emphasize the study of co-
agulase-negative enterotoxigenic staphylococci
in fresh milk, as their timely detection will pre-
vent the occurrence of toxic infections and milk
toxicosis.
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INMU300THYECKAS] CUTYalUs 10 JIeKO3y KPYITHOI0 pOraroro cKora
B OMCKO# 00/1aCTH U KPATKOCPOUYHbII IPOTrHO3 e€e Pa3BUTHS

Buaacenko B.C., bopucos E.C., ®>X)HoBuxosa H.H.

Omckutl azpapublil HAYYHbLL YeHmp
Owmck, Poccust
(<De-mail: Novikova@anc55.ru

Ha ocHoBaHNU NONYYEHHBIX CBEAEHUH O PE3yIbTaTaX AUATHOCTUYECKUX UCCIETOBAHUMN B PEAKLIUU
nvmmyHHOHN muddy3un (PU/]) u reMaTonornyeckuM METOIOM OCYIIECTBIICH aHAIIN3 SITU300THIECKOM
CUTYAIIHMH 10 JISHKO3y KPYITHOTO poraroro ckora B Omckoii o6actu ¢ 2018 mo 2022 r. Hecmotps Ha
MMOBCEMECTHOE PACIpPOCTpaHEHUE BUPYCHOW WH(EKIMH, OTMEUEHA TEHACHIMS K HEKOTOPOMY CHU-
JKCHHIO YHCIa TIOJOKUTENBHBIX 1pod ot 16,8% B 2018 1. 10 14% B 2022 1., TeM He MEHee, YPOBEHb
CEpONpPEeBaJICHTHOCTH Ha Mpeobiaaaronieil gacti oomactu npeBsicni 5%. [IporeHT 0ompHBIX JIeHKo-
30M HUBOTHBIX B 3TOT MEPUOJI, HAIPOTUB, yBennumics B 1,5 pasza. C uenbro nporHo3upoBaHus Jajlb-
HEUIIEro pa3BUTHS SMU300TUUECKON CUTYAIUH 10 JIEHKO3Y KPYITHOTO POraToro CKOTa Ha CIEAYIOIIEM
JTare MCCIICAOBAHUHN CO3/IaHO HECKOIBbKO MOAM(UKAIMN HUCKycCTBeHHBIX HelpoHHbIX ceteid (MHC)
C HEJIMHEWHOW 3aBUCHMOCTBIO OT uucen Bombda (W), rapMoHuK criekTpaibHOU Monenu dypee, a
TaKKe JIOTIOJTHUTENIBHO BBEIEHHOTO (hakTopa «Curmay, mpuHUMaromero 3nadenue 1 mpu W > 110 na
Bxoze. Mcmons3oBansl Tpu moaxona uccienaosanus MHC: ¢ mpoBeneHneM CeKTpaabHOTO aHAIHM3a OT
HadvaJia i3BeCTHOTO repuosa (¢ 1994 r.); ¢ mpoBemeHneM CIIEKTPAIBHOTO aHaIN3a C KOHITAa U3BECTHOTO
nepuoza (c 2022 r.); ¢ noctpoennem MHC ¢ nepBoro nmo AeBATHIN ClIOW ¢ HApACTAaHUEM 110 HEUETHOM
cxeme. B o0mieli ciioyxxHOCTH co3/1aH0 9 makeToB, BKItOUaronux cebiiie 40 HelpoHHBIX cerel. Mccie-
JIOBaHUS MPOBEJICHBI MO0 HAMIPABICHUIO YBEJIMUECHUS YUCIIAa CJI0€B HEHPOHHOW CeTH U U3MEHEHUS CO-
ctaBa rapMoHuk. B Hexotopsix MHC mpu HapammBaHuy KOJIMYECTBA CIIOEB OTMEUCH 3HAUYNUTETHHBIN
pa3zbpoc OKMAAEMOTO YHCiIa CIydaeB WHOUITUPOBAHIS BUPYCOM JIEHKO3a KPYITHOTO POTaToro CKOTA.
B apyrux, Hao6opot, pa3dpoc mporHo3a ObUT MUHUMAaIbHBIM. [IprMeHeHne ykazaHHBIX MOIXOIOB
JIaeT BO3MOXKHOCTb PAacCMaTpUBATh PA3IMYHbIC CLICHAPUHU PA3BUTHSI 3MU300TUUYECKOW CUTyaIlUH IO
JIeliK03y KPYIIHOTO pOTraToro CKOTa M OCYLIECTBUTH BHIOOp HanOoiee ONTUMAaJbHBIX MOJENCH Mpu
MOCTYTJICHUU HOBBIX JaHHBIX O PACIPOCTPAHCHUU HHEKIHH.

KuroueBbie ¢J10Ba: J€K03, KPYIIHBIM pOraThlii CKOT, IPOrHO3, HCKYCCTBEHHBIE HEHPOHHBIE CETH,
CIIeKTpasibHBIN aHanu3 Oypre

Epizootic situation on bovine leukosis in the Omsk region and a short-
term forecast of its development

Vlasenko V.S., Borisov E.S., ©<)Novikova N.N.
Omsk Agrarian Scientific Center

Omsk, Russia
(<De-mail: Novikova@anc55.ru

The analysis of the epizootic situation on bovine leukosis in the Omsk region from 2018 to 2022
was carried out on the basis of the received data on the results of diagnostic tests in the immune diffu-
sion reaction (IDR) and the hematological method. Despite the widespread viral infection, there was
a slight downward trend in the number of positive samples from 16.8% in 2018 to 14% in 2022, nev-
ertheless, the seroprevalence rate exceeded 5% in the predominant part of the region. The percentage
of animals with leukosis during this period, on the contrary, increased 1.5 times. Several modifications
of artificial neural networks (ANN) with nonlinear dependence on the Wolf numbers (W), harmonics
of the Fourier spectral model, as well as the additionally introduced factor “Sigma”, which takes the
value of 1 at W > 110 at the input, were created at the next stage of the research in order to predict
the further development of the epizootic situation in bovine leukosis. Three approaches of the ANN
research were used: with spectral analysis from the beginning of the known period (from 1994); with
spectral analysis from the end of the known period (from 2022); with construction of the ANN from
the 1st to the 9th layers with odd-numbered acceleration. A total of 9 packages including more than 40

300TEXHUS U BETEPUHAPHS CuOHpCKHit BECTHHK CEJILCKOXO03SIICTBEHHOI Hayku » 2024 « 54 « 10 85
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neural networks were created. The research was carried out in the direction of increasing the number
of layers of the neural network and changing the harmonic composition. In some ANNSs, a significant
variation in the expected number of bovine leukosis virus infections was observed when the number
of the layers was increased. In others, on the contrary, the forecast spread was minimal. Application of
these approaches makes it possible to consider different scenarios of epizootic situation development
in bovine leukosis and to choose the most optimal models when new data on the spread of infection

become available.

Keywords: leukosis, cattle, forecast, artificial neural networks, Fourier spectral analysis

Jast uurupoBaunusi: Baacenxo B.C., bopucos E.C., Hosukosa H.H. Snm300THYECKast CUTyallUs 110 JIEHKO3y KPYITHOTO pOraToro
ckora B OMCKO#t 00l1acTH M KpaTKOCPOYHBIH MPOTHO3 ee pa3BuTHs // CHOMPCKHUI BECTHHK CEeIbCKOXO3SHCTBEHHON Hayku. 2024.
T. 54. Ne 10. C. 85-92. https://doi.org/10.26898/0370-8799-2024-10-9

For citation: Vlasenko V.S., Borisov E.S., Novikova N.N. Epizootic situation on bovine leukosis in the Omsk region and a short-
term forecast of its development. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2024,
vol. 54, no. 10, pp. 85-92. https://doi.org/10.26898/0370-8799-2024-10-9

Kondgaukr nurepecon

ABTODBI 3asBIIAIOT 00 OTCYTCTBUU KOH()IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

The bovine leukemia virus (BLV), the etio-
logical agent of enzootic bovine leukosis, has
been eradicated in most European Union coun-
tries, while in other states, including some
regions of the Russian Federation, there has
been an increase in the spread of this infec-
tion, especially among dairy cattle. Like oth-
er retroviruses, this pathogen induces various
disruptions in the immune system, affecting
both cellular and humoral immunity, which, in
turn, play a significant role in reducing milk
productivity and shortening the productive
lifespan [1-5].

To organize effective measures for the pre-
vention and control of BLV, as well as to objec-
tively predict future scenarios of the infection's
development, it is extremely important to study
the patterns and characteristics of the spread and
manifestation of the epizootic over a long-term
period using various mathematical modeling
methods [6—10]. For the analysis of time se-
ries and the prediction of their further develop-
ment, various statistical techniques are usually
applied. However, methods based on artificial
intelligence are capable of evaluating such data
with better predictive capabilities compared to
statistical methods [11-13].

In our previous study [14], two algorithms
for modeling future scenarios were applied to
predict the number of cases of BLV infection
in animals in the Omsk region: Fourier spectral
analysis and artificial neural networks (ANN).
In our opinion, these models require further im-
provement.

The purpose of the research is to study the
epizootic situation on bovine leukosis in the
Omsk region and to make a forecast of the de-
velopment of the infection on the basis of the
obtained data using different modifications of
ANN.

MATERIAL AND METHODS

The data of veterinary reports of the Main
Veterinary Department and documentation of
district veterinary laboratories on the number of
animals serologically tested in the immune dif-
fusion reaction (IDR), the number of virus-car-
rying animals (as a percentage) from 1994 to
2022, as well as on the results of hematologic
studies of cattle for the last 5 years were used in
the work (2018-2022).

The mapping of BLV infection was per-
formed using a special computer program.

Data on solar activity, expressed as annual
averages of Wolf numbers W (relative number
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of sunspots), from 1994 to 2022 are taken from
the server Solar Influences Data Analysis Cen-
ter'.

Artificial neural networks were created using
the program NeuroPro, version 0.25 (developer
V.G. Tsaregorodtsev, Institute of Computational
Modeling, Siberian Branch of the Russian Acad-

emy of Sciences, Krasnoyarsk).

RESULTS AND DISCUSSION

From 2018 to 2022, more than 1832,000 ani-
mal serum samples were serologically tested by
immune diffusion reaction (IDR), of which about
287,000 were positive, or 15.7% (see Table 1).
During this time period, the highest percentage
of virus carriers was recorded in 2020 (17.6%),
but in subsequent years a decrease in the number
of positive samples was noted, reaching a mini-
mum in 2022 (14.0%).

During the analyzed period, over 716 thou-
sand blood samples were also examined using
the hematological method, which allowed iden-
tifying 1,934 (0.27%) animals with leukosis.
The minimum number of animals with leukosis
was identified in 2019— 0.19%, the maximum in
2022 —0.37%.

The cartogram of leukosis infection spread-
ing in the Omsk region according to the results
of diagnostic tests in 2022, compiled by us at the

next stage, clearly demonstrated the ubiquitous
spread of BLV (see the figure).

According to the presented cartogram, the
level of BLV carriage in the vast majority of
the administrative and territorial units is over
5%, only in the Azovsky, Krutinsky, Novovar-
shavsky, Odesky, Okoneshnikovsky and Sedel-
nikovsky districts it was 5% and lower.

The most difficult epizootic situation on bo-
vine leukosis has developed in the Isilkulsky,
Moskalensky, Gorkovsky, Tarsky, Sargatsky and
Lyubinsky districts, where diagnostic tests of
blood sera revealed more than 26% of positive
samples.

Hematological studies showed that the max-
imum number of animals with leukosis in 2022
was registered in the Pavlogradsky — 285 (8.5%)),
Maryanovsky — 62 (2.7), Lyubinsky — 52 (0.9)
and Moskalensky — 48 (0.3%) districts of the
Omsk region.

At the final stage of research for predicting
possible scenarios of epizootic situation devel-
opment on bovine leukosis in 2023, the work on
studying of our previously compiled predictive
models with the help of spectral analysis and
ANN was continued [14].

For this purpose, several resulting modifica-
tions of ANN were created, the scheme of con-
struction of which basically remained the same.

Tab6a. 1. CeeaeHus o JUATHOCTUYCCKIUX UCCIICIOBAHUAIX 10 JICHKO3Y KPYITHOTO pOTAaTOTO CKOTa

B OMCKoO#1 oOnacTu

Table 1. Information on diagnostic studies for bovine leukosis in the Omsk region

. Year Total for 5
Studies
2018 2019 2020 2021 2022 years
Serologic:
total 384 236 381211 365 455 352 197 349 363 1 832 462
RID + 64 615 55085 64 198 54790 48 947 287 635
percentage 16,8 14,5 17,6 15,6 14,0 15,7
Hematologic:
total 147 657 149 890 150 668 144 231 124 317 716 763
sick 373 291 398 406 466 1934
percentage 0,25 0,19 0,26 0,28 0,37 0,27

"World Data Center for the production, preservation and dissemination of the international sunspot number // Royal Observatory
of Belgium (Brussels, Belgium). http://www.sidc.be/ silso/datafiles
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Cartogram of the BLV infection rates for 2022

As before, the input factors were Wolf numbers
with a shift of one year, a combination of har-
monics obtained as a result of spectral analysis
of the trend of BLV infection in the Omsk region
for 23 years. Unlike the previous neural network,
a qualitative factor is introduced under the con-
ditional name “Sigma”. This factor works as a
trigger and takes the value 1 in case of exceeding
the threshold of Wolf numbers 110, otherwise it
is equal to 0. In addition, the first two harmon-
ics are excluded from the input factors because
of their high correlation with the Wolf numbers.
Thus, the third to sixth harmonics, which, in our
opinion, are the most informative, were used for
analysis.

= -
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The introduction of auxiliary harmonic trends,
the “Sigma” factor is due to the internal incon-
sistency of the initial data of the system “Wolf
numbers - infected with BLV”. With their help,
the ANN is stabilized, training takes place for
a much smaller number of epochs. The output
parameter is still the trend “Infected with BLV”.

The first modification contained input factors
synchronized in time from the beginning of the
available trend of actual data on bovine leukosis
(from 1994), the second modification was creat-
ed retrogradely with counting from the current
year (from 2022). Another subgroup of neural
networks also belonged to the second modifi-
cation by the period of analysis, but the ANN
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packets in it were formed from the first to the
ninth layer with accrual according to an odd pat-
tern (modification 2.1).

Table 2 shows the coefficients for the two
modifications.

In both cases, an information matrix was
formed, having a period (7) of rows and col-
umns according to the number (V) of factors un-
der study. From this matrix the output parameter
(% of infected BLV) was subjected to spectral
analysis and several obtained harmonics accord-
ing to their number were entered into the matrix
as input parameters for ANN. The Wolf numbers
with a shift of 1 year and the calculated coeffi-
cient “Sigma”, which has a qualitative discrete
character, were also entered. After filling the
initial calculation matrix in the program written
in the R language, it generates several databases
in the .dbf format for analysis in the NeuroPro
program.

The number of neurons in a layer always re-
mains 10 by default. The number of layers in
the ANN, the number and composition of input
factors in the part of auxiliary harmonics were
changed in order to optimize the prediction. As a

result, 9 packages including more than 40 neural
networks were created and the final tables were
formed. Basically, the research was conducted in
the direction of increasing the number of layers
of the neural network, changing the composition
of harmonics included in the initial matrix for
analysis. In some ANNs, when increasing the
number of layers, a significant scatter of data
was noted. In others, on the contrary, the scatter
of prediction was minimal. The combination of
harmonics also affects the final value of the pre-
diction.

Table 3 presents a starting modification in
which the spectral analysis is performed from
the beginning of a known period.

According to the presented modification
when using five input factors but different num-
ber of neuron layers, the prediction of infection
rate using ANN for 2023 ranges from 17.40 to
19.04%, with increasing number of input fields
it ranges from 17.01 to 17.42%.

In the second modification, where input fac-
tors were synchronized from the end of the
observation period, the increase in neuronal
layers and input fields predicted a decrease in

Ta6a. 2. KoadduumeHnts! criekTpaabHbIX Mojenel napuiupopannoct BJIKPC
Table 2. Coefficients of spectral models of the BLV infection
Coefficients of the spectral model of BLV infection rate
Harmonic from 1994 till 2016 from 2000 till 2022
number
Acos Asin A [0) Acos Asin A 0]

1 -1,166 6,494 6,704 -0,251 5,109 1,656 5,37 1,257
2 0,446 -1,173 1,255 -3,505 -1,299 1,709 2,146 -0,65
3 2,23 0,026 2,23 1,559 -0,331 2,33 2,353 -0,141
4 0,168 1,061 1,074 0,157 -0,49 0,763 0,907 -0,571
5 -0,209 0,186 0,28 -0,845 -1,079 -0,052 1,081 -1,619
6 -0,606 -0,458 0,759 2,218 -0,723 0,375 0,815 -1,092
7 0,072 -0,5 0,505 —3,285 -0,678 0,349 0,763 -1,1
8 0,205 -0,273 0,342 -3,786 0,671 0,055 0,674 —1,488
9 -0,752 -0,63 0,981 2,268 -0,665 -0,922 1,137 -0,625
10 0,048 ~1,132 1,134 -3,099 0,16 0,486 0,512 0,318
11 0,638 -0,262 0,689 4,323 0,675 0,084 0,681 —1,448
A, 16,5 15,665

Note. A - amplitude, ¢ - phase, Ao - average of the numerical series.
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BLV infection rate to 10.26-10.39% in 2023
(see Table 4).

Application of the modification of ANN
formed by odd layers of neurons showed a de-
crease in the predicted value at the maximum
number of neural network layers with input
fields 3-5, according to which the virus carri-
er rate in 2023 should be 9.62; 8.84; 9.67%, re-
spectively (see Table 5).

It should be noted that changing the compo-
sition of input fields influenced the magnitude of
the predicted value. Thus, when using four input
fields, but of different composition, the expected
level of BLV carriage with the maximum num-
ber of layers in the ANN differed significantly,

Ta6ua. 3. IlapameTpsl u IPOTrHO3BI HEHPOHHBIX
cerelt (Mmogudukamnms 1)

Table 3. Parameters and forecasts of neural
networks (modification 1)

Num- ANN-1 package ANN -2 package

ber of

neuron | Nymber of Forecast Number of Forecast

layers input fields for 02/?23’ input fields for 02/?23’
1 5 19,04 6 17,01
2 5 18,25 6 17,39
3 5 18,27 6 17,42
4 5 17,40 6 17,36
5 5 17,79 6 17,30

Taoa. 4. ITapameTps! U IPOTHO3BI HEHPOHHBIX
cereld (MoguduKarus 2)

Table 4. Parameters and forecasts of neural
networks (modification 2)

Number ANN-3 package ANN-4 package
neﬁfon Number of Forecast Number of Forecast
layers | input fields for 3/0023’ input fields for 3/0023’
1 5 19,50 6 12,30
2 5 17,70 6 16,39
3 5 19,95 6 15,69
4 5 21,11 6 10,26
5 5 20,19 6 10,39

Ta6ua. 5. Mrorosas crarucTika npor1osa
Moudukarmm 2.1, %

Table 5. Final statistics of the forecast of
modification 2.1, %

ANN-5 | ANN-6 | ANN-7 | ANN-8 | ANN-9
Num-
ber of package | package | package | package | package
neuron Number of input fields
layers
3 4 4 5 6
1 17,48 18,64 17,3 10,45 11,33
3 16,21 20,28 17,71 14,62 12,36
5 16,23 23,98 16,59 11,26 10,24
7 18,73 18,3 9,92 10,09 11,06
9 9,62 26,31 8,84 9,67 17,60

which in one case should be 26.31% in 2023, in
the other — 8.84%.

When the number of layers was maximized
and the input fields were increased to six, the
number of BLV carriers was also predicted to
increase to 17.6%.

CONCLUSION

The level of cattle infection in the territory of
the Omsk region according to the results of sero-
logic studies in RID amounted to 16.8% in 2018,
14.51n 2019, 17.6 in 2020, 15.6 in 2021, 14.0%
in 2022, i.e. decreased by 1.16 times. Despite the
decrease in the number of seropositive samples,
BLV has a widespread and uneven tendency to
spread in all administrative-territorial units of
the region.

Several modifications of ANN have been cre-
ated on the basis of the obtained data on diag-
nostic studies, consisting in optimization of the
matrix of input factors and research of the influ-
ence of different numbers of layers of the neural
network, which makes it possible to consider
different scenarios of the expected development
of the epizootic situation on bovine leukosis
and to choose the most optimal models from the
point of view of the researcher.

Further search for additional input factors, as
well as ways to formalize the source material us-
ing alternative approaches of mathematical mod-
eling will allow to increase the forecast period.
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CpaBHHTe/IbHAsI OLIEHKA MPON3BOJACTBEHHBIX IIaT(opm
JJI51 TOJTyYeHHsl BAKIIUH HA OCHOBE KYPHUHBIX SUII
1 OMOTEXHOJIOTHIi TYTOBOI0 HIEJIKONPSiIa

CX1Omaros E.H."2, EBnaruna E.I'2, EBiarun B.I'.%, JleiinBedep E. .2

' Unousudyanvhulii npednpurnumamens

Cawmapa, Poccus
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Bak1uHbl SBJISIOTCS M3BECTHOM U HanbOoIee SkoHoMuYeckn 3()GEeKTUBHOI cTpaTeruei mpeaoTspa-
IIEHUS U TIOAABJICHUS TIO0ANBHBIX HHGeKui. {11 6e30macHoro, OBICTPOrO W KPYITHOMACIIITA0HOTO
MTPOM3BOJICTBA BAKIIMH Pa3padaThIBAIOTCS HOBBIE MPOU3BOACTBEHHBIC TUIAT(QOPMEBI, BHEAPEHUE KOTO-
PBIX CITIOCOOHO YCTPAaHUTH MPUCYIIHE TPAIUIIMOHHBIM IMPOU3BOICTBAM HemocTaTku. [loMmrmo 3Toro,
CO3JIAI0TCSl HOBBIC CHCTEMbI CTAOWIM3AlMM M JIOCTABKUA BAKIMH IS YCTPaHEHUS 3aBHCUMOCTH OT
«xoNof0BoM Lenu». CpaBHUTENbHAS OLIEHKA TPAIUIMOHHOM, HanboJee IMPOKO PacipoCTPaHEHHOM
B MHUpE IUIaTQOPMBI Ha OCHOBE KYPHHBIX SUIl ¥ OMOTEXHOJOTUYECKOW TIaTGOpMBbl Ha OCHOBE TY-
TOBOTO MIENKompsina (Bombyx mori), npeanaraeMoil K UCIOIb30BAHUIO B Ka4eCTBE aJbTEPHATUBBI,
SBIISIETCS TIETBI0 JaHHOTO 0030pa. C TOUKM 3peHUs] CHCTEMBI 3/IPaBOOXPaHEHUs, TPHIIIT MTPOIOIIKA-
€T 0CTaBaThCsl IMHCTBEHHOM OOJIE3HBIO YellOBEeKa, TPeOyIoMIel exxeroqHor BakunHauu. Vcxoms u3
9TOTO, MPEACTABICHHBIN 0030p OTpa)kaeT B OONbLICH CTENEHU CIEeUU(PHUKY JaHHOTO HarpaBiCHUS.
KommuiekcHast cpaBHUTENbHAS OIIEHKA KJIFOUEBBIX TPOU3BOACTBEHHBIX IMOKa3aTesel Ha 3Tanax BOCXo-
nsero (USP) u vucxonsmero (DSP) npoueccos, orpakaromas nux 3G(hekTHBHOCTb, MoKa3aia 3Ha-
YUTEITHHOE NMPEUMYIIECTBO OMOTEXHOIOTHYECKUX PEIICHNH Ha OCHOBE TYTOBOTO IIEIKOTPSIa Tepes
miaTgopMoit Ha ocHoBe SUIl. KpoMe Toro, BO3MOKHOCTE 3(h(DEKTHBHOTO MCIIOIH30BAaHUS KaK OCHOB-
HOTO (000JI0YKa KOKOHA, U3 KOTOPOH Tociie epepadoTKH IMOTyqaoT OMoMaTepHaltbl IIsl CTa0nm3a-
LMW U JIOCTABKH BAKIIMH), TAK U BTOPUYHOTO CBIPhs (KYKOJIKA TYTOBOTO IIEIKONPS/A, BRICTYIAOIIAS
B KauecTBe OMOpeakTopa JUIst HPOAYHPOBaHUs LIENIeBOro Oefka (reMarriroTuHuHa, HA)) mokassiBaet
NpeuMyIIecTBa mar(opMbl Ha OCHOBE TYTOBOTO HICIKOMPSIA U C TOUKH 3PEHUS ChIPHEBOH YHHUBEP-
CAJIbHOCTH TI0 CPABHEHUIO C TUIATPOPMOI Ha OCHOBE KypUHBIX SWII, & TAK)KE OTHOCHUTEIFHO APYTON
aJBTePHATHBHON TPOM3BOACTBCHHON MIaThOpMOi, pa3paboTaHHONW Ha 0a3e OMOTEXHOIOTHH COBKH
uu (Trichoplusia ni).

KuaroueBbie cjioBa: TyTOBBIN IIEIKONps, Kykoika, SPF-siina, mardopmsel ais mpous3BoOACTBa
BaKIIMH, CTA0MIIN3AlMs U IOCTaBKa BaKI[MH, TPOU3BOJICTBCHHAS () ()EKTUBHOCTD

Comparative evaluation of production platforms for chicken egg-based
vaccines and mulberry silkworm biotechnology

CX)Yumatov E.N."2, Evlagina E.G.%, Evlagin V.G.%, Leinweber E.F.?

ISole entrepreneur

Samara, Russia

2Research Station of Sericulture — Branch of North Caucasus federal agricultural research centre

Zheleznovodsk, Stavropol region, Russia
(C<De-mail: trast1207@mail.ru

Vaccines are well-known and the most cost-effective strategy for preventing and suppressing glo-
bal infections. New manufacturing platforms are being developed for safe, rapid and large-scale pro-
duction, the implementation of which can eliminate the inherent drawbacks of traditional production.
Furthermore, new vaccine stabilization and delivery systems are being developed to overcome de-
pendence on the "cold chain". The objective of this review is to compare the traditional and most wide-
ly used egg-based platform with a potential biotechnological platform based on silkworm (Bombyx
mori) as an alternative platform. From a public health perspective, influenza remains the only human
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for chicken egg-based vaccines and mulberry

silkworm biotechnology

disease that requires annual vaccination. For this reason, the presented review largely reflects the pe-
culiarities of this direction. A comprehensive comparative assessment of key manufacturing indicators
at the stages of USP and DSP, reflecting their effectiveness, showed a significant advantage of mulber-
ry silkworm-based biotechnological solutions over egg-based platform. The possibility of effectively
using the obtained raw materials, both primary (cocoon shell from which biomaterials are obtained for
stabilization and vaccine delivery after processing), and secondary, mulberry silkworm pupa which
serves as a bioreactor for the production of the target protein (hemagglutinin, HA) shows the advan-
tages of the mulberry silkworm-based platform and in terms of raw material versatility compared to
the chicken egg-based platform, and relative to another alternative production platform developed
based on cabbage looper (Trichoplusia ni) biotechnology.

Keywords: mulberry silkworm, pupa, SPF eggs, vaccine production platforms, vaccine stabiliza-
tion and delivery, production efficiency
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INTRODUCTION sonal and pandemic influenza, note that most of
them are manufactured using the chicken em-
bryo cultivation method, accounting for 84.5%
of global production capacity, while the share of
cell-based vaccines is 15.5%. R. Nuwarda et al.
[2] classify the following as new platforms for
influenza vaccine production: virus-like particle
(VLP)-based vaccines; antigen-presenting cell
(APC)-induced vaccines; nanoparticle-based
vaccines; and universal vaccines (providing
long-term protection and having a broad spec-
trum of action).

R. Cid and J. Bolivar [4] presented their
classification: 1) traditional platforms for pro-
tein vaccine production—these include bacteria

Vaccination is the most effective measure
for preventing influenza virus infection. Many
next-generation vaccines, developed using inno-
vative methods that reduce production time and
expand the spectrum of vaccine efficacy, are cur-
rently in the development stage [1]. Currently,
three types of vaccines are used worldwide: in-
activated influenza vaccine (ITV), live attenuated
influenza vaccine (LAIV), and recombinant vac-
cine (HA). Inactivated vaccines are divided into:
1) whole-virus (whole-cell) vaccines; 2) split-vi-
rus (split) vaccines; and 3) subunit vaccines' [2].

As a rule, vaccines are produced using chick-

en eggs (traditional method) and cell culture [2].
E. Sparrow et al. [3], reviewing global experi-
ence in the production of vaccines against sea-

(Escherichia coli), yeast, insect cells, and mam-
malian cells used as platforms for producing re-
combinant proteins; 2) new alternatives—non-E.

'Grohskopf L., Alyanak E., Broder K., Blanton L., Fry A., Jernigan D., Atmar R. Prevention and Control of Seasonal Influenza
with Vaccines: Recommendations of the Advisory Committee on Immunization Practices (United States, 2020/21 Influenza Season)//
MMWR. Recommendations and reports: Morbidity and mortality weekly report, 2020, vol. 69, N 8, pp. 1-24.
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coli bacterial systems, the use of unconventional
strains in yeast platforms, transgenic animals,
insects, plant-based systems, and microalgae.
Among the recombinant protein-based vaccines
approved for human use, yeast and insect cells
are the most widely used production platforms.
Characterizing the insect-based platform, the au-
thors note that the baculovirus expression vec-
tor system (BEVS) is not limited to insect cell
cultures. Their larvae or pupae can also be used
for the production of recombinant proteins. In-
dustrial production using insect cells, like any
other cultured cells, requires artificial media and
expensive bioreactors. Protein expression using
insect larvae as biofactories offers a cost-effec-
tive alternative to insect cell bioreactors and the
ability to produce large and multiple proteins
with simple production scaling. This system
has the advantage of high levels of protein ex-
pression with post-translational modifications
of complex proteins. Within this platform, the
most promising insect species are the mulberry
silkworm (Bombyx mori) and the cabbage looper
(Trichoplusia ni).

Chemical and physical pathways of vaccine
degradation, initiated by light, air pollutants, as
well as by temperature fluctuations, agitation,
ionic strength and pH changes during freeze-
thaw cycles, facilitate the deployment of an-
tigens, exposing the regions that serve as their
attachment points to form large insoluble par-
ticles, jeopardizing vaccine stability? [5]. Con-
sidering different approaches and substances for
stabilization of liquid vaccines (sugars, surfac-
tants, amino acids), as well as approaches to sta-
bilization of solid vaccines (freeze drying, spray
drying (alternative to lyophilization), film-based
dosage forms), I. Bajrovic et al. [6, 7] predict
that within the next 10 years there will be a mas-
sive transition to alternative methods of vaccine
stabilization in response to cold chain problems.
Silkworm cocoon shell derivatives, after down-
stream processing, are used to create means for
stabilization and delivery of vaccines.

Various terms are used to describe the tradi-
tional platform where chicken eggs are used as
raw material: “vaccine produced by cultivation
in chicken embryos”, “chicken embryo-based
vaccine”, “vaccines produced in fertilized chick-
en eggs”, or “egg-based vaccine”. Within this ar-
ticle, the term “egg-based vaccine” will be used.
Additionally, to avoid ambiguity, the concept of
a vaccine production platform will be interpret-
ed according to the classification by R. Cid and
J. Bolivar [4] as the host system in which target
proteins are produced: chicken eggs, bacteria (.
coli), yeast, insect cells, and mammalian cells.

The concepts of upstream and downstream
processes, or initial and subsequent processing
(Upstream/Downstream Process(ing), USP and
DSP), are most common in the biopharmaceu-
tical industry. An analogue of the process of
cultivating microorganisms, cells, or viruses is
the rearing of silkworms. In both cases, the goal
of the upstream process is to obtain raw mate-
rials, while the downstream process aims to
purify them from impurities to obtain the final
target product. For example, M. McNulty et al.
[8], in a techno-economic analysis of a plant-
based platform for the production of antimicro-
bial peptides, classify the cultivation of plant
seedlings as upstream processing (USP) and all
subsequent processes, from harvesting to purifi-
cation, as downstream processing (DSP). Thus,
based on the essence of the processes at the up-
stream and downstream stages of production, it
is appropriate to use the terminology of USP and
DSP in the context of this article regarding the
discussed production platforms.

The purpose of our research is a comparative
evaluation of the traditional, most widely used
egg-based platform worldwide and a potential
alternative based on silkworm biotechnology.

MATERIAL AND RESEARCH RESULTS

USP biotechnologies
In the comparative analysis, the biotechnol-
ogies of the upstream process for both the egg-

*Ohtake S., Kita Y., Arakawa T. Interactions of formulation excipients with proteins in solution and in the dried state // Advanced

drug delivery reviews, 2011, vol. 63, N 13, pp. 1053-1073.
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based platform and the B. mori-based platform
refer to the production of raw materials: SPF
eggs (specific pathogen-free eggs) and silkworm
cocoons. The B. mori cocoon is a shell con-
taining a pupa inside. In traditional sericulture,
the most valuable and primary raw material is
the cocoon shell, while the silkworm pupa is a
byproduct or secondary raw material. The 'bot-
tom-up' approach, based on transient expression
methods, allows the use of the pupa as a biore-
actor for producing target proteins, similar to a
chicken egg.

Transient expression system of B. mori
for the production of VLP

T. Motohashi et al.* reported the creation of
the first BmNPV bacmid system. Using this sys-
tem, they demonstrated a high level of green
fluorescent protein (GFP) gene expression in
pupae, silkworm larvae and its cell line by di-
rect injection of recombinant bacmid DNA as
well as recombinant baculoviruses. The BmN-
PV bacmid system using mulberry silkworm
biotechnology was evaluated as very attractive
because of its low cost (about 10% of the cost
of expression in insect cells), high biosafety. In
addition, the system under consideration is a
great breakthrough in the production of recom-
binant eukaryotic proteins and viruses, suitable
for large-scale production.

A. Usami et al.*, using a hybrid baculovi-
rus system, compared 45 recombinant proteins
from six categories on two models: mulberry
silkworm (larvae and pupae) and cell line Sf 9
(Spodoptera frugiperda). The authors noted that
silkworm-based production is more efficient:
one individual mulberry silkworm produces
about 70 times more protein than 10° Sf 9 cells
in 2 ml of culture medium.

K. Nerome et al.’ reported the possibility of
large-scale production of an artificial vaccine

based on virus-like particles (VLP) in mulberry
silkworm pupae. In the expression system estab-
lished by the scientists, four days after inocula-
tion of pupae with a recombinant baculovirus
containing a synthetic hemagglutinin H5 (HA)
gene optimized for mulberry silkworm codons,
the hemagglutination titer in homogenates of
infected pupae reached an average value of 0.8
million hemagglutination units (HAU), which
is approximately 2,000 mg of HA protein per
pupa and more than 50 times higher than that of
a chicken egg. The homogenates showed VLPs
with diameters ranging from 30 to 300 nm, cov-
ered with a large number of spines. The spines
were about 14 nm long, which was similar to the
true HA spines in influenza. Detailed electron
micrographs showed that the density of VLP
spikes was similar to that of genuine influenza
virus particles.

K. Maegawa et al. [9] created four recombi-
nant baculoviruses derived from B. mori nuclear
polyhedrosis virus (BmNPV) and Autographa
californica nuclear polyhedrosis virus (AcNPV)
for the production of mono- and bivalent influ-
enza vaccines consisting of virus-like particles
containing hemagglutinin. B. mori and Eri silk-
worm pupae were used to produce VLP-based
vaccines by infecting them with recombinant
BmNPV and AcNPV viruses. Inoculation with
the two recombinant viruses resulted in bivalent
vaccines containing very similar amounts of H5
and H7 antigens. The HA titer of the isolated bi-
valent vaccine was 838,808, including 62% H5
antigen (HS HA titer: 524,144) and 38% H7 an-
tigen (H7 HA titer: 314,644). Thus, the authors
demonstrated the feasibility of large-scale pro-
duction of bivalent vaccines.

K. Nerome et al. [10] successfully created a
chimeric cytokine (CC) containing M2 protein,
influenza A neuraminidase stem and interleu-

3Motohashi T., Shimojima T, Fukagawa T., Maenaka K., Park E. Efficient large-scale protein production of larvae and pupae
of silkworm by Bombyx mori nuclear polyhedrosis virus bacmid system // Biochemical and biophysical research communications,

2005, vol. 326, N 3, pp. 564-569.

‘Usami A., Ishiyama S., Enomoto C., Okazaki H., Higuchi K., Ikeda M., Nagaya H. Comparison of recombinant protein expression
in a baculovirus system in insect cells (Sf9) and silkworm // The journal of biochemistry, 2011, vol. 149, N 2, pp. 219-227.

SNerome K., Sugita S., Kuroda K., Hirose T, Matsuda S., Majima K., Nerome R. The large-scale production of an artificial
influenza virus-like particle vaccine in silkworm pupae // Vaccine, 2015, vol. 33, N 1, pp. 117-125.
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kin-12. They produced virus-like particles con-
taining CC and influenza hemagglutinin proteins
using the baculovirus system in Eri silkworm
pupae. This is the first study to develop an HA-
VLP vaccine containing CC, confirming its effi-
cacy against different strains of influenza virus,
laying the foundation for the development of a
universal influenza vaccine.

Mulberry silkworm pupa
and chicken egg as bioreactors

The production of recombinant derivatives is
possible in different parts of the mulberry silk-
worm during its life cycle: in the hemolymph
and fat body of the larva, pupa, cocoon sheath,
fibroin and sericin layers. It is the pupa that is
the most efficient for VLP production (for more
details see Sect. “Possible explanation for the
significant difference in the yield of recombinant
derivatives after purification").

In the framework of the traditional plat-
form, the raw material is SPF eggs. One of the
important factors affecting the technology of
influenza vaccine production is the quality of
the raw material used (chicken embryo). The
amount of active agent produced — hemagglu-
tinin — depends on it. P.E. Vandyshev, investi-
gating the increase in the efficiency of the use
of egg cross embryos in the production of in-
fluenza vaccines, found that the most optimal
age of chickens in the production of chicken
embryos is 270-450 days. During this period,
the volume of extracted allantois fluid reaches
8.3 ml with a loss rate of no more than 10%;
up to 70 pug of hemagglutinin can be obtained
when purified by tangential filtration® [11].
Fig. 1 shows the average values of weight and
length of mulberry silkworm pupa, chicken
eggs and embryos’ ® [11-13], fig. 2 shows the
ratio of cocoon and pupal sizes of silkworm
and chicken eggs.

DSP biotechnologies

The downstream process includes purifica-
tion of target proteins from mulberry larvae or
pupae, collection of virus-containing allantois
fluid from chicken eggs and purification of hem-
agglutinin. The cocoon shell of B. mori cocoon
is processed to produce biomaterials: fibroin
(SF), sericin (SS), and composites of fibroin and
sericin. SF can be used, among other things, for
the production of stabilization agents and vac-
cine delivery.

Purification of vaccine viruses
and virus-like particles

The yield of active agent (hemagglutinin in
mulberry pupae and allantois fluid in hen egg
embryos) after purification is a key indicator of
production efficiency in a top-down process. HA
content is expressed in milligrams per 100 eggs.
For mulberry silkworms, researchers report data
for one or more larvae or pupae. Selected data
on purification methods and yield of active agent
after purification are presented in Table 1.

Possible explanation
for the significant difference in the yield
of recombinant derivatives after purification

The apparent difference in the yield of target
proteins after purification between silkworm lar-
va and pupa finds explanation in research data.
Thus, H. Yagi et al. [14], studying mulberry silk-
worm pupae and larvae as producers of recombi-
nant glycoproteins (IgG) labeled with stable iso-
topes, compared the yield of IgG in larvae and
pupae. The yields of recombinant IgG purified
from the hemolymph fluid of larvae and pupae
whole body homogenates were 0.07 and 0.35
mg, respectively. Thus, pupal extracts showed
5 times higher yield than larval extracts. BmN-
PV infects blood cells and fat cells of mulber-
ry silkworm. The pupal body tissues are mainly
composed of body fat cells, which can express

*Vandyshev P.E. Increasing the efficiency of chicken embryos of egg crosses in the production of influenza vaccines: Candidate’s

thesis, Ryazan, 2023, 127 p.

"Burova D., Trubitsyn M. SPF egg production: current status and challenges // IOP Conference Series: Earth and Environmental

Science, 2021, vol. 937, N 3, p. 032028.

8Kamtongdee C., Sumriddetchkajorn S., Sa-Ngiamsak C. Feasibility study of silkworm pupa sex identification with pattern
matching // Computers and electronics in agriculture, 2013, vol. 95, pp. 31-37.
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Fig. 1. Comparative morphometric parameters
of B. mori pupa, eggs and embryos

Puc. 2. BI/I3yaJ'II/IBaL[I/I$I KOKOHOB C ’JKMUBBIMHU KYKOJI-
KaMU TyTOBOI'O LICJIKOIIPAAa U KYpHUHOI'O ﬁﬁua

Fig. 2. Visualization of cocoons with live mulberry
silkworm pupae and a chicken egg

recombinant proteins. For this reason, recombi-
nant IgG can be obtained from homogenates of
the whole pupal body. In contrast, because the
larval midgut contains a large number of prote-
ases, body fluid must be extracted before puri-
fication of recombinant protein® [15, 16]. This
may be the reason for the higher yield of recom-
binant IgG in pupae.

Comparison of different purification methods
for influenza vaccine production

The presence of ovalbumin (OVA) in the
vaccine, which constitutes more than 60% of
the total protein in the allantois fluid, can lead
to severe allergies. Hence, effective reduction
of ovalbumin is crucial for vaccine production.
Comparing two methods of influenza virus pu-
rification and concentration (zone gradient ul-
tracentrifugation and combined ultrafiltration/
diafiltration and exclusion chromatography pro-
tocol) used for seasonal vaccine production, N.
Asanzhanova et al.'” found that combined chro-
matography was comparable to the zone centrif-
ugation protocol in terms of ovalbumin removal
results. Comparison of the data revealed no no-
ticeable differences in the content of HA, pro-
teins, and OVA. The concentration of HA in the
obtained preparation was 102.8-119.5 pg/ml,
which corresponded to the preservation of 54.5—
68.8% of HA in the chromatographic method of
purification. For centrifugation, the HA content
was 297.1-401.2 pg/ml, which was equivalent
to the retention of 61.7-74.1% HA in the result-
ing product. Purification by both methods result-
ed in 1.62-2.50 (chromatography) and 1.3-3.2
pug/ml (ultracentrifugation) of the purified viral
material.

Application of silk proteins
for vaccine stabilization and delivery

Sensitive biological compounds, such as
vaccines and antibiotics, traditionally require a
time-dependent cold chain to maintain therapeu-
tic activity. The establishment of a single cold
chain can account for 80% of the total financial
cost of vaccination!'. Losses due to transporta-
tion and storage violations can amount to billions
of dollars, severely limiting vaccination options
in developing countries. To address these major

Franzetti E., Huang Z., Shi Y., Xie K., Deng X., Li J., Feng Q. Autophagy precedes apoptosis during the remodeling of silkworm

larval midgut // Apoptosis, 2012, vol. 17, pp. 305-324.

YAsanzhanova N., Ryskeldinova S., Chervyakova O., Khairullin M., Kasenov M., Tabynov K. Comparison of different methods
of purification and concentration in production of influenza vaccine // Bulletin of Experimental Biology and Medicine, 2017, vol.

164, pp. 229-232.

"Chen X., Fernando G., Crichton M., Flaim C., Yukiko S., Fairmaid E., Kendall M. Tmproving the reach of vaccines to
lowresource regions, with a needle-free vaccine delivery device and long-term thermostabilization // Journal of controlled release,

2011, vol. 152, N 3, pp. 349-355.
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Taoxa. 1. Ilokazarenu BbIXOJld TOCJIC OYHUCTKU BUPYCOB U BI/II)YCOHOI[O6HLIX qacTull U3 3M6pI/IOHOB
KYPUHBIX SUI, IUYUHOK U KYKOJIOK TYyTOBOI'O HICJIKOIIPpAAa

Table 1. Yield rates after purification of viruses and virus-like particles from chicken egg embryos,
larvae and pupae of mulberry silkworms

Sourc-

Purification method es*

Name Finished product yield

Mulberry silkworm larvae and pupae

1832 ng/doll; 90% of the HA fraction 1
was present as the heavy fraction; in
addition, most of the VLP was ex-
tracted from the heavy fraction in a
purified form

12 ml/20 pupae, 2
5 ml/10 pupae

Avian influenza virus protein
(hemagglutinin H7) Centrifugation in sucrose density

gradient

Bivalent vaccines VLP

Chicken embryos

HA protein Tangential filtering Up to 70 pg/egg 3
Viral protein in virions con- 4
centrarzed from allantois fluid Cligzmical (ilngctiva;cliori'and(puriﬁ— 1,4-27,0 mg/100 cggs

. cation used in production (e.g., su- . P
%—Iﬁrige\gr‘zsncl::éc):entrates crose density gradient ultracentrifu- ;hslrggxelml;m yield is about 10.5
pur . 4 gation and/or chromatography) ghvvees
HA in purified virus samples Relative content of HA 8,5-48,4%
Total viral protein About 1,8-8,0 mg/100 eggs 5

HA in vaccine and recombi-
nant viruses

Ultracentrifugation using a linear
sucrose density gradient

About 0,5-3,0 mg/100 eggs

*Sources: 1) Nerome K., Matsuda S., Maegawa K., Sugita S., Kuroda K., Kawasaki K., Nerome R. Quantitative analysis of the
yield of avian H7 influenza virus haemagglutinin protein produced in silkworm pupae with the use of the codon-optimized DNA:
A possible oral vaccine // Vaccine, 2017, vol. 35, N 5, pp. 738-746; 2) Maegawa K., Sugita S., Arasaki Y., Nerome R., Nerome K.
Interleukin 12-containing influenza virus-like-particle vaccine elevate its protective activity against heterotypic influenza virus
infection // Heliyon, 2020, vol. 6, N 8, p. 04543; 3) Vandyshev P.E. Increasing the efficiency of the use of chicken embryos of egg
crosses in the production of influenza vaccines: Candidate's thesis in Agriculture. Ryazan, 2023, 127 p.; 4) Johnson A.,Chen L.,
Winne E., Santana W., Metcalfe M., Mateu-Petit G., Donis R. Identification of influenza A/PR/8/34 donor viruses imparting high
hemagglutinin yields to candidate vaccine viruses in eggs // Plos one, 2015, vol. 10, N 6, p. 0128982; 5) Guan L., Ping J.,Lopes T,
Fan S., Presler R., Neumann G., Kawaoka Y. Development of an Enhanced High-Yield Influenza Vaccine Backbone in Embryonated

Chicken Eggs // Vaccines, 2023, vol. 11, N 8, p. 1364.

limitations, J. Zhang et al.'* proposed silk pro-
tein biomaterial matrices capable of stabilizing
labile vaccines and antibiotics at temperatures
up to 60 °C for more than 6 months. Live mea-
sles, mumps and rubella (MMR) vaccines were
the model vaccines for studying the stabiliza-
tion effect of silk matrices. Encapsulation in silk
films increased stability (expressed as the resid-
ual activity remaining after storage compared to
the initial activity) at elevated temperatures. Silk
was shown to be an effective carrier material for
increasing the thermostability of both antibiotics

and vaccines. Silk protein-based films allowed
to increase the half-life of the vaccine, reduce
unfolding and subsequent aggregation of pro-
teins by reducing residual moisture during stor-
age at elevated temperatures, provide structural
stability of the vaccine at elevated temperatures
affecting denaturation of viral proteins.

J. Stinson et al. [17] presented their devel-
opment — air-dried thin films for temperature
stabilization of polio vaccine (IPV) using silk
fibroin-based biomaterial. The thin film compo-
sitions were optimized for physical properties as

12Zhang J., Pritchard E., Hu X., Valentin T., Panilaitis B., Omenetto F.G., Kaplan D.L. Stabilization of vaccines and antibiotics
in silk and eliminating the cold chain // Proceedings of the National Academy of Sciences of the United States of America, 2012,

vol. 109, N 30, pp. 11981.
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well as for poliovirus D-antigen recovery and
tested under accelerated storage and real-time
stability conditions. IPV films made from silk
fibroin retained 70% of the D-antigen activi-
ty for almost three years when stored at room
temperature and more than 50% of the activity
of serotypes IPV-2 and IPV- 3 at 45 °C for one
year. Later J. Stinson et al. [18] to achieve stable
kinetics of vaccine delivery developed a patch
with silk fibroin-based micro-needles (MIMIX)
that contain the vaccine, embed into the der-
mis after brief application to the skin, and re-
lease antigen within 1-2 weeks, mimicking the
time course of a natural influenza infection. In
a preclinical mouse model, a single injection
of influenza vaccine using MIMIX resulted in
faster seroconversion, a response equivalent to
bolus immunization with prime-boost, high-
er HAI titers against drifting influenza strains,
and improved protection against lethal influenza
infection compared to intramuscular injection.
These results emphasize that infection mimicry
achieved with prolonged-release silk micro-nee-
dles is a viable approach to improve existing
seasonal influenza vaccines, accounts for the
broader potential of this platform technology to
create more effective next-generation vaccines
and vaccine combinations.

In 2023, Vaxess was the first company in the
world to complete a Phase I trial of a vaccine
patch with dissolving silk protein-based mi-
cro-needles with a delayed-release effect. The
study, conducted on 45 healthy patients, evalu-
ated the delivery of HIN1 influenza antigen (GC
Biopharma Corp.) using the MIMIX™ patch
(Vaxess), safety, reactogenicity, tolerability and
immunogenicity profiles for two doses of influ-
enza vaccine (a fractionated dose of 7.5 mcg
H1 vaccine and a standard dose of 15 mcg H1
vaccine compared to placebo), duration of the
immune response for each dose and breadth of
responses to influenza H1 antigen'’.

Bhttps://www.vaxess.com/news-vaxess-2023-year-in-review

An alternative platform for B. mori
biotechnology-based vaccine production,
stabilization and delivery

Among the biotechnological solutions aimed
at improving the production and economic per-
formance of traditional silk breeding, as well as
to obtain new types of products, the possibility
of using artificial nutrient medium (ANM) for
year-round cultivation of B. mori is a basic im-
provement, which, in conjunction with a variety
of biotechnological methods used at the stages
of upward and downward processes, allows to
obtain a wide range of new biomaterials to meet
the needs of regenerative silk breeding and bio
medicine [19]. The option of efficient use of not
only primary but also secondary raw materials
helps to optimize the use of raw material re-
sources, which generally increases productivity
and reduces costs. The main steps of the USP
and DSP processes of the B. mori-based plat-
form are summarized in fig. 3.

Production efficiency indicators
of biotechnology platforms

The quantitative index of target protein pro-
duction in mulberry silkworm pupa and chicken
egg in the ascending process and the yield of pu-
rified protein in the descending process charac-
terize the efficiency of their use as bioreactors or
conditional raw material units. The general indi-
cators characterizing the efficiency of the whole
platform are: raw material productivity and yield
of the final product obtained from this raw mate-
rial for a comparable period of time.

The following data were used to determine
raw material productivity:

1. The main production indicators for laying
hens are planting density, productive period, egg
productivity [20].

2. Parameters of Univent 550 and Univent
600 cage batteries with laying hens. 4 or 5 tier
version is possible'. With the 4-tier version the
total height of the construction is 2550 mm.
With a distance of 150 mm between the racks on

Yhttps://www.agriexpo.ru/prod/big-dutchman/product-171220-10433.html
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which the mulberry silkworm is reared, 17 tiers
correspond to the height of the cage battery.

3. Duration of the productive period of laying
hens is from the 22nd to 78th week of life [20],
1.e. approximately 392 days. The duration of the
rearing period of the Russian breed of mulberry
silkworm Kavkaz-2 is about 45 days [21]. Thus,
for 392 days, 8.7 cycles of B. mori rearing can
be carried out consecutively. In one cycle, the
cocoon shell and pupa of the mulberry silkworm
can be obtained.

4. The density of mulberry silkworm rear-
ing is an indicator of raw material yield, which
takes into account the need for additional area
required for cocoon curling (similar to the area
for rearing silkworm larvae). The viability of the
mulberry silkworm is 94% [21].

Comparative characteristics of the main pro-
duction indicators of USP- and DSP-stages for
laying hens and mulberry silkworm are present-
ed in Table 2.

An alternative platform for Trichoplusia
ni-based vaccine production

J. Escribano et al. [22] presented studies in
which the baculovirus expression vector system
(BEVS) using the pupa of the cabbage looper
(T’ ni) as a bioreactor was applied to produce a
recombinant subunit vaccine. The technology,
named CrisBio, was tested for the production of
dozens of proteins.

Its productivity reached several milligrams
per infected pupa. The production of CrisBio
biopharmaceuticals was industrialized through
the development of disposable plastic devices
for insect rearing and pupa storage, compatible
with machines specifically designed to automate
pupa handling and inoculation. Robotic and
intelligent systems were used to analyze qual-
ity and reject pupae based on physical criteria,
move selected pupae into plastic trays, and in-
oculate them at a rate of about 3,000 pupae per
hour. Extraction and purification of VLPs were

USP — cultivation of B. mori using artificial nutrient medium
The raw material is the living cocoon of B. Mori

l

I

Cocoon shell

Pupa

l

l

DSP (cocoon shell processing)
*» Production of fibroin (SF) and sericin (SS)
* Production of fibroin and sericin composites

DSP (pupa as a bioreactor)

* Inoculation of recombinant baculovirus containing
a synthetic hemagglutinin gene (HA)

» Subsequent separation and purification steps

l

l

Stabilization of purified antigens in the films (micro-needle patches and other forms) as a delivery means

Puc. 3. biaok-cxema ocHOBHBIX TporieccoB USP u DSP s monyuyenust u ctaOuimu3aiii BakIIiH Ha OCHOBE

onorexHonoruui B. mori

Fig. 3. Flowchart of the main USP and DSP processes for the preparation and stabilization of B. mori bio-

technology-based vaccines
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carried out using homogenization methods in
phosphate-buffered saline (PBS) extraction
buffer and recovery using protease inhibitors,
followed by clarification, diafiltration, purifica-
tion, and ultrafiltration steps to obtain purified
VLPs. The authors note that CrisBio technolo-
gy, unlike standard operating procedures used
in bioreactors, is extremely simple and reliable.
The capital and operating costs of this technol-
ogy platform are a fraction of those required for
bioreactor-based technologies. Its advantage is
its linear scalability, which depends only on
the number of infected pupae under predeter-
mined conditions. The stability of 7. ni pupal
production is very high and comparable to that
in cultured insect cells using the same recom-
binant baculovirus vector, but CrisBio is not
affected by environmental quality, relative gas
concentration or cell contamination as is the
case with bioreactor-based technologies. The
productivity of recombinant proteins in Cris-
Bio, measured by the concentration of recom-
binant protein obtained from 1 g of fresh insect
biomass, varies on average from 2 to 5 mg/g
of final product, in some cases productivity ex-
ceeds 10 mg/g. In addition, the process is very

versatile, as the biomass of infected pupae can
be stored frozen at —20 °C for at least two years
without significant degradation of the recombi-
nant proteins.

A. Falcon et al. [23] presented a subunit vac-
cine based on influenza HA against pandemic
avian influenza in 7. ni pupae in combination
with baculovirus vectors (using CrisBio® tech-
nology). The HA yield after extraction and
purification by affinity chromatography was
approximately 75 mg/ 1. The authors note that
despite the perceived complexity, in practice
the purification process was quite easy. The
absence of ovalbumin, which is an impurity in
hen egg-based vaccines, eliminated potential
adverse reactions in recipients. Moreover, in-
fluenza virus inactivation or organic extraction
procedures were unnecessary, mitigating po-
tential denaturing effects and safety concerns
arising from residual toxic chemicals in the
vaccine. Cost analysis showed that 4 times
less investment was required to organize pro-
duction of recombinant biological drugs using
CrisBio® technology compared to the costs of
setting up GMP-compliant production using in-
sect cell cultivation.

Ta6ua. 2. IIpumepHbie CpaBHUTEIbHbBIE XapAKTEPUCTUKN OCHOBHBIX MPOW3BOJICTBEHHBIX MMOKa3aTesen
USP- u DSP-3TanoB uist Kyp-HeCyLIEeK U TYTOBOTO LIEIKOIPsAa

Table 2. Approximate comparative characteristics of the main production indicators USP and DSP stages

for laying hens and silkworm

Indicator Laying hens Mulberry silkworm
Usp
Planting density, number of individuals/m? 22 1000
Productivity for 392 days, pcs/m? 3723 8178
Total height and number of cell battery tiers, mm (pcs.) 2550(4) 2550(17)
Output per 1 m? of floor area for the whole period in case of tier placement:
— main raw material: eggs, pcs; cocoon shell, kg 32762 17379
— secondary raw materials: pupa, pcs. - 69 513
DSP
Purified product yield per unit of raw material, mg 0,030-0,105 0,5-1,8
Yield of purified product from the obtained raw material for the comparable
period (392 days), mg 983-3440 34 757-125 124

Note. The purified product yields were calculated based on the data in Table 1.
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Alternative inoculation
and purification methods

Alternative methods have been developed for
inoculation of insect larvae and pupae. A new
method of oral infection of silkworms using
the cationic reagent lipofectin mixed with viral
DNA in an appropriate ratio was created by X.
Wau et al.” The mixture was applied to silkworm
leaves, which were then fed to the larvae. The
results showed that at a lipofectin concentration
of 0.1 pg/ul, oral infection of silkworms was
similar to the traditional inoculation method.

T. Jinn et al.'® found that recombinant A. cal-
ifornica multiple nucleopolyhedrovirus (AcMN-
PV) effectively infects 7. ni larvae by aerosol
inoculation. The method of immersing 7. ni lar-
vae in a virus-containing solution was equally
effective. These results indicated that both the
aerosol and immersion routes of infection were
via the respiratory tract. The aerosolized AcMN-
PV infection pathway was restricted to 7. ni and
Plutella xylostella larvae, whereas Spodoptera
litura and Helicoverpa armigera larvae were
resistant to this inoculation process. The yields
of DsRed and EGFP reporter proteins from 7. ni
larvae after aerosol infection were almost iden-
tical to those after oral administration (feeding)
or by injection.

When the recombinant B. mori baculovirus
recombinant baculovirus liquid is sprayed onto
the body surface of mulberry silkworm larvae,
the virus can also penetrate into the silkworm
cells and rapidly infect the insect by peripheral
tissue diffusion, eventually realizing total infec-
tion'”.

A method of infecting insect larvae and pupae
by soaking in a solution containing baculovirus

was presented in 2010 by a team of authors from
China. This method allows to simultaneously
treat a large number of larvae, achieve mass in-
fection of larvae or pupae, save labor. The virus
penetrates the respiratory tracts of larvae or pu-
pae, infecting them. It has been discovered by
chance that stressing the larvae or pupae com-
bined with soaking them provides a more effec-
tive infection. The above method of infection has
similarly high infection rates and expression lev-
els as the injection method. The infection rates
were: injection infection (INJ) 86.3 + 12.5%,
solution soaking (INF) 96.7 + 3.0%, and expres-
sion levels (RFP) 3.3 + 1.4 and 3.6 + 1.3 pg/ul,
respectively'®.

CONCLUSION

A comparative assessment of the key perfor-
mance indicators of a potential mulberry silk-
worm-based production platform reveals a num-
ber of advantages for the platform:

1) raw material versatility of this platform as
compared to platforms based on chicken eggs
and cabbage looper (allows to obtain and use
both primary and secondary raw materials);

2) raw material productivity of the platform
under consideration is more than 2 times higher
compared to platforms based on chicken eggs;

3) greater efficiency of raw material used as
a bioreactor — with similar methods of purifica-
tion, the yield of product per unit of raw material
in platforms based on mulberry silkworm pupa
is about 0.5-1.8 mg against about 0.030-0.105
mg for chicken eggs, which indicates a signif-
icant advantage of pupa as a bioreactor for the
production of target proteins.

SWu X., Cao C., Kumar V., Cui W. An innovative technique for inoculating recombinant baculovirus into the silkworm Bombyx
mori using lipofectin // Research in microbiology, 2004, vol. 155, N 6, pp. 462—466.

Jinn T, Kao S., Tseng Y., Chen Y., Wu T. Aerosol infectivity of a Baculovirus to Trichoplusia ni larvae: An alternative larval
inoculation strategy for recombinant protein production // Biotechnology progress, 2009, vol. 25, N 2, pp. 384-389.

Thttps://patents.google.com/patent/CN102885011A/en
8https://patents.google.com/patent/US20110314562A1/en
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Practical realization of the potential of a B.

mori-based production platform will compre-

hensively address the issue of efficient, rapid

and large-scale production of vaccines, while

ensuring the possibility of their subsequent sta-

bilization and delivery.
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MyKka U3 HACeKOMbIX KAK AJIbTEPHATUBHbIM KOPMOBOM UHI'PEIUECHT
B pPalMOHE CeJIbCKOX035IliCTBEHHbIX }KUBOTHBIX

XD JdykbssnuukoBa H.JL., llnmoéanosa T.A., Auapeesa U.B., lllatanosa E.W., Poraues B.A.
Cubupckuii ghedepanvhulil Hayunslll yenmp azpodouomexronocuti Poccutickoili akademuu nayx
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

(XDe-mail: lukyanchikovanl@sfsca.ru

[IpencrasieHsl pe3yabTaThl HCCIEN0BAHUS HOBBIX KOPMOBBIX CPEJCTB JJIS CETbCKOXO3SIICTBEHHBIX
JKUBOTHBIX. B CBSI3M ¢ cOKpalieHneM pOrU3BOICTBa phIOHON MyKH B Poccun, a Takke HeCTaOUIIbHBIM
KaueCTBOM KOMMEPYECKON MYKH KUBOTHOTO MPOUCXOKACHUSA, KOTOpask TPAAUIIMOHHO HCIIOIb3yeTCs
KaK MCTOYHUK TIOJTHOIIEHHOTO Oeflka, 0OOMEHHOW YHEPTUH M MaKpPOIIEMEHTOB B paIFiOHE JOMAIIHEH
TITUIIBI, CBUHEH, aKBaKYJIBTYPbI, aKTyaJIbHBIM CTaJl BOIIPOC MOWCKA aIbTEPHATHBHBIX KOPMOBBIX HH-
rpeaneHToB. V3ydeH BOMpPOC O BOSMOXKHOCTH 3aMEHBI PHIOHOW M MSICOKOCTHONH MYyKH Ha MYKYy W3
MPOMBILUIEHHO KYJIBTHBUPYEMBIX HACEKOMBIX. M3yueH OMOXMMHUYECKUI cOCTaB KOPMOBOH MYKH W3
HAaceKOMBIX pasnnuHbix oTpsoB (Diptera, Orthoptera, Coleoptera, Blattodea), mepcrieKTHBHBIX ISt
MIPOMBIIIJIEHHOTO KYJIBTUBUPOBaHUs. biarogaps BBICOKOMY CONIEP)KaHUIO CBHIPOTO KHpa U CHIPOTO
MpOTerHa OOMEHHas PHEpPTrHs B JAHHOM INPOJIYKTE, OTPEeNeIeHHas U MTUIl U CBUHEH, nMena boee
BbIcOKHME 3HaueHus (16,4-21,60 MJIX/KT), 9eM B UCCIIEIOBAaHHBIX 00pa3ax KOMMEPUECKON PHIOHOM
Y MSICOKOCTHON MYKH OT€4eCTBEHHBIX npou3Boauteneii (13,7-18,73 M/x/kr). Conepxanue CIpOro
MIPOTEMHA B MYKE M3 HACEKOMBIX PA3HBIX OTPSI0B MMeENO 3HaueHue orT 45 1o 87%, mpu 3ToM 101
MIEPEeBapUMOro TEICUHOM IPOTeHHA cocTarisiia 59,2—87,6%. AOCONIIOTHOE KOJIMYECTBO TIEpEBapH-
MOTO METICHHOM TIPOTEHHA B 00E3KUPEHHON MyKe M3 MCCICJOBAHHBIX BUIOB HACCKOMBIX COCTABHUIIO
45,8-61,0 /100 r 1 OBUIO COMOCTABUMO CO 3HAUYECHHSIMH, ITOTYYCHHBIMU JUTS 00€3)KUPEHHON PHIOHON
(43,9—72 /100 1) m msacokoctHO# MykH (34,8-68,3 1/100 1) pasuex npousBoguteneit. [lo comeprka-
HUIO MaKpO3JIeMEHTOB (Kaiblus v pocdopa) IPOoayKT 3HAYUTEIHHO YCTYIIAI PHIOHOH U MSICOKOCTHON
Myke. Taxke B MyKe M3 HACEKOMBIX OTMEYEHO 3HAYUTEIbHOE KoauuecTBO xuTuHa (4,1-7,2%), uTo
MOJKET 0Ka3aTh CyIECTBEHHOE BIMAHNE Ha KOPMOBYIO [IEHHOCTh MPOIYKTA.

KuroueBble cjioBa: MpOMBIIIIIEHHO KYJIBTUBUPYEMbIe HACEKOMbIE, MyKa U3 HACEKOMBIX, OOMEHHas
SHEPrusi, KOPMOBas IIEHHOCTH, CHIPOH MPOTENH, IEPEBAPUMBII MPOTEUH, XUTUH

Insect meal as an alternative feed ingredient in the diet of farm animals

(<) Lukyanchikova N.L., Tsimbalova T.A., Andreeva L.V., Shatalova E.I., Rogachev V.A.
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The results of research on new feeding products for farm animals are presented. Due to the reduc-
tion of fish meal production in Russia, as well as the unstable quality of commercial fish meal of ani-
mal origin, which is traditionally used as a source of complete protein, metabolizable energy and mac-
ronutrients in the diet of poultry, pigs, aquaculture, the issue of searching for alternative feed ingre-
dients has become relevant. The possibility of replacing fish and meat and bone meal with meal from
industrially cultured insects has been studied. The biochemical composition of feed meal from insects
of different orders (Diptera, Orthoptera, Coleoptera, Blattodea) promising for industrial cultivation
has been studied. Due to the high content of crude fat and crude protein, the metabolizable energy in
this product, determined for poultry and pigs, had higher values (16.4-21.60 MJ/kg) than in the stud-
ied samples of commercial fish and meat and bone meal of domestic producers (13.7-18.73 MJ/kg).
The crude protein content of insect meal from different insect orders had the values ranging from 45 to
87%, with the proportion of pepsin digestible protein ranging from 59.2-87.6%. The absolute amount
of pepsin digestible protein in defatted meal from the insect species studied was 45.8-61.0 g/100 g
and was comparable to the values obtained for defatted fish meal (43.9—72 g/100 g) and meat and bone
meal (34.8-68.3) from different producers. At the same time, the content of macronutrients (calcium
and phosphorus) of the product was significantly inferior to fish and meat and bone meal. Also, insect
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meal had a significant amount of chitin (4.1-7.2%), which may have a significant impact on the feed

value of the product.

Keyword: industrially cultivated insects, insect meal, metabolic energy, feed value, crude protein,

digestible protein, chitin
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INTRODUCTION

Currently, in global practice, it is an undeni-
able fact that industrially cultivated insects are
used as raw materials for producing feed and
food protein' [1, 2]. This direction of practical
activity is relevant due to the shortage of animal
protein and the search for alternative sources
of this valuable component in animal diets and
human nutrition. In the Russian Federation, this
issue is particularly acute in the production of
feed for aquaculture. Currently, the production
of feed for valuable fish species accounts for
10-15% of the imported volume, but there is a
significant shortage of this product in the domes-
tic market [1].

Industrial insect cultivation has several ad-
vantages over traditional livestock farming.
These include: a lower feed conversion ratio for
insects compared to all types of farm animals
(cattle, pigs, poultry); the ability to use organic

waste (food waste, as well as waste from mill-
ing, brewing, meat, and winemaking industries)
for the industrial cultivation of insects—such as
black soldier fly, cricket, mealworm, housefly,
and others. Overall, their production is associat-
ed with lower land and water resource consump-
tion and minimized negative environmental im-
pacts®*[2-5].

Insects are characterized by a high content of
complete protein, fat, minerals, vitamins, bio-
logically active substances, insect protein com-
position is characterized by a high content of es-
sential amino acids (see footnote 3). According
to literature data, the amino acid composition of
Diptera insect larvae (which includes the black
soldier fly) is the best substitute for fishmeal for
aquaculture compared to insects of other insect
groups [6].

Positive results have been obtained in exper-
iments on partial replacement of fish meal with

"Wan Huis A. Potential of insects as food and feed in assuring food security / Annual Review of Entomology, 2013, vol. 58,

pp- 563-583. DOI: 10.1146/annurev-ento-120811-153704.

2Oonincx D.G.A.B, Van Broekhoven S., Van Huis A., Van Loon J.J.A. Feed conversion, survival and development, and composition
of four insect species on diets composed of food by-products //PLoS ONE, 2015, N 10 (12), P. e0144601. DOI: 10.1371/journal.

pone.0144601.

3Sanchez-Muros M.J., Barroso F.G., de Haro C. Brief summary of insect usage as an industrial animal feed // Feed Ingredient,

2016, pp. 273-309. DOI: 10.1016/B978-0-12-802856-8.00010-7.

‘Wang Y.-S., Shelomi M. Review of black soldier fly (Hermetia illucens) as animal feed and human food // Foods, 2017, N 6 (10),

p- 91. DOI: 10.3390/f00ds6100091.
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insect meal in the feeding of pigs [7], quails [8],
turkeys [9], chickens [10], partridges®, aquacul-
ture [6].

Currently, the company Novye Biotech-
nologii® (Lipetsk) is producing feed protein from
fly larvae of the Lucilia caesar population by
processing shredded meat waste. The company
InAgroBio (Yaroslavl Region), specializing in
aquaculture, breeds house flies (Musca domesti-
ca) to provide fry with fodder of its own produc-
tion’. Animal feed protein based on black sol-
dier flies is produced by Biogenesis (Moscow)?,
Entoprotek LLC (International Biotechnology
Company), EcoBelok (Moscow), NordTekhSad
(Arkhangelsk).

In accordance with GOST 70269-2022°, the
Kjeldahl method is recommended for estimating
the crude protein content of insect flour, using
a nitrogen-to-protein conversion factor of 6.25.
The exoskeleton of insects is known to contain
chitin, which is a nitrogen-containing polysac-
charide (with an estimated nitrogen content of
7.22%). Therefore, this method gives overes-
timates, with the error being greater the higher
the chitin content of a particular species. In ad-
dition, some insect proteins are firmly embed-
ded in the chitin matrix and are not digested in
the digestive tract of animals!'®. Therefore, for an
objective assessment of the feed value of insect
meal, it is necessary to determine the amount of
protein digested by pepsin in the raw material
under study.

Other substances contained in the products
obtained from insects are also of practical val-
ue. Chitin and its derivative— chitosan, fatty acid
complex, organic forms of mineral substances,

melanins, antimicrobial peptides, hormones,
etc.!! [3, 4, 11-12] are in demand on the world
market. A valuable product is fat extracted from
insect biomass during their processing [13].

The purpose of the research is to study the
biochemical composition of insect meal from
different insect species, promising for industri-
al production, and to compare it with traditional
sources of animal protein, included in the com-
position of feeds for farm animals and aquacul-
ture — fish and meat-bone meal.

MATERIAL AND METHODS

The objects of the study were laboratory cul-
tures of insects: black soldier fly Hermetia illu-
cens L. (Diptera), house cricket Acheta domes-
ticus L. (Orthoptera), yellow mealworm beetle
Tenebrio molitor L. and zophobas Zophobas
molitor Fabr. (Coleoptera), marbled Nauphoe-
ta cinerea Oliver and black Ruspocellus nigra
Brun. cockroaches (Blattodea). Populations of
these insects are maintained in the laboratory
of biological control of phytophages and phy-
topathogens at the Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian
Academy of Sciences. The stages of the insect
life cycle (larvae of the black lionfly, zophobas,
yellow mealworm beetle and adult forms of the
house cricket, black and marbled cockroaches),
at which they reached their maximum mass,
were used as a source of feed protein.

Populations of black and marbled cockroach-
es and house crickets were kept in laboratory
conditions on a fruit and vegetable diet with the
addition of protein feed used in poultry and live-

SSeccia G., Moniellob G., Gascoc L., Boverad F., Parisia G. Barbary partridge meat quality as affected by Hermetia illucens and
Tenebrio molitor larva meals in feeds // Food Research International, 2018, vol. 112, pp. 291-298. DOI: 10.1016/j.foodres.2018.06.04.

Processing of organic agricultural waste by fly larvae to produce protein for animals, poultry and fish, and to produce organic

fertilizers. URL: https://www.zooprotein.com/

"Protein of the XXI century: crickets, cockroaches and fly larvae. URL: https://agrarii.com/protein-xxi-veka-sverchki-tarakany-

i-lichinki-muh

8Patent 654 220 C1. Babaev N.A., Bastrakov A.IL., Sokolov I.V. Method of processing organic waste by fly larvaec Hermetia
illucens with obtaining protein of animal origin and biohumus. 2017.

9GOST 70269-2022 Biotechnology. Fodder flour from insect biomass. Technical conditions. Moscow, Russian Institute of

Standardization, 2022, 8§ p.

Jonas-Levi A., Martinez J.-J. I. The high level of protein content reported in insects for food and feed is overestimated // Journal
of Food Composition and Analysis, 2017, N 62, pp. 184—188. DOI: 10.1016/j.jfca.2017.06.004.

"Wang Y.-S., Shelomi M. Review of Black Soldier Fly (Hermetia illucens) as Animal Feed and Human Food // Foods, 2017, vol.

6 (10), p. 91. https://doi.org/10.3390/foods6100091.
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stock production. Wheat bran was used as a sub-
strate and the main feed component for larvae of
the yellow mealworm beetle and Zophobas, and
juicy food (carrots, potatoes) was given twice a
week to maintain water balance and vitaminiza-
tion. The larvae were reared to marketable prod-
ucts, i.e., to an older age, after which they were
used for experiments.

The technology of semi-industrial produc-
tion of forage black soldier fly and maintenance
of breeding stock included two stages: keeping
adults and obtaining eggs; keeping larvae and
obtaining pupae. Adults were kept in mesh in-
sectaries at temperatures ranging from +27 to
+31 °C under 24-hour illumination (a 4000 K
daylight lamp was used). Black soldier fly eggs
were placed in a substrate (wheat bran with 70%
humidity) and transferred to a larvarium where
air temperature was maintained from +20 to
+22 °C. Larvae intended for feeding purpos-
es, when they reached the age of 3 weeks were
sieved on a vibrating screen with a cell size of
3 mm, then washed with warm water and used
for experiments. Soldier fly larvae intended for
maternal stock were continued to be fed until
pupation in order to obtain adults of the next
generation.

The studied insects, kept one day on starva-
tion and subjected to rapid freezing at -20 °C,
in an amount of at least 200 g were dried on a
household microwave oven with a power of 800
W for 10 min. The dried insects were ground on
a laboratory mill, after which the biochemical
parameters of the obtained meal were examined
and compared with the samples of commercial
fish and meat-bone meal from different domestic
manufacturers.

The average sample from black soldier fly

flour was prepared in accordance with GOST
70269-2022, from fish flour — in accordance with
GOST 13496.0-2016'. The mass of the sample
from which the average sample was prepared
was 2.5 kg for flour from black soldier fly lar-
vae, 500 g for flour from insects of other species,
and at least 2.5 kg for fish meal. All biochemical
tests were performed in duplicates according to
GOST recommendations. The arithmetic mean
of measurements was taken as the final result.

Crude protein was determined in accordance
with GOST P 70269-22 by the Kjeldahl meth-
od. The content of crude fat, crude fiber (chitin),
moisture, crude ash was determined according
to GOST R 70269-2022, calcium — according to
GOST 32343-2013" and phosphorus — accord-
ing to GOST 51420-99'. Pepsin digestible pro-
tein was determined in accordance with GOST P
51423-99%.

Nitrogen-free extractive substances (NES)
were calculated according to the formula

NES=100-H-CP-CF-CFb-C3. (1)

where ME — metabolic energy, MJ/kg; H — hu-

midity, %; CP — crude protein, %; CF — crude

fat, %; CFb — crude fiber, %; CA — crude ash, %.

The metabolic energy was calculated in 1 MJ

for 1 kg of feed according to the formulas'e:
For birds ME = (331,53 + 1,002 x CP +

+ 3,855 x CF — 3,315 x CA)/23,88, (2)

For pigs ME = (331,53 + 1,002 x CP + 3,855

x CF -3,315 x CFb—3,315 x CA) x 0,042. (3)

To determine digestible protein, insect meal,
as well as fish and meat and bone meal obtained
by the method described above were degreased
on a Soxtec (Foss) fat analyzer with petroleum
ether with a boiling point of 40—70 °C for 6-8 h

2GOST 13496.0-2016. Feeds, mixed fodder. Methods of sampling. Moscow: Standardinform, 2016, 14 p.

BGOST 32343-2013. Feed, mixed fodder. Determination of calcium, copper, iron, magnesium, potassium, sodium and zinc by
atomic absorption spectroscopy. Moscow: Standardinform, 2020, 16 p.

“GOST 51420-99. Fodders, mixed fodders, mixed fodder raw materials. Spectrometric method for determining the mass fraction

of phosphorus. Moscow: Standartinforma, 2020, 6 p.

SGOST R 51423-99. Fodder, mixed fodder, mixed fodder raw material. Method for determining the mass fraction of soluble
nitrogen after treatment with pepsin in dilute hydrochloric acid. Moscow: Standardinform, 2020.

'“Methodology of calculation of metabolizable energy in forages based on the content of crude nutrients (for cattle, sheep and
pigs) / M.P. Kirillov, E.A. Makhaev, N.G. Pervov, V.V. Puzanova, A.S. Anikin / Dubrovitsy: Ministry of Agriculture of the Russian
Federation RAS VNIIZh, 2008. http://meganorm.ru/Data/1/4293764645.htm
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and dried at room temperature (see the figure).
Then the obtained product was hydrolyzed with
pepsin (porcine whey pepsin with enzymatic ac-
tivity of more than 1.5 million units) in 0.075 M
hydrochloric acid, pH 1.3, and the crude protein
in the hydrolysate and the mass fraction of crude
protein in the initial product were determined.

RESULTS AND DISCUSSION

According to the data obtained, the amount
of crude protein, determined in accordance with
the Kjeldahl method, in dry flour for different
insect species was from 45.0 to 87.4% (see
Table 1). The highest amount of crude protein
was found in the flour of the black cockroach
(87.4%), a little less in the flour from adult crick-
ets (64.18%) and marbled cockroach (62.05%),
in the flour from the larvae of the black soldier
fly, yellow mealworm beetle and Zophobas its
content varied from 45.00 to 48.13%. It should
be noted that in the samples of fish and meat and
bone meal from different producers, there was
also a very large variation of this indicator: in
fish meal the values ranged from 44.8 to 69.8%,
in meat and bone meal — from 50.0 to 64.37%
(see Table 1).

Insect flour is characterized by high fat con-
tent: the highest amount of crude fat was ob-
tained from the flour of black soldier flies, zo-
phobas and yellow mealworm beetle and ranged
from 32 to 40%, which is undesirable in the

Grinding

_. l' I m
Defatting Defatted flour

composition of feed mixtures for certain animal
species, in particular for fish [14], and implies
the procedure of degreasing the product.

At the same time, the sum of insect flour com-
ponents determined in accordance with GOST R
70269-2022 (humidity, crude fiber, crude pro-
tein, crude ash, crude fat) may exceed 100%,
since fiber (chitin) in insect flour is counted
twice: when crude protein is determined by the
Kjeldahl method and when crude fiber is deter-
mined by the gravimetric method (as in the case
of black cockroach flour, see Table 1).

To obtain objective indices of protein content,
we determined the amount of pepsin-digest-
ible protein in defatted insect meal, as well as
in defatted fish and meat-bone meal (see Table
2). The digestible protein content in insect meal
was 56.0-66.8 g/100 g in absolute values, while
in different samples of fish meal these values
ranged from 43.9 to 72%, in meat and bone meal
— from 34.8 to 68.3% depending on the batch
and manufacturer (see Table 2). According to the
content of digestible protein in relation to crude
protein, the best values were observed in the
black soldier fly (85%), yellow mealworm bee-
tle (87.6%), house cricket (79.1%) and Zopho-
bas (82.5%), the lowest values were observed in
the flour of black and especially marbled cock-
roaches (64.2 and 59.2%, respectively). Taking
into account that the content of crude chitin in
flour from marbled and black cockroaches is not

Microwave

drying

Cxema MOJIy4YCHUA O6eS)KHp€HHOﬁ MYKH U3 HACCKOMBIX

Scheme for the production of defatted insect meal
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Taoa. 1. buoxuMuyecknii cocTaB MYKH U3 HACCKOMBIX 11O CPABHCHUIO C pa3JINYHBIMU O6p33HaMI/I

PBIOHOH 1 MSICOKOCTHOM MYKH

Table 1. Biochemical composition of insect meal compared to various samples of fish and meat and

bone meal
. Nitro-
Mois- Crude Cr%l(,ie gen-free . Phos- ME for ME for
. ture . Crude chitin | Crude . Calci- | pho- . .
Object of study tent protein, fat. % fib h. % extractive o Ca/P | pigs, MJ/ | birds, MJ/
content, % at, % | (fiber), | ash, % substanc- um, % | rus, ke ke
% % %
es, %

Black soldier fly (larva) 6,77 | 46,60 | 32,0 4,1 7,70 | 2,83 0,4 10,7710,52| 19,22 19,02
Zophobas (larva) 5,00 | 45,00 | 40,0 3,8 4,00 | 2,20 | 0,36 | 0,84 (0,57 21,10 20,83
House cricket 15,00 | 64,18 | 10,40 | 5,14 | 4,24 1,04 | 0,35]0,63|0,56| 16,40 16,7
Black beetle 5,90 | 87,40 | 17,70 | 5,78 | 3,72 | -20,5* | 0,60 | 0,63 {0,95| 18,95 18,3
Marbled cockroach 6,75 | 62,05 | 9,67 7,2 3,90 | 10,43 | 0,31 | 0,61|0,51| 18,88 18,5
Yellow mealworm beetle 6,62 | 48,13 (3230 | 4.4 3,10 | 5,45 | 0,26 |0,56|0,46| 19,77 19,22
Fish flour

(3AO «Pocserdhapm») 5,20 | 61,40 | 10,00 | 0,6 17,5 5,3 51 13,75(1,36| 15,61 15,56
Fish flour (Vladivostok) 5.24 169,80 | 9,20 0,6 |14,20| 0,96 4,1 12,79 |1,47| 13,70 18,58
Fish flour 1

(00O Vector, Barnaul) 6,90 | 44,80 | 16,70 | 0,72 |27,80| 3,08 5,1 3,38(1,51| 13,69 14,50
Fish flour 2

(00O Vector, Barnaul) 4,0 | 58,20 (10,00 | 0,72 |[23,00| 4,08 4,7 3,18 1,48| 14,44 14,65
Feed meal of animal origin,

1st grade (according to 9,0 |50,00]| 13,00 2,00 |26,00| 0,0 10,1 | 7,57 11,33 13,83 14,19
GOST 17536-82)

Meat and bone flour, 462 | 6437 1415| 12 |1537] 029 | 45 3,09 |1.46] 1872 | 16,57

Biotech” enterprise

*The negative value of nitrogen-free extractive substances determined by formula (1) is due to the fact that chitin is a nitrogen-
containing compound and is accounted for twice in the formula: as fiber and as crude protein determined by the Kjeldahl method.

higher than in flour from other insects studied, it
can be assumed that cockroaches have a rather
high content of protein firmly embedded in the
chitin matrix, which is not broken down by di-
gestive enzymes.

In terms of absolute values, the content of di-
gestible protein in defatted insect meal is compa-
rable to the best samples of fish and meat-bone
meal (see Table 2).

The content of mineral elements in feeds'” is
important for a balanced fodder ration of pro-
ductive animals, in connection with which there
is a need to assess these indicators in primary
raw materials in the production of feeds for spe-

cific animal species. Thus, the component com-
position of mixed fodders for pond carp fishes,
as arule, is depleted of mineral elements, or they
are in a form inaccessible for digestion by fish
enzymes. Natural food (plankton, insects, un-
derwater vegetation, etc.) contains all necessary
elements in physiologically agreed ratios in ac-
cordance with the salt composition of water, and
therefore it is an important supplement, leveling
the shortcomings of the mineral part of mixed
fodders'®.

According to our data (see Table 1), the
amount of calcium and phosphorus in the sam-
ples of insect meal differed insignificantly, but

Medvedsky V.A., Bazylev M.V., Bolshakova L.P., Munayar H.F. Biological basis of mineral nutrition of poultry // Scientific

Review. Biological Sciences, 2016, N 2, pp. 93-108.

""Nutrient requirements of fish: mineral elements. URL: http://www.aquaristics.ru/pond/forage/potrebnost-ryb-v-pitatelnyh-

veschestvah-mineralnye-elementy
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Taoa. 2. CoxepkaHue CbIPOro U MEpeBapuMOro mpoTenHa B 00e3KUPEHHON MyKe U3 HACEKOMBIX
M0 CPAaBHEHHUIO C Pa3IMUHBIMU 00pa3aMu 00e3KUPEHHOI PHIOHOM U MACOKOCTHOM MYKH, %

Table 2. Crude and digestible protein content of defatted insect meal compared to different samples

of defatted fish and meat-bone meal, %

. Crude I.’epsi.n- Prqportion of protf-:in Crude
Object of study (defatted flour) orotein digestible | digested by pepsin |  fiber

protein in relation to crude protein | (chitin)
Black soldier fly (larva) 65,9 56,0 85,0 7,8
Zophobas (larva) 65,6 54,1 82,5 8,7
House cricket 77,51 61,0 79,1 5,6
Black beetle 91,1 58,5 64,2 7,8
Marbled cockroach 77,33 45,8 59,2 7,7
Yellow mealworm beetle 71,1 62,3 87,6 8,7
Fish flour (3A0 «Pocserdapm») 68,2 66,8 98,0 0,7
Fish flour (BraguBocTok) 72,19 72,0 99,7 0,7
Fish flour 1 (OOO «Bekropy, bapuay) 44.8 43,9 98,0 0,83
Fish flour 2 (OOO «Bexktop», baprayn) 58,2 56,45 97,0 0,8
Feed el of il iy, Lt grade
Meat and bone meal (poultry), “Biotech” enterprise 78,5 68,3 87 2,0
Meat and bone meal (ZAO “Rosvetfarm™) 44,53 34,8 78,1 2,0

in general was significantly inferior to fish and
meat-bone meal. At the same time, the calcium/
phosphorus ratio in insect meal was less than
one, which does not correspond to the optimal
values (1.1-1.4 for fish, 2.15-2.25 for poultry
and 1.3 for pigs), while in fish and meat and
bone meal samples this ratio was optimal (see
Table 1).

In terms of metabolizable energy levels cal-
culated from crude nutrients for both pigs and
poultry, flours derived from all insect species ex-
ceed this value for commercial fish and meat and
bone meal samples (see Table 1).

The obtained results indicate that, taking into
account the limited resource of fish products,

insects are a promising alternative source of
animal protein for feeding productive animals.
However, when rationing this product in diets,
it is necessary to take into account the high con-
tent of chitin in whole insect meal and take into
account the share of digestible protein, as well as
to correct the content of calcium and phospho-
rus with the help of mineral supplements. Reli-
able assessment of insect meal fodder qualities
can be made only after its research on animals
with the study of the quality of the obtained food
products, their cost and profitability.

CONCLUSIONS

1. The metabolizable energy of insect flour
from six studied insects of different groups, cal-
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culated by crude matter, exceeds the values of
metabolizable energy calculated for different
samples of fish and meat and bone meal, which
is due to the higher content of crude fat and
crude protein in insect flour. The exchangeable
energy of insect meal of different species calcu-
lated for birds was 16.7-20.83 MJ/kg, for pigs
it was 18.88-21.10 MJ/kg, while the values for
fish and meat and bone meal were in the range of
13.7-18.72 MJ/kg.

2. The proportion of protein digested by pep-
sin in relation to crude protein in insect meal
from the studied insect species is 59.2-87.6%,
which is less than in fish meal (98-99%), but is
at the level of values for meat and bone meal. By
the absolute amount of digestible protein (grams
per 100 g of feed), all samples of insect meal are
comparable to the best samples of both fish and
meat-bone meal.

3. The crude fiber content in insect meal is
significantly higher than in all samples of fish
and meat and bone meal due to the presence of
chitin and is 4.10-7.2%.

4. The content of calcium and phosphorus in
insect meal is significantly inferior to the indica-
tors obtained for fish and meat-bone meal. At the
same time, the ratio of calcium and phosphorus
in all species of insects is less than unity with
optimal values for feeds 1,00-2,25.
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Oco0eHHOCTH NPOSIBJICHUA JICK03a KPYITHOI'0 POraToro CKoTa
Ha TeppuTopuu Pecny0suku ToiBa

<) Jlomcan Y.0.

TysuncKull HAYYHO-UCCAE008AMENbCKULL UHCIMUMYM CelbCKo20 Xo3sticmea — gunuan Cubupckoeo
Gedepanvroco nayunozo yenmpa acpoouomexnonocuti Poccuiickoi axademuu nayx

Pecny6nuka TwiBa, . Ke3but, Poccust

(<XDe-mail: tuv_niish@mail.ru

BrIsiBIIeHBI 0COOCHHOCTH MTPOSIBICHNUS JIeHKo3a KpyItHOTro poratoro ckora (JIKPC) Ha Tepputopun
PecnyOnuku TeiBa 3a 1974-2023 rr. YeTaHOBIEHBI SIIM300TOJIOTMYECKHE [TOKA3aTe HEOIaromnomy-
YMsl, MHACKCA SMU300TUYHOCTH M WHJAEKCA 0YaroBOCTH. 3a BCe BpeMs HAOMIOACHUs JIEWKO3 Ha Tep-
pUTOpHUH 7 BBICOKOTOPHBIX U OTAAJICHHBIX PalOHOB He 3apeructpupoBad. OqHON U3 0coOeHHOCTEH
Onmarormonrydrsi BRICOKOTOPHBIX M OTHAJICHHBIX PAiOHOB SBJISIOTCS MPHUPOAHBIE W Teorpaduyueckue
yciioBUS (M30JIMPOBAHHOE PACIIONOKEHNE, OKpYKEHHOE TopaMu, 3aHuMarommuMu 80% TeppuTopun
pernoHa, orpaHMYEHHBIE CBS3H C APYTUMHU PETHOHAMHU, TPYAHOMOCTYITHOCTE). JIpyras 0COOEHHOCTh —
OTTOHHOE BE/ICHHE KMBOTHOBOJCTBA, B OCHOBHOM a0OPHUI€HHOTO CKOTa Ha MOJHOKHOM KOpME, C
YaCTBIMM CMEHAMU MMAaCTOUII U BOJBHBIM cojepkanueM. C paclImpeHHeM SKOHOMHYECKUX CBSI3CH,
3aBO30M IIJIEMEHHOTO MOJIOYHOTO CKOTa U3 COCEHUX PErHOHOB (TI0 pe3ysibTaTaM MCCIeI0BaHMM, He-
OJIarOTOTYIHBIX 110 JICHKO3Y KPYITHOTO POTAaTOr0 CKOTA) AMU300THIECKast CUTyanus ooperana Hebma-
TOTIONTY9HE. DTO SIBISICTCS TIIABHOW OCOOCHHOCTHIO HEOJAromoydnsi perHoHa 1o Jieiiko3y. Jleikos
pETUCTPHUPYETCS B OCHOBHOM B IIEHTPAJIbHBIX pallOHaX, PacIOJIOKEHHBIX Ha PABHUHHBIX TEPPHUTO-
PUSX MEKTOPHBIX KOTIIOBUH, TJI€ UMEIOTCS OJIAarOTPUSTHBIC YCIOBHSI JIJISI COJCPKAHUS M KOPMIICHHS
MOJIOYHOTO cKoTa. [Ipy COBMECTHBIX YCIOBHUSAX COAEpHKAHUS U IKCIUTyaTalluH CYIIECTBYET PUCK 3apa-
JKCHHUST OCTaJIbHBIX YKMBOTHBIX, YTO SIBIISIETCS TAK:Ke 0COOCHHOCTBIO Jieliko3a Ha Tepputopun Pecry-
omuku TriBa. BriepBeie Jeiiko3 KpyITHOTO POTaToro CKOTa 3apeTUCTPUPOBAH B YIIyT-XeMCKOM paiioHe
Ha MOJIOYHO-TOBapHOU (epme B 1977 I. y KOpOBBI TOMMITHHHOPpH3CKO# mopoasl. M3 50 et Hadro-
JIeHHs B TedueHue 29 JeT B pecnyOlinKe 3aperucTPUPOBAHO HECKOIBKO HEOIAaronoayYHbIX 110 JICHKO-
3y paitonoB (TannmbHckuit, [Inu-Xemckuii, Kaa-Xemckuii, Yenaun-Xonckuii, Ymyr-XemMckuit u ap.),
B 0o0mIeii cnoxxHoctH 60 HEOMaromoay4YHbIX MyHKTOB. MccnenoBano 914 638 KHUBOTHBIX, BBISBICHO
845 roun. nonoxutenbHo pearupyromux, win 0,09% Bcero UCCIEI0BAaHHOTO 110 PECITYOIMKE ITOT0JI0-
Bbs, HeOmarononyune (HB) cocrasmno 40,8%, nanekc sanm3ootudroctr (M13) 3a 50 et HabmroneHus
cocraBun 1,2 en., uaaekc ogaroBocTt (MO) — 14,08 cepomo3uTHBHBIX TOJIOB HA OIWH HEOJIAroro-
My4HBIN TYHKT. Criopajiuecknue U eIMHUYHBIC CIIy4Yar Ha TePPUTOPUH OCTaIBHBIX 6 HeOIaronomyd-
HBIX paiioHoB (bapyH-Xemunkckom, Cyt-Xonckom, Keibuickom, T. Kezpur, Tec-Xemckom, TomkuH-
CKOM) TaK>Ke CBSI3aHBI C 3aBO30M IJIEMEHHOT'O CKOTa, TJI€ C IPOBEICHUEM TUArHOCTHUECKUX U APYTHUX
MPOTUBOIMU300TUICCKUX MEPONPHUSITHI CUTYyalusi, HE UMesl AU300THYECKOTO U TeorpadruuecKoro
pasBuTH, OBICTPO yaydmianack. Pecmybnuka TriBa ¢ 2022 T. 10 JIEMKO3y KPYITHOTO POTaToro CKOTa
OmarormosydJHa.

KuroueBbie cjioBa: Neiiko3 KPyITHOTO POTaTOro0 CKOTa, UCCIIEIOBAHUS, TIOJIOKHUTEIBHO pearupyro-
€ KUBOTHBIC

Features of bovine leukosis manifestation on the territory
of the Republic of Tuva

(<) Lopsan Ch.O.

Tuvinian Scientific Research institute of Agriculture — Branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Academy of Sciences

Kyzyl, Republic of Tuva, Russia

(<XDe-mail: tuv_niish@mail.ru

The peculiarities of bovine leukosis virus (BLV) manifestation on the territory of the Republic
of Tuva for 1974-2023 have been revealed. Epizootologic indicators of the disease status, epizootic
index and nidus index have been established. During the whole period of observation leukosis has not
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OcobeHHOCTH TIPOSABIICHUS Jerko3a KPYIIHOTO pOraTtoro Ckora

Jlomncan Y.0.

Ha Tepputopun PecrryOmkn Teia

been registered on the territory of 7 highland and remote districts. One of the features of the well-being
of highland and remote areas are natural and geographical conditions (isolated location surrounded by
mountains occupying 80% of the region's territory, limited connections with other regions, difficult
accessibility). Another peculiarity is free range animal husbandry, mainly indigenous cattle on fodder,
with frequent changes of pastures and free keeping of cattle. With the expansion of economic ties, im-
portation of pedigree dairy cattle from the neighboring regions (which, according to the results of the
studies, are unfavorable in terms of bovine leukosis), the epizootic situation became unfavorable. This
is the main feature of the region's leukosis adversity. Leukosis registered mainly in the central districts
located in the flat territories of intermountain basins, where there are favorable conditions for mainte-
nance and feeding of dairy cattle. Under joint conditions of keeping and exploitation there is a risk of
infection of other animals, which is also a feature of leukosis on the territory of the Republic of Tuva.
Bovine leukosis was first registered in the Ulug-Khemsky district at a dairy farm in 1977 in a cow
of the Holstein Friesian breed. Out of 50 years of observation, 11 leukosis-affected districts (Tandyn-
sky, Pii-Khemsky, Kaa-Khemsky, Chedi-Kholsky, Ulug-Khemsky, etc.), totaling 60 leukosis-affected
points, have been registered in the republic for 29 years. 914,638 animals were examined, 845 animals
were found to be positive, or 0.09% of the total number of the livestock examined in the country, the
disease status was noted in 40.8%, the epizootic index (EI) for 50 years of observation amounted
to 1.2 units, the nidus index (NI) — 14.08 seropositive animals per 1 unfavorable location. Sporad-
ic and isolated cases on the territory of the remaining 6 unfavorable districts (Barun-Khemchiksky,
Sut-Kholsky, Kyzyl, Kyzyl city, Tes-Khemsky, Tojinsky) are also associated with the importation of
breeding cattle, where with the implementation of diagnostic and other anti-epizootic measures, the
situation, without epizootic and geographical development, rapidly improved. The Republic of Tuva
has been free from bovine leukosis since 2022.

Keywords: bovine leukosis, research, positively-reacting animals
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INTRODUCTION

Bovine leukosis is a chronic infectious dis-
ease caused by a lymphotropic virus of the fam-
ily Retroviridae, subfamily Oncornaviridea,
type E, which includes T-cell leukemia viruses
responsible for the humoral (B-leukocytes) and
cellular (T-lymphocytes) immunity of animals
and humans [1, 2]. These cells have the ability
to transform into tumor cells (hemoblastoses).
Their metabolites accumulate in meat, are ex-
creted through milk, and the consumption of
products from animals in clinical-hematological
and tumor stages can lead to the development

of the disease. Bovine leukosis often progresses
asymptomatically for a long time, later mani-
festing as high lymphocytosis and tumor forma-
tions in organs and tissues. The development of
bovine leukosis is divided into the incubation,
infectious, hematological, and final tumor stages
of the disease. The incubation period lasts from
2 months to 6 years. The disease is transmitted
through contact, alimentary, and intrauterine
transplacental routes during the last two trimes-
ters of pregnancy. For leukosis, no vaccines or
medications have been developed, so infected
cattle are sent for slaughter. The bovine leukosis
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virus was first identified in 1969 in the United
States from a sick cow. Currently, bovine leuko-
sis is widespread in many countries, including
the United States, Canada, China, Japan, and the
Russian Federation. Western European countries
are considered free of the bovine leukosis virus
(BLV). In the USSR, bovine leukosis (BLV) was
first introduced in 1940, 1945-1947 through
breeding cattle imported from Germany into the
western regions of the country, and gradually,
leukemia began to be observed in other regions
of the Russian Federation [3]. In the Russian
Federation, outbreaks of bovine leukosis have
been recorded in regions close to the Republic
of Tuva, such as the Altai Territory' [4—6], the
Republic of Khakassia, and the Krasnoyarsk
Territory, from where Tuva's farms purchase
breeding cattle. The disease causes significant
economic damage to livestock farming due to
forced slaughter, reduced offspring, decreased
quantity and quality of dairy and meat products,
and increased costs for anti-epizootic measures,
posing a medical and biological problem for the
environment. Additionally, milk and meat from
animals infected with BLV contain carcinogenic
and environmentally hazardous metabolites of
tryptophan, lysine, and other cyclic amino acids?
[7-10].

The purpose of the research is to study the
peculiarities of bovine leukosis manifestation in
the Republic of Tuva over the period of 1974—
2023.

MATERIAL AND METHODS

The data of annual reports of veterinary labo-
ratories of the Veterinary Service of the Republic
of Tuva served as the material for the research.

For retrospective analysis the specific weight
of unfavorable locations was calculated, which

characterizes the breadth of the disease in per-
cent® 4, calculated by the formula

The number of unfavorable locations

UL = % 100.

The number of settlements

One of the indicators of the intensity of the
epizootic situation, the epizootic index (EI),
characterizes the intensity of the epizootic situa-
tion in time (see footnotes 3, 4) and is calculated
by the formula

The number of years during which
the disease was registered

The number of years of observation

El= % 100.
We were also interested in the focality index

(FI), which characterizes the number of sick an-

imals per one infected site (see footnotes 3, 4)

The number of sick animals

FI=

The number of unfavorable locations

The research work was carried out on the ba-
sis of Tuva Research Institute of Agriculture —
branch of SFSCA RAS in 2023.

RESULTS AND DISCUSSION

The geographical location of the Republic
of Tuva is characterized by alternating moun-
tain ranges and intermontane basins. Mountain
ranges occupy about 80% of the territory (on
average, only in the basin, the elevation above
sea level ranges from 520 to 1200 meters), while
the remaining part consists of flat steppe areas.
The Republic of Tuva is an agrarian region with
a predominance of transhumant sheep farming,
and dairy cattle breeding is developed in the
central districts located on the flat territories of
intermontane basins.

'Rosselkhoznadzor. Epizootic situation in the Russian Federation, 2020. URL: https://fsvps.gov.ru/fsvps-docs/ru/iac/rf/2020/

1ac2020_all.pdf

2Timoshina S.V., Badeeva O.B. Economic damage in bovine leukosis in cattle / Veterinary Medicine, 2016, N 4, pp. 23-24.
3Dzhupina S.I., Kolosov A.A. Methods of epizootologic research. Methodological recommendations, RAAS, Siberian Branch,

Novosibirsk, 1991, 61 p.

Sidorchuk A.A., Voronin E.S., Glushkov A.A. General epizootology. Moscow: Kolos, 2005, 176 p.
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In the Republic of Tuva, over the analyzed
period of 1974-2023 (50 years), out of the 18
administrative-territorial units, leukosis has not
been registered in 7 high-mountain and remote
districts  (Bai-Taiginsky, Mongun-Taiginsky,
Dzun-Khemchiksky, Chaa-Kholsky, Erzinsky,
Ovursky, and Tere-Kholsky), where, after the
restructuring of ownership, dairy farms have
not been restored, and sheep farming and beef
cattle breeding are mainly developed. In 11
districts  (Barun-Khemchiksky, Sut-Kholsky,
Ulug-Khemsky, Tandinsky, Pii-Khemsky, Kaa-
Khemsky, Chedi-Kholsky, Kyzylsky, the city of
Kyzyl, Tes-Khemsky, and Todzhinsky), leukosis
has been registered in different years with vary-
ing intensity.

For the first time in the Republic of Tyva,
laboratory diagnosis of bovine leukosis began in
1974 using the method of counting leukocytes
and lymphocytes in peripheral blood on a Go-
ryaev chamber under a light microscope, which
detects leukosis with persistent long-term pro-
gression in the final tumor stage. Leukosis was
first registered in 1977 on the dairy farm of the
state farm 'Ak-Turug' in the Ulug-Khemsky dis-
trict in 1 head of cattle, accounting for 0.13% of
the breeding stock examined across the republic
(752 heads)".

For the whole analyzed period 16 308 animals
were tested for leukosis by hematological meth-
od, 21 sick animals or 0,13% of the examined
livestock were detected. In 1974-1989 on dairy
farms of state farms out of 4493 animals 7 sick
animals or 0,15% of the herd were detected, in
1990-2005 out of 61 Holstein-Friesians brought
to dairy farms 8 animals were detected positive-
ly reacting in IDR with its introduction, which
made 13,1%, in 2006-2023 out of 331 animals
positively reacting in IDR and ELISA 6 animals
were detected or 1,8%. All leukemia-positive
animals aged two years and older were imme-
diately sent to slaughter after the results were
obtained. However, no pathological and ana-
tomical changes characteristic of leukemia were
detected during post-slaughter examination.

The modern at that time method of antibody
detection in the reaction of immune diffusion in
agar gel (IDR) was developed in Russia in 1985
and has been used in Russia since 1986 [11].
This test system is designed to detect antibodies
to the glycoprotein antigen of bovine leukosis
virus in the blood serum of animals by precip-
itation in agar gel. A positive reaction is evalu-
ated as a carrier of leukosis virus. The method
was introduced in the Republic of Tuva in di-
agnostics in the main Tuva veterinary laborato-
ry in 1990, the research was conducted only in
the service area of this laboratory — in the same
central districts, where more seropositive were
investigated and detected than in other districts,
as inter-district laboratories started IDR-diag-
nostics only in 2000.

The greatest number of years of research
1990-2023 (34 years), coverage of territories of
districts, the number of animals tested for leu-
kosis, positively reacting, were found using the
method of IDR-diagnostics. 914,638 cattle were
tested in IDR, 733 animals seropositive for leu-
kosis were detected, or 0.08% of the total num-
ber of animals tested in the country.

The ELISA method of laboratory diagnostics
is used to detect specific antibodies to bovine
leukosis virus gp51 in serum and blood plasma,
bovine milk. Their presence is evaluated as a
carrier of the leukemia virus. In Russia ELISA
began to use in 1989, in the Republic of Tuva —
only in 2006. For 2006-2023 (18 years) 108 679
animals were examined, 516 positive animals
were detected in ELISA, results of the IDR and
ELISA studies coincided in 838 cases, except
for 7 cases detected only in hematologic studies
in 1974-1989.

No pathologic-anatomical changes were de-
tected at post-slaughter examination when posi-
tives were detected in the IDR and ELISA tests.

In recent years, the increase in the number of
the animals positive for leukosis has been influ-
enced by the importation of a large number of
pedigree dairy cattle under the State Program
to improve the breed of cattle, intensification of
dairy production.
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Features of bovine leukosis manifestation
on the territory of the Republic of Tuva

Lopsan Ch.O.

There are 147 settlements on the territory of
the Tuva Republic, for 50 years of analysis a
total of 60 infected sites (60 years, times) have
been registered, the number of unfavorable lo-

cations (UL) accounted for 40.8%, the epizootic
index (EI) — 1.2 units, the focality index (FI) —
14.08 seropositive animals per 1 infected point
(see Tables 1-3).

Tao6a. 1. Crenenp HeOnarononyuust (HB) mo nefiko3y KpynmHOTo poraToro cKoTa Ha TEpPHUTOPHH
PecriyOnuku TeiBa 3a 1974-2023 rr.

Table 1. The degree of infestation (DI) with bovine leukosis in the territory of the Republic Tuva
for 1974-2023

Year and degree of unfavorability
Administrative- Number
terrtorial of settle-| 19741989 | UnF, | 19902005 | UnF, e U, s | G o
(16 years) % (16 years) % (18 years) % (50 years)

Republic of Tuva, total 147 4 2,72 18 12,24 38 25,8 60 40,8
Barun-Khemchiksky 1 0,68 1 0,68
Sut-Kholsky 1 0,68 1 0,68
Ulug-Khemsky 1 0,68 0,68 2 1,36 4 2,72
Tandinsky 6 4,08 15 10,2 21 14,2
Chedi-Kholsky 6 4,08 6 4,08
Kyzyl 1 0,68 0,68
Kyzylsky 2 1,36 2 1,36
Kaa-Khemsky 0,68 2 1,36 2 1,36 5 3.4
Pii-Khemsky 3,40 9 6,12 14 9,52
Tes-Khemsky 2 1,36 1 0,68 3 2,04
Todzhinsky 2 1,36 2 0,36

Tao6a. 2. Uanekc smmzootrnaHocTH (M) Mo Ie#Ko3y KPYITHOTO pOTaToro CKOT Ha TEPPUTOPUN
Pecny6omuku TriBa 3a 1974-2023 110

Table 2. Epizootic index (EI) for bovine leukosis in the territory of the Republic Tuva for the period
of 1974-2023

o ) Number of unfavorable years (sites) and epizootic index
Administrative- Number
territorial ofsettle- | 1974 1989 | | |1990-2025| , | 20062023 | |, 19742023 |
unit ments | (16 years) & (16 years) & (18 years) & (50 years) &
Republic of Tuva, total 147 4 0,25 18 1,12 38 2,11 60 1,2
Barun-Khemchiksky 1 0,05 1 0,02
Sut-Kholsky 1 0,06 1 0,02
Ulug-Khemsky 1 0,06 1 0,06 2 0,11 4 0,08
Tandinsky 6 0,37 15 0,83 21 0,42
Chedi-Kholsky 6 0,33 6 0,12
Kyzyl 1 0,06 1 0,02
Kyzylsky 2 0,12 2 0,04
Kaa-Khemsky 1 0,06 2 0,12 2 0,11 5 0,1
Pii-Khemsky 5 0,31 9 0,5 14 0,28
Tes-Khemsky 0,12 1 0,05 3 0,06
Todzhinsky 2 0,11 2 0,04
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Features of bovine leukosis manifestation
on the territory of the Republic of Tuva

Lopsan Ch.O.

From the data of the tables, it is seen that 4
unfavorable sites were registered in 1974—1989
only according to the results of hematological
studies, epizootological indices of UL, EI and
FI were respectively 2,72%, 0,25 units, and 1,75
positive animals per 1 unfavorable site. Eighteen
infected sites, 294 seropositive animals were
registered during the period of using one IDR-
study for leukosis diagnostics (1990-2005), the
infectiousness was 12,24%, EI — 1,12 units, FI
was 16,33 animals per 1 infected site. With the
introduction of ELISA method and its combined
use with IDR-diagnostics (2006-2023), the num-
ber of infected sites and virus-carrying animals
became twice as high: 38 infected sites, 544 se-
ropositive animals were detected, infectiousness
amounted to 25.85%, epizootic index (EI) for 50
years of observation amounted to 2.11 units, FI —
14.3 seropositive animals per 1 infected site.

Detection of positively reactive animals is
more observed in the central districts, located
on the plains, favorable for the development of
dairy cattle breeding [12] and in which diagnos-
tic tests in IDR and ELISA were started earlier
than in interdistrict laboratories. The most tense
situation is observed in the Tandynsky district,
where a total of 21 unfavorable sites were regis-
tered in 1990-2023 (21 years), 556 positive ani-
mals were detected, the unfavorability was (UL)
14.2%, EI — 0.42 units, FI — 26.47 heads.

The next by the level of epizootic tension
was Pii-Khemsky district: 168 positively react-
ing heads in 14 the unfavorable settlements were
detected during the whole period of research, the
level of unfavorability amounted to 9.52%, EI —
0.28 units, FI — 12 heads positively reacting to
the unfavorable site.

Kaa-Khemsky district was the third in de-
tection of positively reacting animals, for the
whole period 1974-2023 47 positively reacting
animals were detected, 5 unfavorable sites, un-
favorability amounted to 3.4%, EI — 0.10 units;
FI — 9.4 heads.

In the Chedi-Kholsky district, leukosis has
been observed since 2011 due to the forma-

tion of a milking gort from the purchased Hol-
stein-Friesians from the neighboring region, a
total of 6 infected sites were identified, 26 sero-
positive animals, UL was 4.08%, EI — 012 units,
FI —4.33 heads.

Single and sporadic cases of bovine leukosis
in different years and periods are observed in the
central districts. In the Ulug-Khemsky district in
different periods of observation 4 unfavorable
sites were identified (1977, 1990, 2009, 2012), 9
positively reacting heads, first in the dairy farms
of state farms, after - in large peasant-farms as-
sociated with the importation of breeding cattle,
but after their sending to slaughter leukosis was
usually not traced, unfavorability was 2.72%,
EI — 0.08 units, FI — 2.25 heads. In the Kyzylsky
district leukosis was registered in 1978, 1981 in
2 cows in a large dairy farm of the state farm
“Kok-Tei”, which after restructuring was not
restored, epizootological indicators were: UL -
1.36, EI - 0.04 units, FI - 2.5 cows. In the suburb
of the capital city Kyzyl, located on a flat area
in the central part of the region, in a subsidiary
farm in 2005 1 unfavorable site was registered, 1
positive cow bought from a nearby unfavorable
farm of the Pii-Khemsky district, the unfavora-
bility was 0.68%, EI - 0.06 units, FI - 1 animal
per 1 unfavorable site.

Sporadic and isolated cases were also ob-
served on the territory of other unproblematic
districts: southern Tes-Khemsky, eastern Ba-
run-Khemchiksky, Sut-Kholsky, specializing
mainly in sheep breeding and keeping of uni-
versal indigenous cattle, where dairy farms have
not been restored after restructuring of property,
as well as on the territory of hunting and fishing
Tojinsky district, specializing mainly in reindeer
breeding and hunting and fishing. All cases of
leukosis are also associated with the importation
of breeding cattle, but to a lesser extent, so the
epizootic situation with the immediate sending
of seropositive animals for slaughter directly
from the herd, without overstaying in the field,
the adoption of other anti-epizootic measures
quickly stabilize.
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The Republic of Tuva has been free from bo-
vine leukosis since 2022.

To prevent the spread of bovine leukosis in
the region, the following measures are being im-
plemented:

— hematological and serological studies in
IDR and ELISA for leukosis and leukosis virus
carriage of blood serum samples from breeding
stock of cattle;

— when detecting sick and infected with bo-
vine leukosis virus, they are sent for slaughter
immediately, without overstaying, directly from
the herd, and all other breeding stock is exam-
ined after 3 months until two consecutive nega-
tive results are obtained.

— in order to prevent further development of
the disease to clinical manifestation, to prevent
its spread in the region, together with the pa-
tients detected by hematological tests, the posi-
tive carriers of the virus in IDR and ELISA tests
should be removed from the herd with further
tests of the rest of the animals after 30 days until
twofold negative results with observance of all
anti-epizootic, veterinary, sanitary and organiza-
tional measures, according to the current regula-
tory and technical documents®.

CONCLUSION

In the Republic of Tuva hematological stud-
ies for bovine leukosis were performed main-
ly before the collapse of dairy farms. With the
introduction of IDR, then ELISA-diagnostics,
hematological studies are carried out only in
some years, selectively in small quantities from
positively reacting animals in IRD and ELISA
studies.

Leukosis detected by hematological tests and
virus carrier detected by serological tests are ob-
served in imported breeding stock of the Hol-
stein-Friesian breed from neighboring unfavor-
able regions at the age of 2 years and older.

At present, the welfare of the Republic of
Tuva is achieved by the removal of sick animals

and carriers of leukosis virus before the devel-
opment of clinical stage and pathological-ana-
tomical changes with the observance of anti-epi-
zootic, veterinary-sanitary and organizational
measures in the conditions of a cattle-breeding
republic, where meat and milk are traditionally
the main foodstuffs of the population.
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Pa3paboTka ycTpoiicTBa 1Jisl AMATHOCTUKH MATHUCTOCTEH
3eMJITHUKH CAI0BOM
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OnucaHbl CUMIITOMBI IIPH MOPa’KCHUN JIUCTHEB 3E€MIITHUKHM CAJ0BON MSTHUCTOCTSIMH, BBI3BAaH-
HBIMU (huTOnaroreHHbIMU Tpubamu. [lokazaHa HEBO3MOXKHOCTh MX WACHTH()HKAMH IO BHIMMBIM
IpU3HAKaM B HA4aJIbHON CTauM NOPaKeHUs. PaHH:s THarHocTHKa BO3MOXKHA C ITOMOILIBIO METO/IOB,
OCHOBAHHBIX Ha B3aWMOACHCTBHU aHTHUTEN C aHTHI'CHAMH (PUTOIATOI€HOB, MOJIEKYIISIPHBIX METOIOB
aHaJIM3a U METOJI0B Ha OCHOBE anTaMepoB. OHAKO MIPU UX UCTIOIb30BAHUHN UIMEETCS P TPYAHOCTEH.
Jnsg coznanus MOpTaTUBHOTO CPEICTBA PaHHEH AMAarHOCTUKHU IMPEJIOKEHbI METO/bl, OCHOBaHHbBIE Ha
JETEKTUPOBAHUM IEKTPUUECKUX M3MEHEHUH B PACTUTEIBHBIX TKAHSIX JIUCTHEB B PE3YyJbTaTe aTaku
IpUOOB-TIATOTEHOB: METOJ AEKTPUIECKONH MMIICJAHCHONW CHEKTPOCKONUU U METO[| AIEKTPUIECKUX
SKBUBAJICHTHBIX CXeM. MeTopl MO3BOJISIOT OIPEACIUTh JUATHOCTHUCCKUH MapaMeTp — €MKOCTb
KOHJIeHCaTopa, MOAETUPYIOIIEro eMKOCTh MEMOpPaH pacTUTENbHbIX KJIETOK JINCThEB. BhIsABIEHO, YTO
3HAUCHMS EMKOCTH KOHAEHCATOpa YMEHBIIAIOTCS 110 MEPE MOBBIILICHUS CTEIICHH [TOPasKeHUS JIUCTHEB
3eMIIsTHUKH. [Ipe/iokeHHbIe METO/Ibl pealn30BaHbl B YCTPOHCTBE, COCTOSIIEM U3 JIEKTPOIHON CH-
CTEMBI, JIEKTPOHHOIO U BBIUYHCIUTEIBHOIO OOKOB. B 37eKTpoaHON cucTeMe Hemospu3yIonecs
3NIEKTPOBI PACIIONOKEHBI C JABYX CTOPOH JINCTA 3eMJISTHUKH. DJIEKTPOHHBIN OJIOK MpeHa3HaueH AJis
perucTpaury UMIEJaHCA PACTUTEIbHOM TKaHU. BerumcnurenbHblid 010K (HOYTOYK) OCYIIECTBIISICT
MOMCK YacTOTHI, Ha KOTOPOI peaKkTHBHAs COCTABIAIONIAs UMIIEJJaHCa MAaKCUMAJIbHA, U BBIYUCISAET 110
3TUM JaHHBIM TUAarHOCTHUYECKUI mapaMmerp. YCTPOHCTBO (YHKIMOHHPYET IOJ YIpaBICHUEM IIPO-
rpaMMBbl PETUCTPAIIMN PEaKTUBHON COCTaBJIAIOIECH MMIIeJaHCca PacTUTENIbHOM TKaHU M MPOrpaMMBbl
OIpeaeNIeHUs AUAarHOCTUIECKOTO apaMeTpa. [Jis OLEeHKH TOUHOCTH YCTPONHCTBA IPOBEACHO CPaBHE-
HUE 3HAUYeHUI THarHOCTUYECKOro MapaMeTpa, MOJIy4eHHBIX pa3pad0TaHHBIM yCTPOWCTBOM U Mpelt-
3UOHHBIM aHanu3atopoM umnenanca WK 6505B. 3nauenust napamerpa cocrasuwiu 1594 u 1574 nd
COOTBETCTBEHHO.

KiroueBble ci1oBa: 3eMiIsiHUKA ca0Basi, MATHUCTOCTHU, IUArHOCTUKA, UMIIEIAaHCHAS CIIEKTPOCKO-
UL, BJICKTPHUYECKasi DKBUBAJICHTHAS CXeMa, eMKOCTh KJICTOUYHBIX MEMOpaH, TOPTaTUBHOE TUarHOCTH-
YECKOE YCTPOMUCTBO

Development of a device for diagnostics
of garden strawberry spot diseases

<XDMineev V.V.!, Yolkin O.V.!, Aleynikov A.F.'2, Morozov V.B.!, Richter V.A.!

ISiberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
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Symptoms of garden strawberry leaf spot disease caused by phytopathogenic fungi are described.
The impossibility of their identification by visible signs in the initial stage of the lesion is shown. Early
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diagnosis is possible using antibody-based methods with phytopathogen antigens, molecular assays
and aptamer-based methods. However, there are a number of difficulties in using them. To create a
portable means of early diagnosis, methods based on the detection of electrical changes in plant leaf
tissues as a result of fungal pathogen attack have been proposed: the method of electrical impedance
spectroscopy and the method of electrical equivalent circuits. The methods allow determining a diag-
nostic parameter, the condenser capacitance modeling the capacitance of leaf plant cell membranes.
It has been found that condenser capacitance values decrease as the degree of strawberry leaf lesion
increases. The proposed methods are realized in a device consisting of an electrode system, electronic
and computing units. In the electrode system, non-polarizing electrodes are located on both sides of
the garden strawberry leaf. The electronic unit is designed to record the plant tissue impedance. The
computing unit (laptop) searches for the frequency at which the reactive component of the impedance
is maximum and calculates the diagnostic parameter from these data. The device operates under the
control of a program for recording the reactive component of plant tissue impedance and a program for
determining the diagnostic parameter. To evaluate the accuracy of the device, the values of the diag-
nostic parameter obtained by the developed device and the precision impedance analyzer WK 6505B

were compared. The values of the parameter were 1594 and 1574 pF, respectively.
Keywords: garden strawberry, spotting, diagnostics, impedance spectroscopy, electrical equivalent
circuit, cell membrane capacity, portable diagnostic device
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INTRODUCTION

Garden strawberry holds a significant share
in global berry production. In 2017, it accounted
for 72% of the total berry harvest worldwide (9.7
million tons out of 13.4) [1]. Strawberries ripen
early and contain a complex of biologically ac-
tive and easily digestible substances essential for
humans [2, 3]. Properties such as the ability for
rapid vegetative propagation, early fruiting, high
profitability and yield, and adaptability allow
strawberries to be cultivated in various soil and
climatic zones [4]. The infection of cultivated
plantations by fungal diseases is one of the main
factors reducing the volume of garden strawber-
ry production [5, 6]. The most common fungal
diseases of garden strawberries are Ramularia
leaf spot (white spot), brown spot, and angular

leaf spot [7]. The main causative agents of these
leaf spots are fungi — Ramularia tulasnei Sass,
Mycosphaerella fragariae, Marssonina potentil-
lae (Desm.), Dendrophoma obscurans [8].

For successful control of diseases, it is nec-
essary to carry out their detection and accurate
identification of the species of phytopathogen-
ic fungi. The need for their identification is due
to the fact that various chemical and biological
preparations are used to control specific fun-
gal diseases: fungicides, peptides [9, 10]. Early
diagnosis is of great importance: the earlier to
take appropriate measures to protect plants, the
greater the chances to reduce the range of a par-
ticular fungal disease. Otherwise, the plant may
die or it will be necessary to increase the dose
of fungicides during protective measures, which
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leads to the accumulation of highly toxic organ-
ic compounds in the environment. At the same
time, the quality of strawberry berries, which are
usually consumed fresh, will be reduced [11].
Traditional methods are unable to provide
an early diagnosis. This is because symptoms
do not appear immediately after plant infec-
tion during the incubation period. For example,
when identifying leaf spots on garden strawber-
ries based on external visible signs in the initial
stage of infection, the spots that appear on the
surface of the plant's leaves are small (less than
1 mm) and similar in shape and color to all iden-
tifiable leaf spots. Additionally, similar damage
can be caused by other microorganisms associ-
ated with viral and bacterial diseases of garden
strawberries, as well as environmental factors
such as low and high temperatures, and chem-
ical damage from excessive mineral fertilizers.
Characteristic symptoms of leaf spots appear
much later when the spots increase in size. In
the case of white spot, the central areas of the
spots turn white and are surrounded by a dark
brown or purple border. In brown spot, numer-
ous shiny black pads containing fungal spores
appear on the upper side of the leaf. A distinctive
feature of angular leaf spot is the presence of a
border around the spot on the lower side of the
leaf, which is absent in brown spot. Isolating the
fungus into a pure culture on a nutrient medium,
obtaining sporulation, and then identifying the
fungus under a microscope require significant
time. Moreover, not all parasitic fungi can be
cultured on artificial nutrient media; often, the
presence of living host plant tissues is required.
Early detection of the pathogens causing leaf
spots in garden strawberries is possible using
the methods that have been rapidly developing
recently, based on the interaction of antibod-
ies with antigens of phytopathogens, as well as
molecular analysis methods: enzyme-linked im-
munosorbent assay (ELISA), polymerase chain
reaction (PCR), immunochromatographic assay

(ICA), and their modifications'. However, there
are also a number of difficulties in their prac-
tical application. ELISA-based methods are
widely used for detecting plant viruses and less
frequently for identifying fungi and bacteria.
PCR-based methods allow the detection of even
a single fungal spore in the analyzed sample,
which is an advantage but also a disadvantage,
as it increases the requirements for sterility. I[CA
technologies have low sensitivity and specificity
for some pathogens. New solutions based on ap-
tamers (oligonucleotide molecules with the im-
portant property of strong and specific binding
to target molecules) are known [12]. An exam-
ple of a device for collecting soybean rust spores
and subsequent detection using aptamers is de-
scribed in [13]. However, the main factor limit-
ing the practical application of all modern meth-
ods for diagnosing plant diseases is their high
cost. Therefore, the task of developing a simpler
and more affordable rapid diagnostic method for
garden strawberry diseases is relevant.

When selecting the method, we were guided
by the fact that all the methods of diagnostics
of plant diseases are based on detection of ei-
ther the phytopathogen itself or on determina-
tion of the changes occurring in the organisms
of the pathogen and the host plant during their
interaction. To determine a more effective meth-
od of diagnostics of fungal diseases, patent and
information studies were conducted. It was re-
vealed that the consequences of the attack of
fungi-pathogens on plants are mechanical and
chemical in nature. Mechanical impact consists
in the rupture of the wax layer on the surface
of leaves, the outer walls of the epidermal cells,
as well as cytoplasmic membranes (plasmalem-
ma) surrounding the protoplast of cells, due to
high turgor pressure formed by filamentous for-
mations - hyphae of fungal mycelium in the in-
tercellular space of plant tissue [14]. Chemical
action consists in the synthesis and release of a
large number of different enzymes and elicitors

! Fedorenko V.F., Mishurov N.P., Nemenushchaya L.A. Perspective technologies of diagnostics of the agricultural plant pathogens:
scientific analytical review. Moscow: Rosinformagrotekh, 2018, 68 p.
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(elicitors are exometabolites of the pathogen
that bind to the host receptor and trigger a de-
fense reaction). Depolymerase enzymes cleave
high-molecular-weight polymers unable to pass
through cell membranes to oligo- and monomers
used as nutrient substrates®. Other enzymes are
able to cleave cell wall (CW) components. In
response, the plant produces inhibitors of these
enzymes, and low molecular weight products
of CW degradation (oligosaccharides, etc.) are
signaling molecules that trigger defense mecha-
nisms. Elicitors “turn on” the synthesis of phy-
toalexins by plant cells, which slow down the
synthesis of fungal pathogen enzymes and its
growth®. Secondary metabolites are never pres-
ent in a healthy plant and can be used for diag-
nostic purposes as markers of infection that can
be detected, for example, by biochemical analy-
sis. As a result of the impact of fungi-pathogens
on plants the electrical properties of the plants
are also changed. There are changes in the con-
tent of calcium, sodium, potassium ions and
protons in the cytosol, depolarization of plasma-
lemma and tonoplast, as well as changes in the
parameters of the transport system of the plasma
membrane®. From the point of view of express
diagnostics, electrical changes are of greater in-
terest than chemical changes, since they can be
detected immediately after their occurrence, for
example, by electrical impedance spectroscopy
(EIS) [15]. In this case, changes in the frequency
dependences of the active part of the complex
impedance of plant tissue reflect changes in the
ion content and conductivity of the transport
system, and reactive - changes in polarization
and capacitance of cell membranes. The studies

carried out by us in the previous years have also
confirmed that these changes are also present
when strawberry leaves are affected by garden
spots (magnitude of extremum of the reactive
component, frequency of extremum, dispersion
coefficient)’.

The method of equivalent electrical circuits is
a promising direction, as it allows to reduce the
influence of electrodes and to obtain electrical
parameters of cellular structure: equivalents of
electrical capacitance of plant cell membranes
and electrical resistance of intercellular and in-
tracellular fluids, which can be used to assess the
state of plant physiology and pathology®.

The purpose of the research is to substantiate
a specific equivalent electrical circuit as a mod-
el of electrical properties of garden strawberry
leaves and the principle of obtaining bioimped-
ance parameters necessary for determining the
equivalent electrical capacitance of plant cell
membranes, and to create on this basis a device
for strawberry leaf spot diagnosis.

MATERIAL AND METHODS

The work is based on the methods of EIS
and equivalent electrical circuits. The method of
equivalent electrical circuits is used to determine
the diagnostic parameter, i.e. capacitance of the
capacitor modeling the capacitance of plant cell
membranes of garden strawberry leaves; the EIS
method is used to obtain data for calculating the
value of the diagnostic parameter.

The choice of a specific electrical equiva-
lent circuit of bioimpedance of plant tissues of
strawberry leaves and the methodology for cal-
culating its parameters was made in favor of the

*Dyakov Yu.T, Elansky S.N. General phytopathology: textbook for academic bachelor's degree. Moscow: “Yurait” Publishing

House, 2016, 230 p.

3Sokolov Yu.A. Elicitors and their application // Proceedings of the National Academy of Sciences of Belarus, Chemical Series,

2014, N 4, pp. 109-121.

*Tarchevsky I.A. Effect of elicitors on ionic fluxes and electrical potentials of plants // Vestnik of Lobachevsky University of

Nizhni Novgorod, 2001, pp. 60-63.

SPatent RU 2714324 MPC A01G 7/00. Method of detection of fungal diseases of garden strawberry / A.F. Aleynikov, V.V.

Mineev. Mineev. Appl. 2019.07.01; publ. 14.02.2020.

®Zuev A.L., Mishlanov V.Yu., Sudakov A.I, Shakirov N.V., Frolov A.V. Equivalent electric models of biological objects / Russian

Journal of Biomechanics, 2012, vol. 16, N 1 (55), pp. 110-120.
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circuit (see fig. 1) and the methodology’ on the
basis of the following:

— the proposed scheme and methodology
have been tested by the authors on plant tissues
specifically;

— the method of calculating the circuit pa-
rameters is relatively simple. Thus, to calculate
the capacitance of the capacitor C,, modeling
the capacitance of cell membranes of straw-
berry leaves, two parameters of the frequency
response of the reactive component of the bio-
impedance of plant leaf tissues are sufficient: the
maximum value of the reactive resistance X
and the corresponding value of the characteristic

frequency f_;
— for hardware realization of X and fm

ax

R,

||
||
G
Puc. 1. DxBUBAJICHTHAs JJICKTPUUYECKas cCXeMa 3a-
MEUICHUSI PACTUTEIHLHON TKaHW JIUCTA 3EMIITHUKHU
caJ0Boi: C, — KOHJEHCATOp, MOIENMPYIOIINI eMKOCTh
JIBOMHOTO 3JIEKTPUYECKOTO CJIOS Ha TPaHUIEe pasziena
METAJUTMYECKUX W3MEPHUTENBHBIX 3JIEKTPOIOB M JIHCTA
3EMIITHUKH; R, — PE3UCTOP, MOJCTUPYIOIMI CONPOTHBIIE-
HHE JIBOIHOTO 3JIEKTPUYECKOro CJI0sl Ha TpaHULE pasze-
J1a METAJUINYECKUX U3MEPUTENIBHBIX AJIEKTPOJOB U JIUCTA
3eMIIsIHUKH; C)— KOHJIEHCATOP, MOJICTIUPYIOIIUA €EMKOCTh
MeMOpaH pacTUTENBHBIX KJIETOK JIMCTHEB 3EMIISTHUKH;
R, — pesucrop, MOIENUPYIOLINIA CONPOTUBIICHHS MEKKIIE-
TOYHOW MU BHYTPHUKICTOYHOU XKHUJIKOCTECHU PACTUTCIHLHOU
TKaHU JIMCTHCB 3CMIITHUKHU

Fig. 1. Equivalent electrical circuit for replacing
plant tissue of a garden strawberry leaf: C, — a con-
denser modeling the capacitance of a double electric layer
at the interface of metal measuring electrodes and a garden
strawberry leaf; R — a resistor modeling the resistance of
the double electrical layer at the interface between metal
measuring electrodes and a garden strawberry leaf; C, —a
condenser simulating the capacitance of the membranes
of plant cells of garden strawberry leaves; R, — a resistor
modeling the resistance of intercellular and intracellular
fluids of plant tissue of garden strawberry leaves

parameters determination there is a modern ele-
ment base in the form of microcircuits, allowing
to create devices in portable design;

— as a result of our experimental studies of
garden strawberry varieties Tsaritsa and Brigh-
ton it was revealed that the capacitance values
of capacitor C,, modeling the capacitance of
plant cell membranes, decreases as the degree
of strawberry blotch damage increases and de-
pends on both the degree of damage and the type
of fungal disease.

Capacitor capacitance C, is calculated by the
formula (1) (see footnote 7). The parameters X,
..and f are obtained from the experimental-
ly obtained frequency response of the reactive
component of bioimpedance by the discrete
Fourier transform method, implemented in the
impedance converter chip AD5933 of the com-
pany ANALOG DEVICES®.

79577
C =

2

, 1D, (1)

F s
where X — maximum value of reactance X,
kOhm; /' — characteristic frequency value f, on
which the value of reactance is equal to X,
kHz.

Functional diagram of AD5933 is shown in
fig. 2. The microcircuit requires a control device
(microcontroller or PC) to function. Control and
information exchange with the AD5933 chip is
carried out using the 12C bus.

This microcircuit uses a digital signal process-
ing method both for generating the test harmon-
ic voltage and for analyzing the current flowing
through the sample under study—the plant tissue
of a strawberry leaf (bioimpedance Z). The al-
ternating current signal with a specified frequen-
cy is generated by a built-in direct digital syn-
thesizer (DDS), which includes a 27-bit phase
quantization register, clocked either from an ex-
ternal source or from an internal 16 MHz oscil-

'Golev I M., Sanin V.M., Titov S.A., Korotkov L.N. Electrical equivalent circuit of biological objects of plant origin // Bulletin of

VSTU, 2013, vol. 9, N 4, pp. 26-29.

80braztsov S.A., Troitskiy Yu.V. Precision impedance converter AD5933 // Modern Electronics, 2009, N 9, pp. 12—15.
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Fig. 2. AD5933 Functional diagram

lator. After passing through the digital-to-analog
converter (DAC), operational amplifier (OA),
and the plant tissue of the strawberry leaf Z , the
signal is sequentially fed to the input amplifier
(TA), programmable amplifier (PA), low-pass fil-
ter (LPF), where sampling noise is eliminated,
and then digitized using a 12-bit ADC. Next, a
discrete Fourier transform is performed to obtain
the real (active) and imaginary (reactive) parts
of the bioimpedance Z , which become available
for reading via the 12C bus by an external con-
trol device from the registers RgR(f) and Rgl(f).
There is also the possibility of frequency spec-
trum registration with a programmable step, i.e.,
implementing the EIS method.

RESULTS AND DISCUSSION

The considered methods are realized as a por-
table device in the following composition:

— electrode system;

— electronic unit for registration of frequency
dependence of the reactive component of plant
tissue impedance;

— computational block for finding the max-
imum of the reactive component of impedance

X max, characteristic frequency finax and calcu-
lation of capacitance of capacitor C,, modeling
the capacitance of cell membranes of strawberry
leaves;

— appropriate software.

The photo of the designed and manufactured
electrode system is shown in fig. 3.

The design features a two-sided arrangement
of electrodes relative to the strawberry leaf. The
H124SG electrodes from COVIDIEN (USA),
of the 'button' type, are attached to a connector
from Neurosoft (Russia), equipped with a cable.
The diameter of the electrodes has been reduced
through mechanical processing from 8§ mm to
5 mm so that they can be positioned between
the veins of the strawberry leaf. The connec-
tors are attached to the jaws of a clothespin-type
clamp using adhesive. The jaws of the clamp are
trimmed so that the surfaces of the electrodes
are parallel when in contact with the strawberry
leaf. The clamping force is provided by a spring.

To reduce the contact resistance between the
electrodes and the surface of the leaf plate, the
electrodes are lubricated with electrically con-
ductive electrode gel. Thin-walled fluoroplastic

MexaHH3a1s, aBTOMATH3ALIS, MOJICITIPOBAHIES
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rings limit the flow of electrode gel when the
electrodes are pressed against the strawberry
leaf. Thin fluoroplastic plates electrically insu-
late the metal surface of the connectors in case of
accidental contact with the conductive gel. One
of the plates has a stopper with a pointed end.
The limiter provides a constant gap between the
electrodes due to the stop in the opposite plate
through a minor puncture of the strawberry leaf.
Extremum X max and f, _parameters depend on
the type of fungal disease, the degree of damage
and the electrode system used. In this regard, for
the development of the electronic unit, the pos-
sible ranges of their values were determined ex-
perimentally by recording the frequency depen-
dences of the reactive impedance X of healthy
and spotted leaf tissue of several strawberry va-
rieties. Determination was carried out by a pre-
cision impedance analyzer WK 6505B (Wayne
Kerr Electronics, Great Britain), included in the
“State Register of Measuring Instruments of the
Russian Federation” and having a wide range
of electrical resistance measurement from 0.01

Puc. 3. BuenHmil BUI SIEKTPOAHON CUCTEMBI:

1 — BIeKTponsr; 2 — KOHHEKTOPHI; 3 — TYyOKHU; 4 — 3a)KIM
TpUIIENKa»; 5 — MpyKuHA; 6 — KoJbIla proporuracTo-
BbIC; 7 — IJIACTUHKH (PTOPOILIACTOBBIC; § — OrpaHUYH-
Telb

Fig. 3. Appearance of the electrode system:

1 — electrodes; 2 — connectors; 3 — sponges; 4 — clothes-
pin clip; 5 — spring; 6 — fluoroplastic rings; 7 — fluoro-
plastic plates; 8§ — limiter

mOhm to 2 GOM with an error of no more than
+0.05% in the frequency range from 20 Hz to 5
MHz with a frequency setting error of +£0.005%,
and the developed electrode system (see fig. 3).
It is established that the electronic unit should
provide registration of the reactive resistance X
from 15 to 50 kOhm in the frequency range f
from 400 to 4000 Hz.

The circuit diagram of the electronic block
based on the impedance converter AD5933, de-
veloped taking into account the recommenda-
tions of ANALOG DEVICES, is shown in fig. 4.

The PIC16F876A microcontroller (not shown
in fig. 4) is used as a control device. Since the
lower boundary of the recorded frequency range
is less than 1 kHz, the digital synthesizer DDS
(see fig. 3) is clocked at a reduced frequency of
1 MHz from an external oscillator assembled on
inverters U5 and U6.

To minimize additive error, the output of op-
erational amplifier OA (see fig. 3) is connected
to the input of the voltage repeater U4A AD8606
with low output impedance. To minimize the er-
ror, calibration (determination of the gain of the
entire recording path and systematic additional
phase shift of amplifiers OA, IA and RU) is also
provided. For this purpose, a resistor of known
nominal value is connected by a switch instead
of the analyzed sample Z _(not shown in fig. 4).

The external view of the electronic unit is
shown in fig. 5.

At this stage, a mobile PC (laptop) was used
as a computing unit. The software consisting of
two programs was developed for the functioning
of the device:

— program for registration of the reactive
component of plant tissue impedance as a func-
tion of frequency, which provides the formation
of a sequence of commands according to the al-
gorithm of the AD5933 chip and the transfer of
registration data to the computing unit;

— programs for determining the diagnostic
parameter — capacitance of capacitor C,, model-
ing the capacitance of cell membranes of straw-
berry leaves.
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Fig. 4. Electronic unit circuit diagram

The program of reactive impedance com-
ponent registration provides initialization of
ADS5933 chip and registration process, namely:

— writing the value of the initial frequency to
the RgNS register;

— writing the number of frequency increments
to the Rgn register;

— recording the value RgAF of the frequency
increment;

— loading commands into the control register
RgC;

— input of the delay time introduced by the
elements of the registration circuit into the reg-
ister RgD;

— control of the current state by reading the
contents of the status register RgS;

— output signal level setting;

— switching the chip to on state;

— initialization of the DDS oscillator with the
initial frequency;

Puc. 5. BHemHHl BUJI SIEKTPOHHOTO OJIOKA € DIIEK-
TPOIHOH cucTeMOn

Fig. 5. Appearance of the electronic unit with the
electrode system
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— start registration at the initial frequency;

— transfer of real and imaginary parts of the
immittance components from registers RgR(f)
and Rgl(f), respectively, to the computing unit;

— transition to the next frequency;

— end of measurements.

The program for determining the diagnos-
tic parameter finds the maximum value Xs max
from the array of values of reactive components
of impedance X, determines the correspond-
ing value of characteristic frequency fmax and
by formula (1) calculates the value of capacitor
capacitance C,, which is displayed on the PC
screen.

After debugging of the device, a comparative
registration of the frequency dependence of the

reactive impedance of plant tissue of strawber-
ry leaves of the Festivalnaya variety was carried
out using a precision impedance analyzer WK
6505B and the developed device (see figs. 6, 7).
To exclude random error caused by the contact
parameters C, and R, (see fig. 1), which depend
on the force of the electrodes pressed against
the leaf, leaf morphology, and the area of con-
tact between the electrode and the leaf, the reg-
istration was carried out at the same point of the
leaf plate without detaching it from the electrode
system by connecting the electrode leads first to
the WK 6505B analyzer and then to our test de-
vice. Thus, the frequency characteristics of one
and the same RC-two-pole were registered. In
this case, the error in estimating the capacitance
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Puc. 6. 3aBUCHMOCTb PEAKTUBHOTO CONPOTUBJIEHHS X PaCTUTENBHOM TKaHM JIMCTA 3EMJISHUKH COPTa
®decTHBaNbHAS OT YaCTOTHI f (HWKHHMA TpaduK), MoydeHHas ananu3zaTtopom nMireaanca WK 6505B

Fig. 6. Dependence of reactance X of strawberry leaf tissue of the Festivalnaya variety on the frequency f
(the lower graph) obtained with an 1mpedance analyzer WK 6505B
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Fig. 7. Dependence of reactance X, of strawberry leaf tissue of the Festivalnaya variety on the frequency f

obtained with the developed device

of capacitor C, depends only on the error in de-
termining the parameters X max and fimax (see
formula 1). Since the accuracy of determination
of these parameters by the WK 6505B analyzer
is rather high (£0,05 and +0,005%, respective-
ly), the estimation obtained with the WK 6505B
analyzer can be taken as a valid one.

The values of the diagnostic parameter - ca-
pacitance of capacitor C,, modeling the capaci-
tance of leaf cell membranes, obtained from the
results of registration of changes in the reactance
X of plant tissue from frequency f (see fig. 6,
7) by calculation according to the formula (1),
were 1574 and 1594 pF, respectively. The differ-
ence in the results is 1.3%.

CONCLUSIONS

1. The necessity of express assessment of
fungal diseases of garden strawberry with the
help of portable technical means in field condi-
tions is shown.

2. Methods based on detection of electrical
changes in plant tissues of garden strawberry
leaves as a result of fungi-pathogen attack are
justified for realization of the portable device:
EIS method and the method of electrical equiv-
alent circuits.

3. On the basis of experimental studies, an
electrical equivalent circuit in the form of a re-
sistive-capacitive bipolar and a method of calcu-
lating its parameters for describing the electrical
properties of plant tissues of garden strawberry
leaves are proposed.

4. An electrode system has been developed
that provides a constant gap between the elec-
trodes located on the upper and lower sides of
the strawberry leaf, as well as a constant area of
contact between the electrode gel and the leaf
surface.

5. On the basis of impedance converter
AD5933 an electronic block for registration of
frequency dependence of reactive component of

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe
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plant tissue impedance was developed; on the
basis of mobile PC (laptop) —a computing block
for searching the maximum of reactive compo-
nent of impedance, characteristic frequency and
calculation of diagnostic parameter — capaci-
tance of the capacitor modeling the capacitance
of cell membranes of strawberry leaves.

6. When determining the diagnostic parame-
ter — capacitance of the capacitor modeling the
capacitance of leaf cell membranes — by the de-
veloped device and precision impedance analyz-
er WK 6505B, the difference in the results was
as follows 1,3%.
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Pecnybonukanckoe nayunoe douepree ynumaproe npeonpusimue « Mncmumym noHa»
Bure6ckas obmacts, Arporoponok Yeree, Pecryonuka benapych
(C<De-mail: Natalil673@mail.ru

W3ydeHo BIusSHUE OpPraHMYECKOTO BEIIECTBA JACPHOBO-TOA30IMCTON CPETHECYTIIMHUCTON MOYBBI
Ha ypOXXKaiHOCTh M Ka4eCTBO JIbHOMPOAYKIINY ITyTEeM 3aKJIaK{ BEreTallMOHHO-TIONIEBOTO ombiTa. Mc-
cienoBanus nposeeHsl B 2021-2023 rr. B ceBepo-BocTouHOM yact Pecyonmku benapycs. [Tousa
XapaKTepu30Bajach COAEpKaHUEeM opraHmyeckoro Bemectsa 1,51-1,52 — 2,02-2,05 — 2,52-2,56%,
MOBBIILICHHBIM COJACPKaHUEM MOIABMKHBIX GopM (ocdopa (242-250 mr/kr nousbl) U Kanus (216—
232), cpennum — 60pa (0,56—0,62) u meau (2,7-2,9), Huzkum — nuHka (2,5-2,9 Mr/Kr o4Bbl) IpU KUC-
notHocTH 5,4-5,5 pHkcl. MccnenoBanus MpOBOAMIIN B 3aCYIIUIUBBIX YCIOBHSIX BETETAITUH JIbHA-T0I-
ryama 2021 . (I'TK Censaunosa 0,74), B cnabo 3acynumuBeix 2022 1. (I'TK 1,24) i 3kcTpeManbHbBIX
2023 . (I'TK mas — 0,08, wrons — 0,68, uromst — 3,71, mepuona Beretaruu — 1,63). JlokazaHo 1o-
JIOXKHUTEIHHOE BIUSHIE OPTaHUIECKOTO BEIIECTBA MOYBBI HA YPOKAWHOCTh M KAUYECTBO JIbHOTIPOIYK-
uun. [loBbleHre cofepikaHusi OPraHnYecKoro BelecTsa B mouse ot 1,5 1o 2,0-2,5% yBenuunBaiio
ypokaliHOCTh ceMsiH Ha 16—35% 3a cuer yBenuueHus: kopodouek (+22-39%) u ceMsiH Ha pacTCHUH
(+46—65%), Tpectel — Ha 10-33% 3a cdeT MOBBIICHUS] TEXHHYECKOH JIHHBI cTeOnst (+6—13%), Bo-
nokHa — Ha 14-37%, B ToM uncie ImuHHOTO — Ha 15-43%, 3a cueT MOBBIIEHNS KOJTMIECTBA U pa3Mepa
TyOstHBIX y4KOB (+5-20 1 5-28%), a TakKe KOIMM4YecTBa DIIEMEHTapHBIX BOJIOKOH B Iyuke (+10-15%)
u X nonepeyHoro pasmepa (+7—-10%). KauecTBo cTiaHieBoi TpecThl MOBBIIIATIOCH HA 1—-2 HOMepa
3a CHeT YBEJIWYCHUS B HEW COJepKaHHs JJIMHHOW (pakiuu BoJIokHA HAa 7—11% OTH. W yIydlieHus
paBHOMepHOCTH 11BeTa Ha 16—21%. [ToBbIeHne kadyecTBa JUIMHHOTO TPENaHoro BOJIOKHA Ha 1 HoMep
00yCIIOBJICHO yBEIMUEHUEM €T0 TopcTeBOl MuHbI (+8—13%) 1 mpounoctu (+3-8%).

KuioueBble ci10Ba: JIeH-TONTYHEI], OpTaHMYECKOE BEIIECTBO TIOYBHI, YPOKaHHOCTbH, KaueCTBO

Influence of organic matter of sod-podzolic soil on the yield and quality
of flax products

Prudnikov V.A., C<)Stepanova N.V., Fesko D.Yu.
Republican Scientific Subsidiary Unitary Enterprise "The Institute of Flax"

Ustye agro town, Vitebsk region, Belarus
(<De-mail: Natalil673@mail.ru

The influence of organic matter of sod-podzolic medium loamy soil on the yield and quality of flax
products was studied by means of vegetation and field experiment. The research was conducted in
2021-2023 in the north-eastern part of the Republic of Belarus. The soil was characterized by organic
matter content of 1.51-1.52 — 2.02-2.05 — 2.52-2.56%, high content of mobile forms of phosphorus
(242250 mg/kg soil) and potassium (216-232), medium content of boron (0.56—0.62) and copper
(2.7-2.9), and low content of zinc (2.5-2.9 mg/kg soil) with an acidity of 5.4-5.5 pHac1. The studies
were conducted under drought conditions of fiber flax vegetation in 2021 (Selyaninov HTC 0.74),
under slightly drought conditions in 2022 (HTC 1.24) and extreme conditions in 2023 (HTC May —
0.08, June — 0.68, July — 3.71, vegetation period — 1.63). The positive influence of soil organic matter
on the yield and quality of flax products has been proved. Increasing the organic matter content in the
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soil from 1.5 to 2.0 —2.5% improved seed yield by 16-35% due to an increase in bolls (+22-39%)
and seeds per plant (+46—-65%), flax straw — by 10-33% due to an increase in technical stem length
(+6—-13%), fiber — by 14-37%, including long fiber — by 15-43% by increasing the number and size
of bast bundles (+5 — 20 and 5 —28%), as well as the number of elementary fibers in the bundle (+10
—15%) and their transverse size (+7 —10%). The quality of retted flax straw was improved by 1-2 num-
bers by increasing its content of long fiber fraction by 7-11% rd. and improving color uniformity by
16-21%. The increase in quality of long flax rolled and beaten tow by 1 number is due to an increase
in its strick of flax length (+8—13%) and strength (+3—-8%).
Keywords: fiber flax, soil organic matter, productivity, quality
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INTRODUCTION

The intensification of agriculture is associated
with an increase in the areas under perennial le-
gumes and leguminous crops, the cultivation of
intermediate crops for fodder and green manure,
but primarily with an increase in the volume of
organic fertilizer application [1]. Soil organic
matter creates and maintains the basic proper-
ties, functions, and regimes of soils, serves as a
producer of CO, involved in photosynthesis, a
source of macro- and microelements, and pre-
vents erosion processes' [2, 3]. A powerful fac-
tor influencing the intensity of mineralization
and humification processes of plant residues is

the tillage system [4—6] and the fertilization sys-
tem?>.

The use of only mineral fertilizer system
leads to the greatest losses of organic matter®. If
up to 81.4 million tons of organic fertilizers (14
t/ha of arable land) were applied to the fields of
the Republic of Belarus in the period 1986—1990
[7], in 2018-2022 — only 49.1 million tons (10
t/ha of arable land)’. In the total volume of or-
ganic matter entering the soil, the share of plant
residues is 55% on average in Belarus, the share
of organic fertilizers is 45% [7].

Under conditions of constantly increasing
potential productivity of agricultural crops, soil

1Semyonov V.M., Kogut B.M. Soil organic matter. Moscow: GEOS, 2015, 233 p.

2Khaidukov K.P, Shevtsova L.K., Kuzmenko H.H. Influence of long-term application of different fertilizer systems on the content
of mobile humus substances in sod-podzolic light loamy soil // Plodorodie, 2012, N 3 (66), pp. 11-13.

3Shevtsova L.K., Khaidukov K.P., Kuzmenko H.H. Transformation of organic matter of light loamy sod-podzolic soil under long-
term application of fertilizers in flax crop rotation // Agricultural chemistry, 2012, N 10, pp. 3—12.

*Kuzmenko N.N. Monitoring of humus of sod-podzolic soil at application of different fertilizer systems / Modern Science

Success, 2017, vol. 2, N 9, pp. 181-184.

SAgriculture of the Republic of Belarus. Statistical booklet / edited by I.V. Medvedeva. Minsk: Information and Computing
Center of the National Statistical Committee of the Republic of Belarus, 2023, 36 p.
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organic matter is an important factor in the for-
mation of their high and stable yield® [8, 9]. It
creates optimal root nutrition of plants, mitigates
the negative effects of adverse climatic condi-
tions, and ensures the full realization of the ge-
netic potential of the variety.

The yield of agricultural crops depends more
on the content of mobile humus substances,
which are most affected by external factors, than
on the amount of humus in the soil [10]. Signs
of degradation of the qualitative composition
of soil organic matter are especially noticeable
on the indicators of the content of active com-
ponents: mobile humus substances, the share of
humic acids in their composition, the ability of
soil organic matter to mineralization, the content
of easily transformable organic matter.

In addition, organic matter is the only source
of energy for the vital activity of soil microflora
and biota. When there is a lack of fresh organic
matter in the soil, soil microorganisms satisfy the
need for carbon by decomposition of humus, af-
fecting soil processes and fertility”*[11]. This is
especially important for long-staple flax, as the
microbial community activity determines straw
curing and the quality of the fiber produced.

The purpose of the research is to reveal the
potential yield and quality of flax products in the
cultivation of long-staple flax on soil with differ-
ent content of organic matter.

MATERIAL AND METHODS

The research was conducted in the north-east-
ern part of the Republic of Belarus on the experi-

mental field of RUE “Flax Institute” in dry con-
ditions of flax growing season 2021 (Selyaninov
HTC 0.74), in slightly dry 2022 (HTC 1.24) and
extreme 2023 (HTC May — 0.08, June — 0.68,
July — 3.71, growing season — 1.63). The period
of straw retting in 2021 was set as optimal (HTC
1.53), in 2022 and 2023 — overwatered (HTC
1.85 and 2.16).

The vegetation and field experiment was laid
according to the methodology of B.A. Dospek-
hov’. Fiber flax seeds were sown manually at
a seed rate of 22 million seeds/ha with a row
spacing width of 10 cm. Mineral fertilizers were
applied: zinc — 1.0 kg a.i./ha, phosphorus — 60,
potassium — 90 kg a.i./ha. The area of the reg-
istration plot was 1 m?, the repetition was four-
fold. The sod-podzolic medium loamy soil was
characterized by the content of organic matter
1.51-1.52 — 2.02 — 2.02 — 2.05 — 2.52-2.56%,
high content of mobile forms of phosphorus
(242250 mg/kg of soil) and potassium (216—
232), medium - boron (0.56-0.62) and copper
(2.7-2.9), low - zinc (2.5-2.9 mg/kg of soil)
with acidity 5.4— 5.5 pHkel.

The crops were cared for during the growing
season according to the industry technological
regulations for the cultivation of fiber flax'.
Harvesting was carried out by manual cutting of
stems, threshing of bolls and spreading of straw.
The anatomical structure of the stem was studied
by scanning electron microscopy on cross sec-
tions of the middle of the technical length (10
typical stems were sampled)'!. The quality of
flax raw material was determined according to
state standards'> '*.

®Shang Q., Ling N., Feng X., et al. Soil fertility and its significance to crop productivity and sustainability in typical agroecosystem:
a summary of long-term fertilizer experiments in China // Plant and Soil, 2014, N 381 (1-2), pp. 13-23. DOI: 10.1007/s11104-014-

2089-6.

"Dobrovolskaya T.G., Zvyagintsev T.G., Chernov I Yu. Role of microorganisms in ecological functions of soils / Eurasian Soil
Science, 2015, N 9, pp. 1087-1096. DOI: 10.7868/S0032180X15090038.

8Khan K.S., Mack R., Castillo X. Microbial biomass, fungal and bacterial residues, and their relationships to the soil organic

matter C/N/P/S ratios // Geoderma, 2016, vol. 271, pp. 115-123.

’Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Kolos,

1979, 416 p.

"Industry regulations. Cultivation of long-staple flax. Typical technological processes. Minsk: RUE “Flax Institute”, 2019, 15 p.
WAndreeva L1, Rodman L.S., Chichev A.V. Practicum on anatomy and morphology of higher plants. Moscow: Kolos, 2019, 144 p.
12STB 1194-2007. Linen flax straw. Requirements for harvesting. Date of introduction 01.07.2011. Minsk: State Standard of the

Republic of Belarus, 2009, 12 p.

BSTB 1195-2008. Long flax rolled and beaten tow. Technical conditions. Date of introduction: 01.11.2008. Minsk: State Standard

of the Republic of Belarus, 2008, 18 p.
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RESULTS AND DISCUSSION

On average for 2021-2023 studies, when
sowing fiber flax on soil with the content of or-
ganic matter of 1.5%, seed yield per 1 ha was
5.7 kg (see Table 1). At the same time, 1.8 bolls,
5.9 seeds in a boll and 10.7 seeds per plant were
formed on the plant (see Table 2).

On the soil with organic matter content of
2.0-2.5%, seed yield increased significantly
by 0.9-2.0 c/ha (16-35%) due to an increase
in the number of bolls on the plant to 2.2-2.5
(22-39%)), seeds in the boll to 7.1 (20%) and on
the plant to 15.6-17.7 (46—65%). The weight of

1000 seeds in the experiment variants had a pos-
itive tendency to increase.

The straw yield was 30.8 c/ha on soil with
an organic matter content of 1.5% at a techni-
cal stem length of 71 cm, fiber yield was 9.0,
including long fiber — 6.0 c/ha. Increasing the
content of soil organic matter to 2.0-2.5% in-
fluenced the technical stem height, increasing it
by 6-13%. Straw yields increased by 3.0-10.3
c/ha (10-33%), fiber yields by 1.3-3.3 c/ha (14—
37%), including long fiber yields by 0.9-2.6 c/ha
(15-43%).

Seed yield was greatly influenced by the con-

Tao6a. 1. Bausaue cogepkaHusi OpraHNIESCKOTO BEIISCTBA TIOYBBI HA YPOXKAWMHOCTD JTHHOIPOIYKIINN

(cpemmee 3a 2021-2023 rT.)

Table 1. The influence of soil organic matter content on the yield of flax products (average for 2021-2023)

. . Yield, c/ha
Soil organic matter fiber
content, %o seeds flax straw total long
1,5 5,7 30,8 9,0 6,0
2,0 6,6 33,8 10,3 6,9
2,5 7,7 41,1 12,3 8,6
LSD 0,66 2,7 0,83 0,54
05 (0,53-0,75) (2,2-3,6) (0,76-0,92) (0,47-0,60)
1, %:
organic matter 79,1 24,3 28,2 20,1
weather conditions 8,2 71,4 60,4 55,0
interaction of factors 5,3 1,4 8,4 19,7

Note. n — share of factor influence on the yield of fiber flax.

Taoa. 2. Bausaue conepkaHus OpraHMYECKOro BEIIECTBA MOYBBI HA CTPYKTYPY YpoXKast JIbHa-10JITyHLA

(cpennee 3a 2021-2023 1)

Table 2. The influence of soil organic matter content on the structure of fiber flax yield (average for 2021-2023)

Soil organic matter Stem length, cm Number of bolls Number of seeds 1000 seed
content, % total technical on a plant on a plant in a boll weight, g
1,5 71,0 57.7 1.8 10,7 5.9 491
2,0 74,7 61,0 2,2 15,6 7,1 4,94
2,5 78,3 65,0 2,5 17,7 7,1 5,06
LSD, (1,721:)3,0) (0,913152,1) (0,1%123,46) (1,31ﬁ,6) (0,3%3,73) Fy<Fys
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tent of organic matter in the soil with the share
of the influence of this factor () for the years
of research 79%, while the yields of straw and
fiber were influenced by the weather conditions
of the year — 71 and 60%, respectively. The best
conditions for the development of fiber flax and
formation of flax products were formed in 2021
with the index of environmental conditions (/f)
for seed yield of 0.2, straw yield — 9.9, the worst
conditions — in 2023 with a negative value of the
environmental index —0.1 and —7.9 respectively.

The increase in fiber yield is confirmed by the
analysis of the anatomical structure of the flax
stalk. On the soil with 1.5% of organic matter on
average 26 bast bundles with a total area of 0.14
mm? (the share in the bast 48.3%) were formed
in the stem (see Table 3). The bundle contained
23 elementary fibers with a cross-sectional area
of 234.65 um?/pcs. and a small size of their in-
side width of the lumen.

With an increase in soil organic matter con-
tent to 2.0-2.5% by increasing the bundle size by
5-28%, the number of bast bundles increased by
1.2-5.0 (5-20%), their total area in the bast by
0.02- 0.08 mm? (14-57%), and their proportion
in the bast by 4-11%. In the bundle, the number
of elementary fibers increased by 2.4-3.5 (10—
15%), their cross-sectional area by 17.38-24.03
um? (7-10%).

Soil organic matter had a positive effect on
the quality of flax stem straw, the average num-

ber of which increased from 1.50 on the soil
with 1.5% organic matter to 1.67—1.83 on the
soil with 2.0-2.5% organic matter (see Table
4). The main indicators of straw quality are the
yield of long fiber fraction from straw, its color
and uniformity of dyeing.

As the soil organic matter content increased
from 1.5 to 2.0-2.5%, the 3-year average of the
long fiber fraction in the flax straw increased
from 19.0 to 20.3-21.2% (1.3-2.2%): in 2022
from 21.8 to 23.2-26.2% (1.4-4.4%), in 2023
from 14.3 to 17.6-19.9% (3.3-5.6%)).

In 2022 and 2023, an increase in soil organic
matter content from 1.5 to 2.0-2.5% increased
the quality of retted flax straw from 1.75 to
2.00-2.50 and from 1.00 to 1.25-1.50 numbers
(by 1-2 variety numbers), respectively. In 2021,
a tall plant stand (up to 82 cm) was formed on
the soil with an organic matter content of 2.5%,
which could not withstand squall winds. As a re-
sult of root lodging of the plants, the quality of
flax straw decreased by 1 number (from 1.75 to
1.50) compared to sowing flax on the soil con-
taining 1.5-2.0% of organic matter.

The quality of long flax rolled and beaten tow
is a set of physical and mechanical character-
istics, which are expressed by the design num-
ber. The fiber obtained under the conditions of
2021-2023 had low and medium handful length
(51-58 cm), high flexibility (49-53 mm) and in-
creased strength (breaking load) (216-235 N).

Taoa. 3. XapakrepucTuka CTPYKTYPHBIX 2JIEMEHTOB J1y0a JIbHA-JJOITYHIA B 3aBUCIMOCTH OT COJIepKa-

HUSA OPraHNn4€CKOro BEIICCTBA IMOYBbI

Table 3. Characteristics of the structural elements of fiber flax bast depending on the content of soil

organic matter

Bast fibre bundles Elementary fibers
Sf)il organ- square share e ofth
N matteor/ b d 5 . ina | number in a | cross-sectional isritZ:n(l)al | ¢ useful fiber
content, % number one bundle, pm?/ | total in a2 bast, bundle area, pm? 112- area, pm?
pc. stem, mm % men, pm
1,5 25,8 5478,11 0,14 48,3 23,1 234,65 11,88 222,77
2,0 27,0 5770,31 0,16 52,6 25,5 252,03 11,42 240,61
2,5 30,9 7018,31 0,22 59,5 26,6 258,68 15,20 243,48
x+Sx (27,90 £ 0,54|6088,91 + 335,90(0,17 £ 0,01 25,07 £ 0,53[248,45 £ 11,12(12,83 £ 1,97/235,62 £ 9,56
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Ta6ua. 4. Biusanue conepkaHusi OpraHUnYECKOTO BELIECTBA TOYBBI HA KAUECTBO JIbHSIHON CTIaHIIEBOI
TPECTHI M JUIMHHOTO TPenaHoro BojiokHa (cpeguee 3a 2021-2023 rr.)

Table 4. Influence of soil organic matter content on the quality of flax retted straw and long flax rolled

and beaten tow (average for 2021-2023)

Performance characteristics of flax raw materials

Retted flax straw (STB 1194-2007)

Yield of total fiber from flax straw, % (V, %)
Long fiber yield from flax straw, % (V, %)
Fiber color index (V, %)

Number of percentage meters

Flax straw number

Long flax rolled and beaten tow (STB 1195-2008)

Grab length, cm (V, %)
Flexibility, mm (V, %)
Breaking load, H (V, %)
Color, group

Fiber number

The content of organic matter of sod-podzolic
medium loamy soil influenced the indices and
average number of long flax rolled and beaten
tow. Increase of the soil organic matter from 1.5
to 2.0-2.5% raised the fiber quality number from
10 to 11 due to increase of its grab length by
8—-13% and breaking load by 3—9%.

The dependence of long flax rolled and beat-

a
59 -
£ 58 Number 1
5 571

Number 10 y=06,7x +41,167
51 4 R?=10,9876
50 | , . |
1,0 1,5 2.0 25 3.0

Soil organic matter content, %

Soil organic matter content, %

1,5 | 2,0 | 2,5
29,3 (11,0) 30,6 (11,7) 30,2 (15,5)
19,0 (21,5) 20,3 (13,9) 21,2 (15,0)

1,9 (16,6) 2,3 (19,9) 2,2 (19,8)
169,0 189,3 195,7
1,50 1,67 1,83

51,0 (9,0) 55,0 (9,6) 57,7 (5,6)

52,7 (4,0) 51,7 (7,3) 49,3 (6,2)

215,7 (18,1) 223,0 (19,7) 235,0 (20,1)
3 3 3
10,0 11,0 11,0

en tow quality on soil organic matter content was
described by linear regression equations, which
prove its strong influence on the grab length (R?
= 0.99) and fiber strength (R*> = 0,98) (see the
figure).

CONCLUSION

Positive effect of soil organic matter on the

o

[N}
ieN
S

Number 11 4

[N N\ N N
N W W
=T

[\ =]
S

y=19.3x+ 185,97
R>=0,9806

Fiber breaking load, H

)
—
bdl

25 3.0

1,0 15 2.0

Soil organic matter content, %

Bnusinue conep:kaHusi OpraHn4eckoro BeecTBa IEPHOBO-TIO30JIMCTON TOUBBI HA TOPCTEBYIO JUIHHY (a),
pa3phIBHYO HAarpy3Ky (6) 1 HOMep JITMHHOTO TPEnaHoro BojokHa (cpemnee 3a 2021-2023 rT.)

The influence of the organic matter content of soddy-podzolic soil on the strick of flax length (@), breaking
load (6) and the number of long flax rolled and beaten tow (average for 2021-2023)
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yield and quality of flax products has been
proved. The increase in soil organic matter con-
tent from 1.5 to 2.0-2.5% boosted seed yield by
16-35% due to an increase in bolls (+22-39%)
and seeds per plant (+46-65%), retted flax straw
— by 10-33% due to an increase in technical
stem length (+6-13%); fiber — by 14-37%, in-
cluding long fiber — by 15-43% by increasing
the number and size of bast bundles in the stem
(+5-20 and 5-28%), as well as the number of
elementary fibers in the bundle (+10-15%) and
their transverse size (+7-10%). The quality of
the retted flax straw has been improved by 1-2
numbers by increasing the content of long fiber
fraction in it by 7-11% RH and improving the
color by 16-21%. Increase in the quality of long
flax rolled and beaten tow by 1 number is due
to an increase in its grab length (+8-13%) and
strength (+3-9%).
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AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific
community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the
degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:

general agriculture and crop production;

plant breeding, seed production and biotechnology;

agrochemistry, soil science, plant protection and quarantine;

fodder production;

infectious diseases and animal immunology;

private zootechnics, feeding, technology of feed preparation and production of livestock products;

breeding, selection, genetics, and animal biotechnology;

technologies, machinery and equipment for the agro-industrial complex;

food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature of Scientific

Section name L . .
Specialties, for which academic degrees are awarded

.1. General agriculture and crop production
.3. Agrochemistry, soil science, plant protection and quarantine

RS

Agriculture and chemicalization i

4.1.1. General agriculture and crop production

Plant growing and breeding 2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production
Fodder production 4.1.2. Plant breeding, seed production and biotechnology
3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

Zootechnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation, 431

modelling and dataware . Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products

4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex

4.3.3. Food systems

Problems. Opinions

Scientific relations

From the history of agricultural
science

Brief reports

From dissertations

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

an article has not been published before in any other journal;

an article is not subject to review in any other journal;

all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);

a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed
for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it
to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

author questionnaires in Russian and English (sample author questionnaire);

a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and ““ Brief reports” should not exceed 7 pages.

Article design structure:

UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is
a brief and consistent presentation of the material of the article on the main sections and should reflect the main content,
follow the logic of the presentation of the material and description of the results in the article with the provision of specific
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in
southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
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References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format™®.jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (o, B, m, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

« accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

« reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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B pazznene KOHTaKThI 3alTH TIO CCHUTKE
http://ural-press.ru/contact/, Tae MOXHO BBIOpaTh (hUITHAT IO MECTY KUTEIHCTBA

B penakumu :kypHasa
ten. 7 (383) 348-37-62, e-mail: sibvestnik@sfsca.ru

[TonHOTEKCTOBAS BEpcus KypHaa
«Cubupckuii BECTHUK CEITbCKOXO035HCTBEHHON HAYKH
pasmeleHa Ha caiite Hay4uHoit anekTpoHHoi 6uOnnoTeKu:
http://www.elibrary.ru.



