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ABSTRACT

Keywords:

combined plough,
mechanical engineering,
minimum tillage,

It has been established that there is a need for regular inclusion of soil plowing
in the process of minimum tillage. The need for regular inclusion of soil plowing
in the process of minimum tillage has been established. A technological scheme
for a combined machine has been developed, and a combined front plough for

SO’ZZ’ ) smooth plowing capable of performing both basic and surface soil tillage in a

soil erosion, single pass has been proposed. Several geometric, operational, and technological

plowing parameters of the proposed plow working body have been determined. The
feasibility of using a combined front plough for smooth plowing has been
confirmed.

Introduction technical maintenance and repair and a base of technical

Agricultural machines and tools produced in the territory
of the former USSR, which still occupy a significant share
in the machinery park of Armenia, are of low quality.
Their reliability and durability are inferior to their global
counterparts (Tsench, et al.,2018).

The creation of high-quality agricultural machinery
will become a reality if it is based on modern methods
developed in various countries around the world, accurate
calculations, thorough research, and advanced cutting-
edge technologies. Moreover, it is essential to maintain
a high level of operational reliability of agricultural
machines in the future, based on the latest methods of

means (Zimin and Smetnev, 2015).

Materials and methods

At the current stage of agricultural production, minimum
tillage is being emphasized, as it ensures the reduction
of operational costs and soil erosion by combining the
necessary technological processes of soil cultivation
(Belousov and Trubilin, 2017).

In recent years, there have been frequent attempts to
eliminate the plowing process in the context of applying
new technologies (Kulikova and Zagudaeva, 2019).

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University N 4 (84)/2023
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However, the results of numerous studies have confirmed
that completely removing plowing from technological
processes is a categorical mistake. This is because it results
in the lower layers of the soil / deeper than 15¢cm / not being
cultivated atall, with only the top layer of soil being utilized.
Although plowing is a very heavy and energy-intensive
process, like many researchers, we also support the idea
that plowing should be carried out periodically, once every
3-4 years. This approach allows the lower layers of the
soil to participate in cultivation while helping to restore the
fertility of the surface layers (Varin and Iskhakov, 2023).
In all cases, one of the requirements of new technology is
to reduce the number of passes of technical means in the
field, which must be performed imperatively (Alekseeva,
et al., 2014). Therefore, in the case of including the
plowing technological process, the number of passes
should be reduced, and minimum tillage should be ensured.
This means that plowing should be combined with the
following technological process, namely, performing
both the primary and surface soil cultivation in one pass
of the aggregate. The solution to this problem is to create
a combined agricultural machine that simultaneously
performs plowing to a depth of 25-30 cm and surface
cultivation to a depth of 15-20 cm. For this approach to
solving the problem, we have chosen the plow + disc
harrow combination.

The main disadvantage of such combined machines is their
high traction resistance. To reduce this, modifications have
been made to the structure of the harrow and the plow, as
well as optimization of the technological parameters of the
working organs (Tonapetyan, et al., 2021).

Creating a machine combined with traditional plows
involves a series of complexities. The issue is that
the moldboard of traditional plough has a sequential
arrangement, leading to their considerable length, which
will increase even further when combined. As a result, we
will end up with a very long aggregate, which becomes
impractical in the soils of Armenia. This is due to the small
sizes of the plots, the frequency of turns and maneuvers,
the fragmented nature of the fields, the inconvenience of
moving the aggregate from one field to another, and other
factors (Mirzakhodjaev, et al., 2018).

Results and discussions

Considering the above-mentioned factors for designing a
combined plow, we have decided to focus on the design
of a front plough, which has an advantage over traditional
plows in that its tines are arranged broadly, which in turn
gives both the plow and the aggregate compact dimensions.

316

In addition, the tines and other working organs have a
symmetrical arrangement, which is important for the course
stability and technological consistency of the aggregate.
The main disadvantage observed in the front plough is its
high traction resistance, which comes from the fact that
these plows, in addition to their main moldboards, also
have auxiliary working organs like turner plows, which
assist in turning the soil in their furrow.

The main moldboards of the front plow have a curved
surface, which, as is well known, turns the soil well but
does not crumble it effectively. With this type of plow,
the furrows often turn out very rough, especially in soils
with lots of weeds and particularly in harder soils. The
turning of the furrow by two working organs often causes
disruptions, which further increases the traction resistance
and, in some cases, can even halt the process. To make
it combined, the auxiliary working organs were initially
removed, resulting in the furrows not being completely
turned into their furrow. Since the two adjacent moldboards
work in opposition, the incompletely turned furrows in the
central part of the tines create a ridge-shaped soil heap, as
shown in Figure la.

Figure 1. Appearance of the Furrows. a. After the passage of
the moldboards of the combined plow, b. After the
passage of the disc coulters of the combined plow
(composed by the authors).

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University N 4 (84)/2023
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Figure 2. Front plough for combined smooth plowing:
a. Horizontal Projection,

b. Profile Projection: 1. Frame, 2. Supporting Wheels, 3. Blades, Right-turning 4. Lefi-turning and 6 Lefi-turning 5. Moldboards, 6. Left-
turning, 7 moldboards, Right-turning 8. Left-turning, 9. Left-turning, 10. Disc Coulters, 11. Disc Coulters (composed by the authors).

To spread and simultaneously crumble the soil, combat
weeds, and achieve a smooth, crumbled surface, disc
coulters are placed following the moldboards in the
combined plow (Figure 2) (Yesoyan, et al., 2023).

From a technological and energy perspective, the removal
of the turner plow from the design of the front plough and
the inclusion of disc coulters is justified. Additionally,
the proposed machine achieves a seedbed-ready surface
in a single pass, making its use justified from a practical
standpoint (see Figure 1b). This proposed machine has been
granted a patent in Armenia (RA Patent No. 846Y, (2023)).

The parameters of the moldboards with a curved surface
in the front plough have not changed, so the basis for
the parameters of the working organs of the combined
machine has been the disc coulters only.

The front plough for combined smooth plowing has four-
disc coulters, each located across the width of one tine.

The parameters we have focused on for the disc coulters are:
- the inclusion width -B.ouze,

- the working depth — /

- the number of discs in the coulter - n and the distance — d
- the angle of attack of the disc — &

- the radius of curvature of the disc — R

- the diameter of the disc - D.

Each coulter “services” one tine, so the width of inclusion
of one coulter should equal the width of inclusion of one
tine of the front plough, which is 45 cm.

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University 4 (84)/2023
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Figure 3. Spherical disc 1. There is a relationship between the central angle 2¢, the diameter of the disc D, and the radius of curvature

R of the disc (Panov A.I., Puzikov S.S., 2018).
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Figure 4. Schematic for Determining the Inclusion Width of the
Disc and Coulter.(composed by the authors).

Here, the problem boils down to determining the inclusion
width of one disc of the coulter, based on which the number
of discs in the coulter will be determined. To determine
the width of inclusion of the disc, it is first necessary to
determine the diameter of the disc and the angle of attack.

We are choosing a spherical disc (see Figure 3).
D=2sing R. (1)

The discs are standardized and the most commonly used
diameters are 450, 510, and 600 mm (GOST 198-75).
Considering that after the passage of the moldboards of
the front plough, a ridge-shaped surface is formed, which
needs to be smoothed by the selected discs, we choose
the largest available diameter for the discs, D=600 mm,
which according to GOST, has a thickness of b=4.0 mm.

The aforementioned GOST also standardizes certain
geometric parameters of the disc, specifically the angle o.
For the selected disc diameter, ¢ is setat 25°. Consequently,
the radius of curvature of the disc will be calculated as
R =D/(2sinp) = 710 mm.

The angle of attack of the disc depends on the depth of
cultivation. According to GOST, for cultivation depths of
10 to 20 cm, the angle of attack of the disc is set between
6 and 24 degrees (GOST 10267-69).

Considering that in this case the discs are required to
process a ridge-shaped surface, we choose the largest
prescribed depth, A=hmax=20 cm, which corresponds to
the maximum angle of attack o = 24° (Figure 4).

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University N 4 (84)/2023
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Therefore, the inclusion width of 1 disc will be:
B, .Dsinoa=0.6*sin24=24 cm. 2)

The inclusion width of the disc coulter will be determined
by the following formula.

Beowio=nB4—(n-1)A=nDsina—(n-1)A, (3)

where. 71 is the number of discs in the coulter, A and is the
overlap measurement between consecutive discs.

The inclusion width of a single disc coulter should be equal
to the width of the inclusion of one moldboard, which is
0.45 m. Therefore, from equation (3), we get the result.

n Dsino. —(n-1)A=0.45. “)

Assuming the overlap size to be A=12 cm (to avoid
untreated areas during turns), the number of discs in one
coulter will be n=2.75. We round this to n=3 discs. Using
Figure 4, we can determine the distance between the discs
in the coulter.

d=(D-L,,e1)coto=(D-A/sina)coto=
=(0.6-0.12/sin24)cot24 =0.67 m. (%)

Conclusion

1. Minimum tillage technologies do not typically include
plowing. However, considering the serious negative
consequences of omitting it, it is proposed to include
plowing in the pre-sowing cultivation process at certain
intervals, specifically once every 3-4 years. One of the
ways to achieve this is through the creation of a combined
machine based on plow bases.

2. The construction of the combined plow is structurally
suitable for execution on the bases of front ploughs, which
have compact dimensions and symmetrical and broad
arrangement of moldboards.

3. On the base of the PFN-2A front plough, has been
proposed combined plough for smooth plowing. Its turner
plows have been removed from the structure, and disc
coulters have been added with the following parameters:

- Number of coulters: 4,

- Type of disc: Spherical,

- Width of inclusion of one coulter: 45 cm,
- Diameter of the disc: 600 mm,

- Angle of attack of the disc: 24°,

Agricultural Engineering

- Number of discs in the coulter: 3,
- Radius of curvature of the disc: 710 mm,
- Distance between discs in the coulter: 67 cm.

4. The use of the combined front plough is justified from
technological, energetic, and practical perspectives.
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In 2021, the procedure for cadastral assessment approximated to market value
of real estate for real estate taxation (adopted in 2019) came into force in the
Republic of Armenia, whereby a new methodology for cadastral assessment of
other land fund categories of the RA was determined. The procedure does not
apply to agricultural lands, which to this day are assessed and taxed according
to the methodology and values that were determined in 1997. In this article, we

have addressed some points of the current methodology, which, in our opinion,
require revision or additional argumentation.

Introduction

In 2021, the procedure for cadastral assessment approximated
to market value of real estate for real estate taxation (adopted
in 2019) came into force in the Republic of Armenia,
whereby a new methodology for cadastral assessment
of other land fund categories of the RA was determined.
(The Law of the RA (HO-225-N), 2019). Whereas the
cadastral values and the net incomes for agricultural lands
were determined by the Decision of the Government of the
Republic of Armenia No. 237 of July 3, 1997 “On approval
of the data of the state land cadaster of agricultural lands and
unused lands of the Republic of Armenia”.

All subsequent decisions that determined the cadastral values
and the net incomes for agricultural land use types are as
follows: (Ne 712, 17.11.1998; Ne 591, 23.09.1999; Ne 454,
07.08.2000; Ne 780, 29.08.2001, Ne 1488-N, 19.09.2002;

Ne 717-N, 13.06.2003; Ne 1109-N, 05.08.2004; Ne 879-N,
30.12.2004; Ne 607-N, 19.04.2007; Ne 800-N, 24.06.2008;
Ne 29-N, 13.01.2022) refer to Decision Ne 237 (Decision of
the Government of the Republic of Armenia of July 3, 1997
No 237).

The main purpose of the article is to analyze the current
cadastral assessment procedure in order to avoid
some existing shortcomings when developing a new
methodology for the reassessment of agricultural lands in
Armenia.

Materials and methods

The main purpose of land cadastral assessment is
regulatory and information support for state regulation of
land relations (Varlamov, 2006).
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Table 1. Land-cadastral zones of RA - by marzes (provinces)*

Id Land-cadastral zones of RA Marzes (provinces) of RA

1 Urts-Kotayk-Shamiram Aragatsotn _ Armavir Kotayk Yerevan

2 Kotayk-Talin Aragatsotn Kotayk _

3 Aparan-Hrazdan Aragatsotn Kotayk _

4 Urts-Vayots Dzor _ Vayots Dzor

5 Vedi-Nerkin Arpa _ Vayots Dzor

6 Sevan Gegharkunik Kotayk

7 Pambak-Nerkin Dzoraget Lori

8 Verin Dzoraget Lori

9 Verin Debet-Aghstev Lori _ Gegharkunik

10 Akhuryan-Spitak _ Lori

12 Vorotan _

13 Nerkin Debet-Aghstev _ Lori Gegharkunik

14 Merdzaraksyan _ Armavir Yerevan

15 Ashotsk _

*Composed by the authors.

The land-cadastral zoning of the land fund of the RA
is a scientific system of dividing territory, which is
characterized by the detection of practically homogenous
natural, soil and economic conditions and contributes to
the correct assessment of agricultural lands (Avagyan and
Efendyan, 2022).

The land assessment is expressed in comparative relatival
indicators which show how good or bad is particular land for
growing a particular crop (Yezekyan and Efendyan, 2008).

Over the past two decades, natural landscapes in the
territory of RA have undergone noticeable changes,
mainly due to anthropogenic intervention, as well as
climate change, which has led to a sharp deterioration
of the hydrothermal regime, soil fertility indicators, soil
degradation and erosion processes over a large part of the
territory. Researching the reclamation state of lands and
cadastral revaluation will also indirectly contribute to
increased soil fertility (Avagyan and Efendyan, 2023).

The state cadastral assessment of agricultural lands enables
to determinate the value of land in terms of productivity
and soil contamination (Vislinski and Tikhonenko, 2017).
Therefore, when conducting a cadastral assessment
of agricultural land types, it is necessary to take into

account the technological conditions of the plots, which
have a direct impact on the cost of agricultural crops
(Yeghiazaryan, et al., 2020).

The land-cadastral assessment zones of the RA are
also determined by the annexes to the Decision of the
Government of the RA Ne 237, with fifteen of the zones
containing agricultural lands. Below we present the
distribution of land cadastral zones by marzes (provinces).

The land-cadastral zones are distributed as shown in
figure 1.

The appendix of the Decision of the Government of the
RA Ne 237 shows the net incomes of agricultural lands,
by marzes (provinces) and communities, by land use type
(arable lands, perennial plantings (vineyards, orchards
(pome fruits, stone fruits)), natural rangelands (grasslands,
pastures)), and by groups of cadastral assessment (1-5-rd
classes). Although the cadastral values and net incomes
in Appendix are provided by marzes and communities,
the main factor for these values is land-cadastral zoning:
the cadastral value of the 5th class arable land of the
conditional Urts-Kotayk-Shamiram land-cadastral zone
is the same both in Aragatsotn, Armavir, Ararat, Kotayk
provinces and in Yerevan.
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LAND-CADASTRAL ZONING OF REPUBLIC OF ARMENIA

Merdzaraksyan
Urts-Kotayk-Shamiram
Kotayk-Talin
Aparan-Hrazdan
Vedi-Nerkin Arpa
Urts-Vayoc Dzor
Akhuryan-Spitak
Ashotsk

Verin Dzoraget

Sevan

Nerkin Debet-Aghstev
Verin Debet-Aghstev
Pambak-Verin Dzoraget
Syunik

Vorotan

Mauntain meadow and Alpine

Forest

Figure 1. Land-cadastral zoning of RA (Yezekyan, 2014).

Results and discussions

In the Appendix, the grasslands and pastures are divided
into two groups — countryside (adjacent to the villages)
and remote; however, the cadastral value is the same in
both groups. Only the values of arable lands are divided
into irrigated and non-irigated groups. For all other land
use types, the values for irrigated and non-irrigated areas
are identical. In the Appendix, the values of the catastre
groups of those lands are provided per communities that
were present in the particular community at that time.
Values of absent land use types and those of the absent
land cadastral assessment groups are not presented.

According to the Decision of the Government of the RA
Ne 1101-N of July 25, 2002 “On approval of the cadastral
values of other agricultural lands”, other (unused) lands
of agricultural designation are assessed separately for
each land-cadastral zone, calculated by the coefficient
determined for the particular year based on the Decision of
the Government of the RA Ne 1101-N, from the lands of
agricultural designation, by the net incomes and cadastre
values weighted by land areas of the Sth group pasture
lands (Decision of the Government of the Republic of
Armenia Ne 1101-N of July 25, 2002).

Based on the aforementioned decisions of the Government
of the RA, we have drawn up the table below, separating

the values defined for each land-cadastral zone. For this
purpose, we have analyzed statements of cadastral values
and net incomes for 1002 settlements and obtained a
complete table for all groups of land-cadastral assessment
for all land use types in all 15 land-cadastral zones, which
didn’t exist before. The fields, the values of which are
not provided in the Appendix to the Decision, remained
empty, i.e. no value was determined for them.

Obviously, in all the land-cadastral zones, the highest
values have the perennial plantings, followed by arable
lands, grasslands, pastures and other lands. In Urts-
Kotayk-Shamiram and Urts-Vayots Dzor land-cadastral
zones, pome fruit orchards are the highest value lands,
while vineyards have the highest value in Vedi-Nerkin
Arpa, Verin Debed-Aghstev, Syunik, Vorotan and Sub-
Araks land-cadastral zones, and stone fruit areas are most
valued in Nerkin Debed-Aghstev zone.

Grasslands in some regions are inferior in value to arable
lands (Urts-Kotayk-Shamiram, Vedi-Nerkin Arpa, Sevan,
Pambak-Nerkin Dzoraget, Verin Dzoraget), and in others
(Kotayk-Talin, Aparan-Hrazdan, Urts-Vayots Dzor) have
a higher value. Exactly, the same picture is in the case of
pastures.

The values of the other lands correspond to pastures of the
5t class.
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Table 2. The cadastral assessment values — by land-cadastral zoning, land use types and groups of cadastral assessment,
according to the Decisions Ne 237 of 1997 and Ne 1102-N 0f 2002 of the Government of the Republic of Armenia.

Land cadastral zones land use type arable lands stone fruit ochards pome friut ochards vineyards grassiands pasrtures I:’::;
BRSO 1 2 3 4 5 1 2 3 4 s 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 s
assessment
cadastral value, for 1 ha,
s Kotayk P 145900 | 88400 | 63800 | 47400 | 14600 166200 | 100700 | 53100 | 17400 | 351900 | 273900 | 161500 | 72000 | 11200 253400 | 149200 65400 | 23600 | 31000 | 24100 | 17200 | 10300 | 3400 18900 | 13500 | 8100 | 2700 | 2700
s-Kotayk-
S cadastral value, for 1 ha,

ronirisated 27900 | 22200 | 15600 | 9800 166200 | 100700 | 53100 | 17400 | 351900 | 273900 | 161500 | 72000 | 11200 253400 | 149200 | 65400 | 23600 | 31000 | 24100 | 17200 | 10300 | 3400 18900 | 13500 | 8100 | 2700 | 2700
"d's'“"’:l::“:';"’“‘" 71400 | 59100 | 46800 | 27100 | 14800 234000 | 179800 | 90300 | 29500 44800 24900 | 14900 | 5000 22200 | 15800 | 9500 | 3200 | 3200
Ty [ e sy gy o 00| 790 s | 30 wwo| | o | w0 | w0 | | 2 | o | 0 | 520 | w0
TSI R U e ey )| | | o) ) | o || e

Vedi-Nerkin Arpa ®:
Casasin velug, for 2he. 35300 | 30400 | 20500 | 9800 15200 48300 | 37500 | 26800 | 16100 35400 | 25300 | 15200 | 5100 | 5200
non-irrigated
I RTTAD 37900 | 28900 | 24000 | 13300 76900 | 41200 | 17400 169300 | 143000 83900 | 23100 34500 | 26800 | 19200 | 11500 | 3800 18600 | 13300 | 8000 | 2700 | 2700
Pambak-Nerkin irrigated
Droraget
sttt 010 || iy | | o | e o0 | evn | | | 60| eson| s | 20 w0 | 2500 | 1o | 1500 | w00 | | s | 1o | awo | 270 | 20
‘“‘“"[":‘I:';":';“”"" 63100 | 45800 | 27800 | 11300 93400 | 73300 | 37600 | 13800 121300 | 95100 | 4900 | 19500 125800 | 73700 | 45800 | 17900 | 27600 | 21500 | 15300 | 200 | 3100 17200 | 12300 | 7400 | 2500 | 2500
adssrtvlin 0t | | o[ oo | | sun | | swto| o | svwo | swo| | wsn] oo | assn | s | |t 50| o | vt | vt | | 1w ano | 300 | | w0 | 0 | w0 | 0 | o0
‘”“‘"i'r:i::'!’d"’“"" 90300 | 73900 | 60700 | 38600 175700| 149400 | 90300 | 29500 41400 | 32200 | 23000 | 13800 | 4600 | 38600 | 30000 | 21500 | 12900 | 4300 | 4300
Syunik —
< "‘"’:"'[:‘;e;‘ 2 49300 | 40200 | 25400 | 10700 175700| 149400 | 90300 | 29500 41400 | 32200 | 23000 | 13800 | 4600 | 38600 | 30000 | 21500 | 12900 | 4300 | 4300
cadastral value, for 1 ha,
e 114300 | 82100 | 57500 | 41000 | 24600 146100| 119800 | 59900 | 29600 62100 | 48300 | 34500 | 20700 | 6300 | 52900 | 41100 | 29400 | 17600 | 5300 | 5900
Aghstev.
sttt ot || | | 7 | s e s500| s | 500 o | st | 150 | 20700 | 50 | 50 | svon | 20 | 700 | w0 | 590
""'s'""r:i:':":d“’““' 106700 | 82100 | 57500 | 41000 146100 59900 | 29600 58600 | 45600 | 32600 | 19500 | 6500 | 55200 | 42000 | 30600 | 18400 | 6100 | 6100
Ashesk dastral value, for 1 h
e “::"::‘;M’ | 82100 | 60700 | 6000 | 32800 | 12300 146100 59900 | 29600 58600 | 45600 | 32600 | 19500 | 6500 | 55200 | 42000 | 30600 | 18400 | 6100 | 6100
cadastral value, for 1 ha,
P 81100 | 64700 | 48300 | 23600 [ 311800 | 275600 | 189400 | 141800 70400 178800 | 118800 | 58900 [ 289700 189700 | 138600 | 82700 63700 | 49500 | 35400 | 21200 | 7200 | 54200 | 42200 | 30100 | 18100 | 6000 | 6000
Kotayk-Talin S
cadastral value, for 1 ha,

] 65700 | 60700 | 46000 | 32800 | 11500 | 311800 | 275600 | 189400 | 141800| 70400 178800 | 118800| 58900 | 289700 | 189700 | 138600 | 82700 63700 | 49500 | 35400 | 21200 | 7100 | 54200 | 42200 | 30100 | 18100 | G000 | 6000
cadastral value, for 1 ha,

e 98800 | 75800 | 56900 | 38000 | 16700 147200| 88100 147200 37900 | 29500 | 21100 | 12600 | 4200 25000 | 17900 | 10700 | 3600 | 3600
Ty [ e e gy o wron] so0 won oo | 2000 | vt | w0 | 200 | | son | w0 | 2070 | 0 | 300
""‘""{":‘:'ﬂ“'l:';“”"" 87300 | 64300 | 41300 | 24900 | 13400 60200 | 24500 | 12600 133900 | 79100 | 33900 | 18400 100400 | 44600 24100 | 17200 | 10300 | 3400 | 24800 | 19300 | 13800 | 8300 | 2800 | 2800

Sevan
"“'s‘"’::‘:::‘;':;'"" 29500 | 25400 | 21300 | 17200 | 9000 60200 | 24500 | 12600 133900 | 79100 | 33900 | 18400 100400 | 44600 24100 | 17200 | 10300 | 3400 | 24800 | 19300 | 13800 | 8300 | 2800 | 2800
“““"[":I:'ﬂ"‘;"'“”"" 79700 | 65700 | 52600 | 31200 | 16500 197900 | 143500 | 88700 | 43500 | 28000 110000 53800 | 41800 | 29900 | 17900 | 6000 | 45000 | 35000 | 25000 | 15000 | S000 | s000
sttt 010 | o [ | | 70| s oo so] s | 30 | 20 oo o0 | sano | 390 | w300 | 00 | o | 500 | 20 | 2500 | o | so0
cadastral value, for 1 ha,

mgated 106200| 67600 | 37200 | 12600 265400 179200 | 131600 | 60200 222800| 168600 | 108600 | 48700 | 279500 | 179000 | 128400 | 72500 | 30700 | 49600 | 38600 | 27600 | 16500 | 5500 | 47300 | 36800 | 26300 | 15800 | 5300 | 5300
cadastral value, for 1 ha,

e 52500 | 37800 | 26200 | 10700 265400 179200 | 131600 | 60200 222800| 168600 | 108600 | 48700 | 279500 | 179000 | 128400 | 72500 | 30700 | 49600 | 38600 | 27600 | 16500 | 5500 | 47300 | 36800 | 26300 | 15800 | 300 | 5300
cadastral value, for 1 ha,

o 203800 | 179200 | 121800 | 80700 | 39700 204700 | 164400 | 116800 | 69200 | 258800 | 207900 | 153800 | 93800 | 33900 | 423300 | 327200 | 197300 | 113600 | 57700 49500 2700 16100 | 11580 | 6300 | 2300 | 2300

Vorotan =
Ty e e o g om0 s 520 | 5000 20900 o 3300 | 3390 | ez 3720 570 ivcn| s | | o oo || woan | w0 | oo | 20 | o0
“““”i'r:‘i::“‘!'d“’”"" 61600 | 59900 | 48500 | 25700 | 18100 143400 34300 37500 | 26800 | 16100 | 5400 | 40300 | 31800 | 22700 | 13600 | as00 | as00
:auasx"r::‘vi:nltj:;::driha. 38600 | 25400 | 15600 | 8200 149800 34300 37500 | 26800 | 16100 | 5400 | 40300 | 31800 | 22700 | 13600 | as00 | aso0

*Composed by the authors.

The values of land-cadastral zoning (for 1 ha, measurement
— AMD, by land-cadastral zoning, land use types and
groups of cadastral assessment) as well as the gap values
which were not determined for many land-cadastral zones

and groups of cadastral assessment, can be seen more
clearly and obviously in the figures 2 to 9 below, presented
for each operational goal.

AMD Arable lands, irrigated

250000
200000
150000
100000

50000

PO ]

m] m2 m3

4 m5
Figure 2. The cadastral values of irrigated arable lands — by land-

cadastral zones and groups of cadastral assessment
(composed by the authors).

AMD Arable lands, non-irrigated
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Figure 3. The cadastral values of non-irrigated arable lands — by
land-cadastral zones and groups of cadastral assessment
(composed by the authors).
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AMD Stone fruit orchards
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Figure 4. The cadastral values of stone fruit orchards — by land-
cadastral zones and groups of cadastral assessment
(composed by the authors).
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Figure 5. The cadastral values of pome fruit orchards — by land-
cadastral zones and groups of cadastral assessment
(composed by the authors).
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Figure 6. The cadastral values of vineyards — by land-cadastral
zones and groups of cadastral assessment (composed
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Figure 7. The cadastral values of grasslands — by land-cadastral
zones and groups of cadastral assessment (composed by

by the authors). the authors).
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Figure 8. The cadastral values of pastures — by land-cadastral
zones and groups of cadastral assessment.(composed
by the authors).

Figure 9. The cadastral values of other lands — by land-cadastral
zones (composed by the authors).
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In some land-cadastral zones, for vineyards (Kotayk-
Talin, Aparan-Hrazdan, Urts-Vayots Dzor, Sevan,
Pambak-Nerkin Dzoraget, Verin Dzoraget, Ashotsk),
for stone fruit orchards (Kotayk-Talin, Sevan, Pambak-
Nerkin Dzoraget, Verin Dzoraget, Akhuryan-Spitak,
Vorotan, Ashotsk), pome fruit orchards (Aparan-Hrazdan)
the cadastral value has not been determined for any group
of cadastral assessment. In the case of pastures, the values
of the Ist cadastral assessment group are mostly absent
(Urts-Kotayk-Shamiram, Kotayk-Talin, Aparan-Hrazdan,
Urts-Vayots Dzor, Vedi-Nerkin Arpa, Akhuryan-Spitak,
Merdzaraksyan). In the case of grasslands in different land-
cadastral zones, the values of different groups of cadastral
assessment are absent (for example, in Kotayk-Talin - 2nd
group, in Aparan-Hrazdan - 5th group, in Syunik - values
of the 1st group), the same picture is also in the case of
arable lands.

Conclusion

In 6 out of 15 land-cadastral zones, the cadastral value
has not been determined for 2 agricultural land types, in
3 - for 1 agricultural land types (for any group of cadastral
assessment), and in the case of the remaining six regions, for
some groups of cadastral assessment different agricultural
land types have not been determined. There is no such
region of land-cadastral zones for which the cadastral values
and the net incomes of all groups of cadastral assessment for
all agricultural land use types are determined.

Currently, if any landowner decides to plant an orchard or
a vineyard in the conditional Ashotsk or Aparan-Hrazdan
land-cadastral assessment zone, the net incomes and the
cadastral values are calculated based on values of one of
the nearby land-cadastral zones, which, in our opinion, is
incorrect. In the new methodology of cadastral revaluation
of agricultural lands, it is necessary to include base values
for each agricultural land type for each land-cadastral
assessment zone, which will further serve as the basis for
calculating the net incomes and the cadastral values for any
group of land cadastral assessment for newly established
planting of any land type.

The circumstances of determining the same cadastral
values and net incomes for nearby and remote grasslands
and pastures are also unclear and need additional
justifications or changes.
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ABSTRACT

Keywords: “Argitos Agro” is a plant growth stimulant with fungicidal effect and when

plant growth stimulant, disinfecting cucumber seeds and applying during the growing season, it does not

“Argitos Agro”, have a significant effect on the development of powdery mildew disease.

[}Z;Vd;?;:;lhjoew’er The preparation, indeed, has a stimulating effect on the germination of cucumber

cro;;gqua i ; perty seeds, the growth of seedlings and plants, accelerates flowering, increases the
yield and improves its quality indicators.

Introduction increases. In addition, colloidal silver ions increase the

Currently, a lot of attention to the implementation of high
technologies, including in agriculture, is paid all over the
world (Singh, et al., 2017; Duhan, et al., 2017).

Recently, growth stimulant with fungicidal properties,
namely preparation Argitos Agro produced by the scientific
production enterprise “Nanosphere” of the Russian
Federation has been registered in our Republic, the basis
of which is the use of an ionic solution of nanosilver.

The preparation is intended for stimulating the growth
and metabolism of plants, disinfection of soil, seeds
and planting material (bulbs, tubers, roots), as well as
prevention and immediate control of a number of diseases.

The stimulating effect of the preparation on the plant is
due to the fact that colloidal nanosilver ions reduce its
sensitivity to ethylene by suppressing ethylene receptors.
As aresult, premature aging of plants is inhibited and yield

concentration of endogenous auxins in plant tissues at the
expense of suppressing the activity of enzymes carrying out
their oxidation, as a result of which a powerful root system
is formed, thereby promoting growth and development of
plants (Sharma, et al., 2012; Aung, et al., 2021).

Involvement of such a preparation in organic agriculture
is very necessary, because in our deep conviction, the
development of the greenhouse economy in our Republic
should go mainly in the direction of the production of
organic vegetables, fruits and greens from now on.

Based on the above stated, the aim of this work was to
study the effect of the preparation Argitos Agro on the
germination of cucumber seeds grown in greenhouse
conditions, on plant growth, development, yield and quality
indicators of fruits, as well as to study the potential role of
the preparation in powdery mildew disease management.
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Materials and methods

The experiments were carried out in the greenhouse
economy of Darakert community at Masis region.

Before sowing, part of the seeds was kept for 10 hours in
a 0.5 % solution of the preparation “Argitos Agro”, some
other part was treated in a 1.0 % solution of the preparation,
and another part was left untreated.

The seeds were sown in plastic cups, and in order to
stimulate the germination process, they were covered with
a polyethylene film, making ventilation from time to time.
In the initial period, cups were kept at +(26-27)°, which
was then gradually lowered: during the day: +(20-22)°, at
night: +(15-17)".

As soon as the first sprouts of the seeds appeared, the
polyethylene film was removed.

Seedlings were planted one month after sowing, 2.5 plants
per square meter. In order to stop the further growth of the
plants and regulate the yield, the ends of the main stem of
the 90-day-old plants were cut off.

During the vegetation period, the plants (including the
control) were fed 3 times a week after planting, with the
help of the drip system, with fertilizers intended for growing
cucumbers. The first feeding was done one week after
planting the seedlings (20 g urea, 10 g potassium sulfate,
10 g super-phosphate per 10 L of water), the second one —
during mass flowering (30 g urea, 20 g potassium sulfate
and 40 g super-phosphate per 10 L of water), the third one
— during fruiting (20 g nitro-phosphate, 20 g potassium
sulfate and 1 liter of manure infusion per 10 L of water). It
should be also noted that during the preparation of the soil,
it was enriched with bio-humus.

During the vegetation period, the plants were also sprayed
twice with preparation “Argitos Agro”. The first spraying
was done one week after planting the seedlings, the second
- 15 days after the first spraying. That is, as recommended
by the instructions for the use of the preparation for
cucumbers.

Experiments were performed as follows:

1. Seeds were not disinfected and the plants were not
sprayed with a stimulant during vegetation (Control);

2. The seeds were not disinfected and the plants were
sprayed twice with a 1.0 % colloidal silver solution
during the vegetation period;

3. Seeds were disinfected with a 0.5 % solution of
colloidal silver and the plants were sprayed twice with
a 1.0 % solution of colloidal silver;

4. Seeds were disinfected with a 1.0 % solution of

colloidal silver and the plants were sprayed twice with
a 1.0 % solution of colloidal silver.

Observations related to the plants infection degree by
powdery mildew were carried out with the methods accepted
in phytopathology (Shamray and Glushenko, 2006).

Biometric observations of plants were made using the
accepted methods (Bukharova, 2021).

The qualitative indicators of the fruits were determined with
the methods accepted for biochemical analysis (Yermakov,
etal., 1987). Dry matter in fruits was determined by drying
the samples in a thermostat at 100-105 °C until constant
weight was reached. Total acidity was determined by the
titration method, ascorbic acid (vitamin C) - by Murre’s
method, and sugars - by the Bertrand’s method.

Statistical analysis: The data for yield were analyzed
by applying Anova Single Factor Test at 95% confidence
level for 4 replicates.

Results and discussions

Observations made during the vegetation period showed
that no signs of powdery mildew or any other disease
appeared on cucumber plants within 50 days after
germination. Later, only signs of the powdery mildew
disease began to appear on the leaves of the plants that
gradually became stronger and more widespread, and
more intensively in the control version (Table 1).

Table 1. Effect of Argitos Agro on the development of
powdery mildew disease in cucumber plants*

Infection rate, %

Days after seed
treatment
50 70 90

Untreated seeds and plants (Control) 0.0 52 122

Variants

The seeds were not disinfected but
the plants were sprayed with a 1.0 % 0.0 44 110
stimulant solution during the vegetation

The seeds were disinfected with a
0.5 % solution of the stimulant and
the plants were sprayed with a 1.0 %
solution during the vegetation

The seeds were disinfected with a
1.0 % solution of the stimulant and
the plants were sprayed with a 1.0 %
solution during the vegetation period

*Composed by the authors.
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Table 2. Biometric data of cucumber plants*

Flo:;te::ng Germination Seedling Lengzltle(:lf til::lmam
Variants . after sowing, length before ’
sowing, days lanting, cm 50 70 90
day y! P >
Untreated seeds and plants (Control) 49 4 18 65 110 182
. . o
The seeds were not d1§1nfected but sprayed with a 1.0 % 47 4 13 70 115 186
stimulant solution during the vegetation
The seeds were disinfected with a 0.5 % solution of the
stimulant and sprayed with a 1.0 % solution during the 45 3 20 74 122 192
vegetation
The seeds were disinfected with a 1.0 % solution of the
stimulant and sprayed with a 1.0 % solution during the 45 3 22 78 128 200

vegetation

*Composed by the authors.

Table 1 clearly shows that the preparation Argitos Agro
inhibits the development of the disease to some extent.
During the vegetation the seeds were not disinfected with
the preparation, but after repeated sprayings with the
stimulant, the infection rate on the leaves of 70-day-old
plants was 0.8 % lower than in the plants of the control
variant. Within the same period, the spread of the disease
in the disinfected and sprayed versions decreases by
1.7-2.2 %. A similar pattern is also observed after 90 days.
In the specified period, the intensity of the disease on the
leaves of plants compared to the control decreases by 1.2 %
in the non-disinfected and sprayed version, and by 4.8-5.8 %
— in the disinfected and sprayed versions.

In order to prevent the further spread of the powdery
mildew on the cucumber plants, they were completely
sprayed twice with Bayleton.The obtained data prove that
even the disinfection of the seeds and repeated application
of Argitos Agro during the vegetation does not have a
significant effect on the development of powdery mildew
disease.

The ineffectiveness of the stimulant is also mentioned
in the literature on wheat (Lin and Xing, 2007) and in the
informative summary of the preparation application. It is
also noted that the effectiveness of the preparation against a
number of diseases (bacterial burn, stem rust, reddish-gray
spotting, root rot, powdery mildew) of different crops is high.

In order to clarify the stimulating effect of the preparation
Argitos Agro, we performed biometric observations.

The data in Table 2 show that the preparation really has
stimulating properties on the cucumber. Cucumber seeds
disinfected with the stimulant germinate 1 day earlier than
those that are not disinfected. The preparation stimulates

the growth of seedlings and contributes to the earlier
flowering of shoots. Moreover, before the planting, the
length of the seedlings in the versions disinfected and
double sprayed with the stimulant was 2-4 cm longer than
in the control one. Compared to the latter, flowering of the
plants begins 2-4 days earlier.

The stimulating effect of Argitos Agro on cucumber plants
is manifested during the entire vegetation period. The
length of the main stem of 90-day-old plants is 10-18 cm
longer in the stimulant versions compared to the control.
Even if the seeds are not disinfected and the stimulant
is used during the vegetation, the length of the plants
increases by 4 cm.

Table 3. Yield of cucumber as affected by the use of
Argitos Agro preparation™

. Yield (kg/m?)

Variants LSD =1.09
Untreated seeds and plants (Control) 15.2+1.30
The seeds were not disinfected but plants
were sprayed with a 1.0 % stimulant solution 17.2+1.46
during the vegetation
The seeds were disinfected with a 0.5%
solution of the stimulant and plants were

+

sprayed with a 1.0% solution during the 19.0+0.90
vegetation.
The seeds were disinfected with a 1.0 %
solution of the stimulant and plants were 19.0£0.61

sprayed with a 1.0 % solution during the
vegetation.

*Composed by the authors.
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Table 4. Effect of Argitos Agro stimulant on the main qualitative properties of cucumber*
Sugars, % Organic acids, C
Variants Total % vitamin,
mono- sugars succrose Tota by malicaci) Bmea
Untreated seeds and plants (Control) 1.98 0.65 2.63 0.1 5.0
The seeds were not disinfected but plants were sprayed with a
1.0 % stimulant solution during the vegetation 241 0.35 2.96 0.1 73
The seeds were disinfected with a 0.5 % solution of the
stimulant and plants were sprayed with a 1.0 % solution during 2.23 0.74 2.97 0.09 9.0
the vegetation.
The seeds were disinfected with a 1.0 % solution of the
stimulant and plants were sprayed with a 1.0 % solution during 237 0.67 3.04 0.1 10.0

the vegetation.

*Composed by the authors.

A significant increase in yield is observed when the seeds
are disinfected with the preparation and the plants are
sprayed twice with the stimulant during the vegetation. In
these cases, 3.8 kg of additional harvest is obtained from
one square meter (Table 3).

The obtained data were analyzed by variance (Anova) with
95 % confidence level. The null hypothesis was rejected
(P<0.05, Fobs>Fcr). A statistically significant difference
between variants was found.

Biochemical analyzes performed by us have shown that the
fruits of all variants, where Argitos Agro was used, stand
out with better quality indicators (Table 4). Moreover,
the total content of sugars in them is higher than in the
control variant by 0.33-0.41 %, and the amount of vitamin
C exceeds that of the control one even twice.

These results are confirmed upon the literature, where it
is shown that some concentrations of silver nanoparticles
have a pronounced phytostimulating effect on plants of
rape, poplar and arabidopsis plants (Gusev, et al., 2013;
Vance, et al., 2015). The mechanism of phytostimulation
can be the suppression of silver nanoparticles in the
activity of microflora pathogenic for plants, as well as the
inclusion of silver in biochemical processes.

Conclusion

Summarizing the results of the research related to the
effect of Argitos Agro on cucumbers, it can be concluded
that the preparation, in the case of seed disinfection and its
repeated application during the vegetation, does not have
a significant effect on the development of the powdery
mildew.

Whereas, the preparation really has a stimulating effect,
promotes the germination of cucumber seeds, the growth
of seedlings and plants, accelerates flowering and increases
the harvest, while providing better quality fruits.
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ARTICLE INFO ABSTRACT

Keywords: A task was set to reveal the effect of water-soluble fertilizers of new composition
drip and furrow methods of and quality on the content of available nutrients at different depths of the soil,
Jfertilization, depending on the movement of the irrigation water, irrigation time, as well as
growth of shoots, its effect on the growth, yielding capacity and the quality of fruit in commercial
lignification, size walnut orchards. The research has shown that the movement of nutrients

movement of nutrients,

in the soil is completely dependent on the movement of water when applying
walnut tree

water-soluble complex fertilizers with drip irrigation. Therefore, the amount
of the water should be adjusted so that the nutrients are available to the plant’s
root system at all depths, improving the growth, and increasing the content of
the basic nutrients in the leaves.Fertilizers with less water-solubility are mainly
preserved at a 0 cm - 30 cm depth. When the root system grows and spreads to
the inter-row spaces, it is appropriate to periodically fertilize also the inter-row
spacing by the furrow method.

Introduction

The importance of fertilizers in maintaining the fertility of
soils and increasing the yielding capacity of crops is well
known (Melkonyan, et al., 2004; Ghazaryan, et al., 2022;
Grigortsevich, 2011; Marchenko, et al., 2015; Mineyev,
2004; Polukhina, et al., 2018). It is common to define the

plant nutrient supply through the chemical analysis of soil
or plants (Ghazaryan, et al., 2022; Kuzin, 2015; Mineyev,
2004). In Europe, the USA, Japan, and other countries, it
is more common to determine the plant nutrient supply
through the pant analysis method. Moreover, the most
sensitive organ — the leaf — is mostly analyzed (Volkova,
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2019; Gorman, et al., 2021; Michurin, 1973; Yagodin,
1987), with the results being evaluated in three degrees
of supply: “week”, “medium” and “good” supply of a
particular nutrient. In developed countries, based on the
results of numerous studies, a scale of the nutrient supply
in soils and plants has been defined. Whereas in Armenia,
only a scale of soil nutrient supply is defined (Melkonyan,
et al., 2004; Ghazaryan, et al., 2022).

Walnut (Juglans. L) is a crop that produces strong
aboveground and root systems; however, this occurs, if
the soil contains the necessary amounts of nutrients and
moisture (Mineyev, 2004; Trunov, 2005; Trusheva, 2014).
Moreover, it has been proven that the expected age of the
walnut (or other tree types) to bear fruits, the yielding
capacity, and the quality of fruit, depends, among other
factors, especially on the level of soil fertility. It can be
checked by soil and plant (leaf) analysis, followed by
setting the fertilizer application rates based on these data
(Fomenko, et al., 2018; Trusheva, 2014; Polukhina, et al.,
2018; Yagodin, 1987).

Even with all things considered, it should be noted that
scientific studies on the fertilization of walnuts are
extremely rare, with the Republic of Armenia nearly
lacking such studies (Trunov, 2005; Trusheva, 2014;
Fomenko, et al., 2018).

Currently, commercial-scale walnut orchards are being
massively established in different climatic conditions in
Armenia. Their fertilization is later performed through
drip irrigation, using mainly water-soluble complex
fertilizers, such as N:P: K=20:20:20 + microelements,
N:P: K=6:14:35, etc., which, with the changes they
have undergone in the soil, differ from the changes of
phosphorus, potash and combined and complex fertilizers
that are not completely water-soluble. Complex fertilizers
well dissolved in water have been imported to Armenia
only in recent years. However, their movement and
changes in the soil have not been studied yet. Thuswise, it
is important to reveal the effect of such fertilizers (NPK)
on the content and movement of available nutrients in the
soil, according to the depth and width, depending on the
movement of the irrigation water and the time of irrigation,
as well as its effect on the growth of walnut, NPK content
in the leaves and the yielding capacity.

Materials and methods

The research was carried out in the Aygehat community,
Lori Marz, in two different land plots: 1. a two-year-old
non-yielding orchard and 2. a six-year-old orchard, just
starting to bear fruits, with a plantation density of 35 m?

(7 m x 5 m), and Fernor being the pollinated variety and
Chandler — the pollinator.

The field trials were performed in 2021-2022, in four
replicates, with 10 trees of similar growing capacity
selected for each replicate, which were numbered. All the
observations, measurements, and records were performed
on these plants according to the methodology proposed by
Michurin in 1973 (Michurin, 1973).

The trials were set up with the following versions:

Trial I — Two-year old orchard
1. Without fertilization (control version)

2. Ny, ammonium nitrate + carbamide + ammonium
sulphate (drip method)

3. NgPs ammonium dihydrophosphate + ammonium
nitrate, carbamide (drip method)

4. NgPsKgs 20:20:20 (drip method)
5. NgPsKs 20:20:20 (drip method) + Ny PgKg

ammonium nitrate + carbamide + double
superphosphate + potassium chloride, (furrow method),
from both sides of the row, 28 cm — 30 cm deep.

Trial Il — Six-year-old orchard starting to bear fruits. The
distance between the plot of this trial from that of Trial I
is 12.5 km.

1. Without fertilization (control version)

2. N,»y ammonium nitrate + carbamide + ammonium
sulphate (drip method)

3. N3P ammonium dihydrophosphate + ammonium
nitrate, carbamide (drip method)

4. N3P ;20K 120 20:20:20 (drip method)

5. NiP120K 2 20:20:20 (drip method) + NP 2K 5
ammonium nitrate + carbamide + double superphosphate
+ potassium chloride (furrow method), from both sides
of the row, 28 cm — 30 cm deep.

According to the trial versions, for drip irrigation,
water-soluble complex fertilizers intended for that
purpose were applied; in version 5, the fertilization was
carried out by drip and furrow methods: For the furrow
method, fertilizers intended for applying through overall,
furrow, or other methods were applied. The time of each
irrigation, depending on the growth stage of the plant
has been determined whenever the soil moisture was
60 %-75 % of the maximum field water capacity. To
present the agrochemical characteristics of the test plots,
the mechanical composition of the soil was determined
by the method of Kachinski; humus — by the method of
Tyurin; carbonates — by calcimeter; the absorbed calcium
and magnesium — by the trilonometric method; the content
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of mobile nitrogen was determined by the method of
Tyurin-Kononova, that of mobile phosphorus — by the
method of Machigin, the content of mobile potassium —
in the Machigin solution extract; and humidity — by the
weight method (Arinushkina, 1961).

To determine the total amounts of nitrogen, phosphorus,
and potassium in the plant’s leaves, the related portion
was burned in an acidic medium, then the amount of the
nitrogen was determined by distillation, phosphorus — with
the help of colorimetric photometer and the potassium —
with the help flame photometer (Yagodin, 1987). The
growth and the lignification of one-year-old shoots of the
plant were determined by the linear measurement method
(Michurin, 1973).

Results and discussions

The field trials were carried out on brown forest carbonate
soils, the characteristics of which are presented in Tables
1 and 2. Thus, according to the data of Table 1 (trial No.
1, two-year-old orchard), the content of humus in soil was

0.96 %-4.01 %, with the mechanical composition in the
upper layers being light loam (physical clay: 25.3 % —
28.8 %), in the 3rd layer — heavy loam (the physical clay:
51.4 %), soil reaction (pH) is light alkaline, content of
carbonates is 1.2 % — 9.8 %, that of the absorbed calcium
— 19.0 mg-eq. — 26.3 mg-eq. and that of magnesium

9.4 mg-eq. — 11.7 mg-eq. in 100 grams of soil. The amount of
available nitrogen, phosphorus, and potassium, according to
the scale defined for the soils of the RA, is low and decreases
further depending on the depth. This situation with the soil
nutrient supply is characteristic also of the soils in the entire
region; therefore, the need for applying fertilizers is very
high (Melkonyan, et al., 2004; Michurin 1973).

The data in Table 2, providing the characteristics of the
soils in Trial No. 2 (six-year-old orchard), indicate that the
agrochemical characteristics of these soils are considerably
different from the data of Trial No. 1, which is due to the
application of bio humus and mineral fertilizers for years
on about 14 hectares of the orchard before our trials.

According to the data of this table, the mechanical
composition of the soil in the upper horizons is light clay,
with heavy loam in the lower horizon, the content of
carbonates is 3.1 % - 6.9 %, and pH — weak alkaline.

The content of available nitrogen is very low, with an
almost high content of phosphorus in the upper horizon
and a very low content of it in the depths of 30 cm—60 cm
and 60 cm—100 cm. According to the depths, such a pattern
is observed also in the content of mobile potassium. This
state of the nutrients in the test plot is due to incorrect
fertilization and irrigation operations. According to the
field studies, these soils are hardened starting with 15 cm-
20 cm depths, and are difficult to dig when drying.

Table 1. The agrochemical characteristics of the soil in Trial No. 1 before fertilization (two-year-old orchard)*

. . Soluble Absorbed Available nutrients of plants,
Sampling Physical Humus, CaCOs, pH e Gt iEmleq mg in 100 g of soil
depth clay, % % % o in 100 £ soil
() m g ol sol N P205 KZO
0-30 23.5 4.01 1.2 7.9 0.021 26.3+11.3 3.61 0.47 14.54
30-60 28.8 2.05 7.5 8.4 0.034 21.8+11.7 2.03 0.31 9.81
60-90 514 0.96 9.8 8.5 0.038 19.0+9.4 1.40 0.25 5.26

Table 2. The agrochemical characteristics of the soil in Trial No. 2 before fertilization (six-year-old orchard)*

Phusical Humus CaCOs Soluble Absorbed Available. nutrients of Plants,
Sampling y > > pH salts, Ca+Mg mg/eq. mg in 100 g of soil
clay, % % % o . f soi
%o in 100 g0 soil N P,Os K,O
0-30 65.4 4.42 3.1 7.7 0.046 30.1+10.3 1.39 5.60 47.94
30-60 60.8 3.18 5.7 7.8 0.031 21.2+10.4 1.02 1.26 4.23
60-90 56.5 0.73 6.9 8.4 0.028 20.8+9.9 1.04 0.51 4.71

*Composed by the authors.
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Thus, the results of the analyses of the soils in trial plots
have revealed that these soils are in the favorable range
for the plants with their mechanical composition, pH, and
content of carbonates, dissolved salts and the absorbed
calcium and magnesium, while by the content of mobile
nutrients, the soil in Trial No. 1 is weakly supplied with
NPK at all 3 depths, and the soil in Trial No. 2 is poorly
supplied with nitrogen, while it is well supplied with
phosphorus at the depth of 0 cm-30 ¢cm and poorly supplied
at depths of 30 cm-60 cm and 60 cm-90 cm.

Tables 3 and 4 present the effect of fertilizers applied through
drip irrigation (versions 2-4) and drip and furrow method
(version 5) on the content of nutrients at different depths of
soils. According to the data of these tables, in both trials,
the fertilizers have had a significant effect on the content of
mobile NPK in soil, with the level of impact being dependent
on the version of fertilization and the year of trial.

Table 3. The effect of fertilizers applied through drip
irrigation and drip-furrow method on the content
of mobile nutrients in the soil, Trial No. 1*

Z Mobile nutrients, mg in 100 g of soil

S Depth,

z P 2021 2022

5 cm

> N PO; KO N PO; KO
0-30 2.15 041 1433 2.06 041 1381

1 30-60 1.61 028 10.01 1.60 025 9.54
60-90 1.14 025 517 1.08 0.17 436
0-30 354 039 12.64 435 041 13.14

2 30-60 3.06 030 98 407 027 976
60-90 145 022 508 216 0.16 4.78
0-30 3.86 3.41 1036 591 577 11.63

3 30-60 295 345 831 3.17 4.06 8.01
60-90 1.76 2.14 6.07 293 158 584

0-30 4.06 3.51 25.07 6.17 698 4440
4  30-60 275 3.41 20.05 3.14 571 4297
60-90 2.06 197 188 2.84 4.02 30.08
0-30 391 337 2578 587 6.84 38.11
5 30-60 2.63 284 1931 3.14 6.01 37.16
60-90 1.85 2.01 17.65 291 386 3142
0-30 21.87 28.6 88.70 50.18 65.88 164.56

6 30-60 286 3.11 4.02 2571 4.06 4.79
60-90 195 1.75 351 7.65 2.04 427

Note: Versions: 1. Without fertilization (control version), 2. Ng,
3. NgoPso; 4. NeoPsoKso, 5. NeoPsoKso (drip method) +
NsoP oKy (furrow method)

*Composed by the authors.

Thus, according to the data provided in Table 3 (Trial
No. 1), in the first year of the study, the content of mobile
nitrogen in the control version was lower. In this version,
the content of mobile nitrogen became even less in the
second year of the trial. This pattern was preserved about
the mobile phosphorus and partially mobile potassium.
Meanwhile, in the versions with fertilizer application, the
mobile amounts of the relevant nutrients in the soil have
increased, which can be more clearly seen at depths of
0 cm-30 cm and 30 cm-60 cm. This pattern is preserved also
in the second year of the trial, becoming even more explicit
with the use of water-soluble complex fertilizers. This
indicates that the applied fertilizers have remained mobile
in the soil and have moved to the deeper layers with the
irrigation water. According to different researchers, water-
soluble complex fertilizers are effective also in the case of
leaf nutrition (Bayrambekov, et al., 2019; Volkova, 2019;
Gorman, et al., 2021; Popova, et al., 2009; Trunov, 2005).
Meanwhile, numerous studies indicate that the traditional
phosphoric (common and double superphosphates), as
well as potassium (potassium chloride) fertilizers, are
barely able to move in the soil compared with the mobility
of nitrogen fertilizers as well as water-soluble complex
fertilizers (Michurin, 1973; Osipov, et al., 2018; Polukhina,
et al., 2018). The reason is that the water-solubility of the
mentioned phosphoric and potassium fertilizers is low. On
the other hand, these fertilizers interact with the soil more
easily, with the interaction being even faster in carbonate
soils, where pH is higher than 7.0-7.5, since in such
soils, phosphorus compounds with low water-solubility
are formed, while potassium, especially in loam soils, is
partially absorbed by the absorbing complex in a non-
exchange form (Ghazaryan, et al., 2022; Osipov, et al.,
2018; Polukhina, et al. 2018; Trunov, 2005).

Meanwhile, the fertilizers produced for the purpose of drip
irrigation contain surface-active agents that mitigate the
possibility of comparatively rapid interaction between the
fertilizer and the soil (Ghazaryan, et al., 2022; Popova, et
al., 2009). As for ammonium and nitrate ions, it is known
that the nitrate ion in the soil moves with no hindrance
together with the movement of water, while the movement
of ammonium ion slows down as it is partially absorbed
by the absorbing complex (Ghazaryan, et al., 2022;
Polukhina, et al., 2018; Trunov, 2005).

According to the data in Table 3, the movement of the
fertilizer applied by the furrow method is extremely
difficult, which is especially the case with phosphoric
(double superphosphate) and potassium (potassium
chloride) fertilizers and the ammonium ion of the
ammonium nitrate (Melkonyan, et al., 2004; Ghazaryan,
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et al., 2022; Polukhina, et al., 2018; Popova, et al., 2009),
although in this version, the irrigation water was used to
ensure the same level of depth of soil moisture as it has
been in the drip fertilization versions.

Table 4 provides the effect of fertilizers applied by drip
irrigation and furrow method in Trial No. 2 on the content
of mobile nutrients at different depths of the soil. According
to the obtained data, the fertilizers have contributed to the
increase of the amounts of mobile NPK, the size of which,
however, just like in Trial No. 1, depends on the sampling
depth, type of fertilizer, and the method of application.
Thus, in the control (non-fertilized) version of the trial, the
content of the available NPK is lower. In the case of applying
only nitrogen fertilizer (version 2), the content of mobile

Table 4. Effect of fertilizers applied by drip and furrow
method on the content of mobile nutrients in the
soil, Trial No. 2*

Mobile nutrients, mg in 100 g of soil

2
=]
g Depth, 2021 2022
; cm
N PO, KO N PO, KO
030 345 612 4614 276 476 45.13

1 30-60 277 1.84 882 286 2.01 5.86
60-90 194 1.05 496 276 2.11 4.98
0-30 436 591 46.04 533 398 40.83
2 30-60 288 201 816 4.06 1.95 5.06
60-90 1.65 2.00 594 291 208 5.04
0-30 376 7.14 4591 516 6.74 39.74
3 30-60 285 295 7.4 374 3.06 812
60-90 2.06 198 578 2.08 2.01 4.03
0-30 512 7.06 53.16 586 6.12 50.36
4 30-60 4.04 3.02 1208 3.65 495 1146
60-90 193 1.77 431 208 1.04 441
0-30 496 678 5724 581 544 53.16
5 30-60 401 348 13.17 345 5.06 10.85
60-90 1.74 158 508 214 1.13 4.05
0-30 12.36 31.14 155.11 47.63 67.95 15891
6 30-60 804 933 13.82 21.14 1231 10.62
60-90 533 195 476 431 352 536

Note: Versions: 1. Without fertilization (control version), 2. Nz,

3. Ni2oPizos 4 NioPi2oKizo: 5. NizoPi2oKpz  (drip)+
Ni20P 120K 20 (furrow)

*Composed by the authors.

nitrogen in soil has increased partially, which is perhaps
more noticeable at the depth of 0 cm-30 cm. in the case of
using phosphorus or phosphorus and potassium with nitrogen
(version 3, 4), the content of these nutrients has increased,
which is especially apparent at the depths of 0 cm-30 cm
and 30 cm-60 cm. This indicates that the fertilizers applied
through drip irrigation have moved through water also at 30
cm-60 cm and partially 60 cm - 90 cm depths. Meanwhile, in
the case of applying fertilizers by the furrow method, mobile
nutrients have mainly accumulated at the depths of 0 cm-30
cm and partially 30 cm-60 cm, which, as mentioned, is due to
the properties of the fertilizers applied by the furrow method
(Ghazaryan, et al., 2022; Trunov, 2005).

From these data, we can conclude once again that fertilizers
applied by drip irrigation move more easily with water in
the soil compared to fertilizers intended to be applied by
the overall, trunk, or furrow method.

It is known that to fully reveal the effect of fertilizers on
plants, their effect on plant growth, lignification of annual
shoots, and content of nutrients in leaves, as well as on
yielding capacity and quality indicators is also studied.

The lignification of the shoots in perennial plantations
is important because lignification improves the winter
hardiness and frost resistance of plants (Volkova, 2019;
Gorman, et al., 2021; Polukhina, et al., 2018; Popova,
et al., 2009), and the definition of optimal amounts of
nutrients in leaves during the vegetation period allows to
find out the plant’s nutrient supply and the necessity of
fertilization (nutrition) (Volkova, 2019; Mineyev, 2004;
Michurin, 1973). The data are presented in Tables 5 and 6.

According to the data of the tables, during the vegetation
period, the size of the shoots, the degree of their
lignification, as well as the content of NPK in the leaves
depend on the fertilization system. Accordingly, the
mentioned indicators are lower in the control versions. The
effect of fertilizers on the lignification of annual shoots as
well as on the content of NPK in the leaves are noticeable.
Thus, the shoots were better lignified in cases where,
in the fertilization system, in addition to nitrogen, also
phosphorus or phosphorus and potassium were used. In the
case of applying only nitrogen, lignification of shoots was
the least, making only 82 %-83 %, while in the version
with application of phosphorus and potassium, it made
91 %-95 %.

The effect of fertilizers is significant also on the content of
NPK in leaves (Table 5, 6). According to the data of these
tables, the effect is more noticeable in version 5 of Trial No.
2. This is due to two factors.
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Table 5. Effect of fertilizers applied by drip and furrow methods on the growth, lignification, and content of NPK in the

leaves of the walnut shoots, Trial No. 1*

Average Lignification
Versions Number of growth of of annual
annual shoots shoots, shoots,

cm %
1 23 24 88
2 3.7 35 82
3 3.6 33 89
4 4.8 34 91
5 4.9 33 92

Content of nutrients in leaves, % (average of two years)

The first decade of July 2" decade of August
N P,0; K0 N P,0; K>0
2.24 0.27 1.96 1.26 0.21 1.71
2.84 0.21 1.74 2.04 0.19 1.56
2.76 0.48 1.76 1.95 0.38 1.57
2.71 0.45 1.85 1.91 0.36 2.04
2.75 0.44 1.83 2.02 0.37 2.05

Note: Versions: 1. Without fertilization (control), 2. Ngy, 3. NeoPso, 4. NsoPsoKso; 5. NeoPsoKso (drip)+ NspPsoKego (furrow).

Table 6. Effect of fertilizers applied by drip and furrow methods on the growth, lignification, and content of NPK in the

leaves, Trial No. 2*

Number Average Lignification of
. growth of
Versions of annual annual shoots,
shoots,
shoots %
cm
1 16.1 52 90
2 18.3 71 83
3 15.4 69 92
4 21.2 68 95
5 23.5 77 96

Content of nutrients in leaves, % (average of two years)

Blooming stage 2" decade of August

N P,0; K;0 N P,Os K>0
2.38 0.45 2.28 1.94 0.38 1.68
2.99 0.40 2.19 2.15 0.31 1.47
2.95 0.51 2.13 2.07 0.40 1.44
2.86 0.54 231 2.11 0.39 1.65
3.18 0.61 2.33 2.39 0.60 1.71

Note: Versions: 1. Withoutfertilization (CO}’lﬂ”Ol), 2. N/g(),' 3. N]ZOPIZ(); 4. N/g()P/Z()K]g(),' 5. N[g()P/g()K[z() (drip)+ N[z()P]g()K/g() (durrow)A

*Composed by the authors.

First, the content of available nutrients in the soil of this
trial was incomparably higher, which has occurred with
fertilization through drip irrigation in the previous years.
Secondly, according to our observations, part of the plant
roots have grown in the inter-row spaces and are fed also by
fertilizers applied through the furrow method.

Considering that the content of NPK in the plant leaves
is closely related to the nutrient supply, it is possible to
determine through leaf analysis the nutrient supply degrees
as “weakly”, “averagely” and “strongly” supplied and
determine the fertilization (nutrition) rates. Let us add that
the methodology of determining the necessity of fertilization
(nutrition) based on leaf analysis is widely used in European
countries, the USA, and elsewhere (Fomenko, et al., 2018;
Yagodin, 1987).

Conclusion

Based on the results of the fertilization trials in two- and
six-year-old (starting to bear fruits) walnut orchards in
2021-2022, the following conclusions were made:

1. The natural supply of nitrogen, phosphorus, and potassium
available for plants in brown forest carbonate soils in the
Aygehat and adjacent communities, Lori marz, is very low,
so there is a great need to apply appropriate fertilizers.

2.The soils in trials are significantly different from
each other in terms of the content of mobile nitrogen,
phosphorus, and potassium, since while establishing and
further maintenance of the 6-year-old orchard, organic and
mineral fertilizers were used. Thuswise, at the beginning
of the trials, the soil in Trial No. 1 was poorly supplied
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with nitrogen, phosphorus, and potassium available for
plants, while the soil in Trial No. 2 was poorly supplied
with nitrogen and well supplied with phosphorus and
potassium at the depth of 0 cm-30 cm.

3.In the case of applying the water-soluble complex
fertilizers through drip irrigation, they move with the
water to deeper layers compared with the movement of
fertilizers applied by the furrow method, although in both
cases the moisture has gone down up to 80cm-90cm deep.

4.1n the case of applying an effective fertilization system,
the growth and lignification of shoots are enhanced, and the
content of NPK increases in the leaves. The latter makes
it possible to define through leaf analysis the supply of the
particular nutrient at “week”, “medium” and “good” levels
and then determine the rates of fertilizer application, under
the influence of which the plants enter the fruit bearing
stage.

5.The effect of fertilizers applied by furrow method (from
both sides of the row) on the growth of walnut, lignification
of annual shoots, and the content of NPK in the leaves is
noticeable only in the 6-year-old orchard (Trial 2), where
the roots of the trees have spread to the interrows and are
fed from those areas as well. Therefore, to enhance the
efficiency of the producing orchards, in addition to the
fertilization by drip irrigation, it is important to periodically
perform also fertilization by the furrow method, with
significantly cheaper, but effective fertilizers.

6. The results of the chemical analysis of the plant’s leaves
should be taken as a basis to define the fertilizer application
rates.
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ARTICLE INFO ABSTRACT

Keywords: The article presents the results of two-year investigations related to the effect of
soil tillage, different soil cultivation methods, application times of equal doses of mineral
meliorants, and organic fertilizers and bio-humus with bentonite application against their
biohumus, background on the dynamics of macronutrients accumulation and their removal/
bentonite,

output through the crop yield. Considering the changes in the winter wheat
growth, development, and yield capacity under the effect of different soil tillage
methods, as well as the applied fertilizers and bentonite in rainfed conditions,
and also the nutrition characteristics, to get high and sustainable yield the
cultivation of winter wheat should be implemented only through loosening
method, while fertilization should be implemented by introducing natural rock
bentonite into the soil either on the background of mineral fertilizers (NsPsoKs0)
or bio humus (3.5 t/ha) in autumn, as a result of which the soil air, nutrition
and humidity regimes improve, favorable conditions are created for the regular
growth and development of the plant and 48.8-52 c/ha grain and 89-96 c/ha
straw yield is ensured.

nutrient dynamics

Introduction plant. These phenomena are related to the biological

. . haracteristics of the plant i tal itions.
It is well known that each crop demonstrates a certain characteristics of the plants and environmental conditions

selectivity and intensity of nutrients assimilation during  Nevertheless, the quantitative ratio of the nutrients in the
its growth and development, which undergoes a specific ~ plants’ organs is the result of their biological characteristics
change during the development process of the given  rather than that of the external factor.
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Due to different soil tillage ways and soil improvers
application the yield amount and qualitative indicators
also change significantly. On the whole, the supply of
nutrients to the plants takes place unequally.

The studies related to the dynamics of nitrogen, phosphorus
and potassium in the agricultural crops and those of their
removal with crop yield are pivotal to increase the application
efficiency of mineral and organic fertilizers, as well as
different soil tillage methods. Hereby it becomes possible to
adjust the doses and application times of fertilizers, as well
as to identify the soil cultivation method which ensures the
most efficient conditions for the regulation of plant growth,
development and nutritional regime.

It has been found out that 35-60 % of dry matters in the plants
of winter wheat are accumulated in the first half of the plants
growthand development period (before ear formation) in case
of traditional soil tillage method (deep plowing), whereas 40-
65% - in the second half. The nutrients accumulation
dynamics in the winter wheat plants is somehow related
to the content of available nutrients in the soil and to the
climatic conditions (Avagyan, et al., 1968; Galstyan, 2007).

According to the studies of numerous researchers, the
mineral and organic fertilizers and also natural mineral rocks
exert a certain effect on the growth and development, as
well as on the nutrients dynamics in the winter wheat plants
(Melkonyan, et al., 2004; Mineev, et al., 2006; Maksyutova,
2017; Galstyan, 2018; Gharakhanyan, 2022). In order to
produce high and stable yields of wheat, is it necessary
to apply yield-stimulating macronutrients (Rietra, et al.,
2017; Stepien & Wojtkowiak, 2019).

Outstanding Russian scientist-agronomist [.LE. Ovinsky
(Ovsinsky, 1899), showed the redundancy of the plow in
soil cultivation. He believed that most soil types contain
a huge amount of nutrients and under the conditions of
traditional soil cultivation, it is not possible to extract the
huge reserves of plant food that are contained in the soil and
in the atmosphere. This is accounted for the circumstance
that the old soil tillage system not only fails to contribute
to the activation of the factors generating plants available
nutrients, but also significantly hinders this process.

Different researchers in the RA and abroad have justified
that the nutrients output/removal from the winter wheat yield
(grain, straw) is mostly related to the yield amount, varietal
characteristics, the supply rate of mobile nutrients in the soil
and to the climatic conditions (Davtyan & Babayan, 1966;
Avagyan, et al., 1968, Mineev, 2004; Galstyan, 2007;
Pepo, 2007; Litke, et al., 2018; Yan, et al., 2020).

Materials and methods

The studies were carried out within 2021-2023 in
Fantan administrative area of the Hrazdan consolidated
community at the Kotayk region, in rainfed conditions.
The field experiments were set up in decalcified common
black soils, which are characteristic to that region and
the winter cereal crops (mostly 99.2 % winter wheat) are
cultivated on those soil types, where the humus content
makes 4.9-5.5 %, the medium reaction is close to neutral
(pH 6.9-7.2), the content of easy hydrolysable nitrogen per
100 g soil makes 2.94 mg, that of mobile phosphorus —
3.41 mg, and the exchangeable potassium — 37.72 mg.

The research activities aimed to study, for the first time
in the region, the effect of different soil tillage methods,
application times (autumn, spring) of equal doses of
mineral fertilizers and biohumus together with bentonite
against the latter’s background on the dynamics of
nutrients accumulation in the plants of winter wheat and
their output/removal via crop yield (grain, straw).

During the two-year investigations the field experiments
were set up in three replications; each experimental bed of
fertilization in every soil tillage method made 50 m?, the
experimental options were as follows:

1. Control (without fertilization),

. N60P60K607
. Bio-humus 3.5 t/ha,

. Bio-humus 3.5 t/ha + bentonite 3 t/ha (in Autumn),

2
3
4. NgPsKsy + bentonite 3 t/ha (in Autumn),
5
6. NgPsKs + bentonite 3 t/ha (in Spring),
7

. Bio-humus 3.5 t/ha + bentonite 3 t/ha (in Spring).

The mentioned variants of fertilizers and bentonite have
been applied throughout various soil tillage methods,
namely in case of no-tillage or zero-tillage method, in case
of only loosening or disc harrowing method (10-12 cm)
and in case of deep ploughing (22-25 cm).

In all variants, except for the control one, the equal doses
of mineral fertilizers and bio-humus were introduced into
the soil in Autumn, before sowing (by raking), the doses of
bentonite in the options of mineral fertilizers and biohumus
(4th and 5th )were applied in autumn, while in the 6th and
7th options it was introduced in spring, again by mixing
it with the soil via raking. Sowing, further cultivation and
harvesting activities of winter wheat Bezostaya-1 have
been implemented in compliance with the agricultural
rules common in the region.
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In the plant samples taken throughout the bushing, ear
formation and maturation phases during vegetation period,
the content of N, P,0; and K,0 have been determined
through the generally accepted methods introduced in the
methodical guideline on agrochemical analysis published
under the editorship of B.A. Yagodin (Yagodin, et al,
1989). The amount of grain and straw yield of winter wheat
has been determined during the harvesting period by means
of widely used yield calculation method (Rudenko, 1950).

Results and discussions

The research results have indicated that both in all soil
cultivation methods and in the fertilized options set up on
those methods, the dynamics of nutrients accumulation
in the winter wheat plants took place ununiformly during
the vegetation period and more amount of nutrients was
accumulated at the bush formation stage. So, if in case of
zero-tillage of soil the NPK content in the plants made 2.1,
0.92 and 2.61 %, respectively at the bushing stage, in case
of only loosening method - 2.2, 0.96 and 2.54, then during
the further stages of wheat growth and development, in case
of all soil tillage methods, the migration of nutrients into the
plants gradually declined (Table 1). As compared to bush
formation stage, in case of no-tillage method, the amounts
of nitrogen, phosphorus and potassium decreased in 2.56;
1.77 and 2.46 times, respectively at the ear formation stage,
in case of only loosening method - 2.53; 1.67; 2.25 times
and in case of traditional ploughing the decrease of those
nutrients made 2.41; 1.81 and 2.31, respectively. Similar
patterns have been observed in various research works
(Avagyan, et al., 1968; Mkrtchyan & Hayrapetyan, 2008;
Stepanyan, et al., 2011; Galstyan, 2018).

The data of Table 1 indicate that in case of all soil tillage
methods, both in the fertilized and unfertilized options at
the ear formation stage the plants demand for potassium
was more than that of for nitrogen and phosphorus.
Besides, at the mentioned stage the ratio of N, P,O;
KO in the unfertilized option makes 1, 0.6, 1.29 in case
of zero-tillage, while in case of only loosening method it
makes 1, 0.69, 1.37, and in traditional tillage it is 1, 0.63,
1.33, respectively.

At the stage of full maturation, in all soil tillage
methods, both in fertilized and unfertilized options some
redistribution of nutrients occurred in winter wheat plants.
Nitrogen (1.94-2.16%) and phosphorus (0.64-0.90%)
were accumulated in more amounts in the grains in case
of no-tillage method than potassium (0.4-0.49%), whereas
in straw potassium was in relatively more amounts than
nitrogen and phosphorus.

The same regularities in terms of nutrients redistribution
were also observed in the plant grains and straw of
fertilized and unfertilized options in case of only loosening
and traditional ploughing methods at the phase of full
maturation.

The accumulation of nitrogen, phosphorus and potassium
in the grain and straw of winter wheat took place at a
certain ratio. If in case of unfertilized no-tillage method,
this ratio was 1:0.28:0.2 in grain, 1:0.53:2 in straw, then
in the fertilized options of the same method in case of
mineral fertilizers the ratio of those nutrients in the grain
made 1:0.37:0.47, in straw 1:0.65:2.2, meanwhile in case
of bio-humus option the ratio in the grain was 1:0.42:0.2,
in straw 1:0.74:2.2.

Investigating the issue related to the effect of application
times of equal doses of mineral fertilizers and bio-humus
with bentonite against their background, as well as that
of different soil tillage methods on the nutrients removal/
output from the soil together with winter wheat yield (grain
and straw), it has been found out that the winter plants
have removed various amounts of macronutrients from per
hectare soil. The amount of nutrients output was related to
the soil cultivation method, crop yield amount, the type
of applied fertilizers and to the introduction method of
bentonite into the soil (Table 2).

Thus, if in case of no-tillage method 48.2 kg nitrogen,
16.2 kg phosphorus and 30.1 kg potassium was removed
from the soil via 19.2 c¢/ha grain and 36.2 c/ha straw yield
per the two-year data, in case of soil tillage through only
loosening method 22.4 c/ha grain and 40.0 c/ha straw yield
was received and the amount of nitrogen, phosphorus and
potassium removed therethrough made 57.2, 19.4 and 34.9
kg, respectively, then in case of traditional ploughing of
the soil 47.2 kg nitrogen, 16.4 kg phosphorus and 30.1 kg
potassium was removed through the received 19.4 c/ha
grain and 36.8 c/ha straw yield. It comes to the point that
per the calculation of the removed nutrients from the soil
by winter plants related to the soil tillage method, in case
of zero soil tillage, 2.51 kg nitrogen, 0.84 kg phosphorus
and 1.57 kg potassium was removed from the soil together
with 1 centner grain and equal straw yield. Whereas with
1 center grain and equal straw yield of winter plants
cultivated through traditional ploughing 2.43 kg nitrogen,
0.85 kg phosphorus and 1.55 kg potassium was removed
from the soil and the plants cultivated in conditions of
only loosening method removed 2.55 kg nitrogen, 0.87 kg
phosphorus and 1.56 kg potassium via the same amount of
grain and straw yield.
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Table 1. The impact of various soil tillage methods, timing of equal mineral fertilizer and biohumus with bentonite
applications on the dynamics of macronutrients accumulation in winter wheat plants*

Bushing Earing/Ear formation

No-tillage/zero- . Traditional . . Traditional
tillage Only loosening ploughing No-tillage Only loosening ploughing

N POs KO N P.Os KO N P.Os KO N P,Os KO N P,Os KO N P,0s KO

Options/
Variants

Control (without ;95 261 220 1.00 270 2.00 096 2.54 0.82 050 1.06 0.87 0.60 120 083 0.53 1.10

fertilization)
NsoPsoKoo 249 129 290 2.64 1.40 2.94 2.50 130 2.86 1.18 095 1.85 133 1.13 1.93 118 098 1.90
133150;2?:’“3 244 130 2.97 2.59 138 299 242 128 298 1.12 0.80 1.82 1.17 092 1.90 1.14 0.83 1.82
NsoPsoKeo +

bentonite 3 tha 2.52 1.35 3.19 2.75 1.46 3.31 255 134 3.09 129 0.90 2.00 1.38 1.10 2.18 1.30 0.87 1.98
(in Autumn)

Bio-humus

3.5 t/ha +
bentonite 3t/ha
(in Autumn)

NeoPsoK g0 +
bentonite 3 tha 2.46 1.22 295 2.63 130 3.00 2.40 1.20 2.99 120 092 1.84 135 1.08 1.93 1.19 094 1.83
(in Spring)

250 132 330 2.70 1.40 333 251 129 328 132 087 2.03 144 1.04 2.10 1.30 091 2.00

Bio-humus
3.5 t/ha +
. 245 130 294 261 1.38 3.12 248 1.29 296 1.15 092 1.85 1.30 1.02 198 1.16 0.90 1.88
bentonite 3 t/ha
(in Spring)
Full maturation
Grain Straw
Options Traditional Traditional

No-tillage Only loosening No/Zero-tillage Only loosening

ploughing ploughing

N POs KO0 N POs KO N POs K,O N POs K,O N POs K,O N P05 KO

Control (without | o/ 54 040 198 058 038 1.90 0.56 039 030 0.16 0.62 032 0.16 0.66 028 0.15 0.61

fertilization)
NsoPsoKoo 2.15 0.80 046 2.22 0.86 0.49 2.09 0.82 047 034 022 076 036 027 0.82 032 023 0.77
I;go;ﬁ‘::’“s 2.10 0.89 045 2.16 091 049 2.10 0.89 044 035 026 077 038 026 0.82 036 025 0.76
NsoPsoKso +

bentonite 3 t/ha  2.16 0.90 0.49 2.20 0.94 0.51 2.16 091 0.50 0.33 0.28 0.85 0.38 0.29 090 034 0.28 0.84
(in Autumn)

Bio-humus

3.5 t/ha +
bentonite 3t/ha
(in Autumn)

NeoPsoK s +
bentonite 3t/ha  2.12 0.81 0.45 2.19 0.88 0.48 2.07 0.83 0.46 0.31 025 0.75 0.37 027 0.80 0.31 024 0.76

(in Spring)
Bio-humus

3.5 t/ha +
bentonite 3 t/ha
(in Spring)

2.15 0.87 048 2.19 094 050 2.16 0.89 0.48 034 026 0.88 036 026 0.93 0.33 0.28 0.90

2.08 0.80 046 2.14 090 0.49 2.06 0.80 045 033 023 0.76 036 023 0.81 0.32 0.24 0.75

*Composed by the authors.

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University N 4 (84)/2023



Agronomy and Agroecology 344

Table 2. The effect of different soil tillage methods, application times of equal doses of mineral fertilizers and biohumus
with bentonite against their background on the nutrients output/removal via winter wheat crop yield (grain,
straw)*

Yield, c/ha Nutrients output, kg/ha
Total output, kg/ha
Options/variants Grain Straw

Grain Straw N P205 K;O N P205 K;O N P205 KzO

Soil tillage
methods

Control (without fertilization) 19.2 362 373 104 7.7 109 58 224 482 162 30.1

NPk 27.0 540 581 216 124 184 119 410 765 335 53.4
%
2 Bio-humus 3.5 t/ha 28.4 560 59.6 253 128 19.6 146 430 792 399 564
é .
Pl (Voo ook 0 + Dentonite 3 tha 382 748 825 344 187 247 209 636 1072 553 823
) (in Autumn)
u;: Bio-humus 3.5 t/ha +
£ bemtonite 3 Uha (in Auturmn) 418 80.0 899 364 201 272 208 704 117.1 572 905
NesPooKso + bentonite 3 tha 28.0 552 594 227 126 171 138 414 765 365 540
(in Spring)
Bio-humus 3.5 t/ha +
P iy AP 29.0 570 603 232 133 188 131 433 791 363 566
Control (without fertilization) 224 400 444 130 85 128 64 264 572 194 349
NoPaKs 31.0 500 688 267 152 212 142 484 900 409 63.6
= Bio-humus 3.5 tha 30.8 500 665 280 151 224 153 484 889 433 635
=
(0] .
g NaPoke+ bentonite 3 tha 488  89.0 1074 459 249 338 258 80.1 1412 717 106.0
.~ (in Autumn)
= Bio-humus 3.5 t/ha +
8
rohral by i S 520 960 1139 489 260 346 250 893 1489 739 1153
el il S BT 3] L) 364 708 797 320 175 262 191 566 1059 S11 741
(in Spring)
Bio-humus 3.5 t/ha +
sy M 36.8 710 788 331 180 256 163 575 1044 494 755
Control (without fertilization) 194 368 369 109 7.6 103 55 225 472 154 30.1
NyoPsuKs 28.0 558 585 230 132 179 128 430 764 358 562
2
= Bio-humus 3.5 tha 282 560 592 251 124 202 140 426 794 391 55.0
=
(=]
=0 NooPoks + bentonite 3 tha 436 810 942 397 218 27.5 227 680 1217 624 8938
S  (in Autumn)
o
£ Bio-humus 3.5 t/ha +
el
2 bentonite 3 tha in At 45.0 840 972 401 216 277 235 756 1249 636 972

NsoPsKso + bentonite 3 t/ha
(in Spring)

Bio-humus 3.5 t/ha +
bentonite 3 t/ha (in Spring)

32.1 60.0 665 261 148 186 144 456 851 405 604

31.9 61.0 657 255 144 195 146 458 852 40.1 60.2

*Composed by the authors.
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Analysing the behavour of winter wheat grown under
different soil tillage methods regarding the nutrients
absorption, as well as the yield amount of grain and
straw, it becomes clear that the plants have put out from
the soil almost equal amount of nitrogen, phosphorus
and potassium through 1 centner wheat and the same
amount of straw, nevertheless, related to soil cultivation
methods different amounts of grain and straw yield have
been developed. This circumstance is mainly related
to the fact, that soil tillage by means of only loosening
method, has created more favorable conditions in terms of
air and humidity regimes for the plants growth and yield
development ensuring 22.4 c/ha grain yield, whereas in
case of no-tillage and traditional ploughing methods the
grain yield has made 19.2 c¢/ha and 19.4 c/ha, respectively.

Meanwhile the data of Table 2 indicate, that the equal
amounts of mineral fertilizers and biohumus with
bentonite applied in different time periods against their
background throughout different soil tillage methods, have
considerably affected the development of winter wheat
grain and straw yield, as well as the amount of nutrients
removal/output via the crop yield.

Under the effect of equal doses of mineral fertilizers and
bio-humus and application times of bentonite (autumn and
spring) against their background the plants have removed
almost twice and thrice more nutrients via the yield in case
ofall soil tillage methods, than the grain and straw produced
in unfertilized options in case of appropriate soil tillage
method. The phenomenon of chemotaxis was probably
observed here, i.e. plants in nutrient-rich soil environment
absorbed available nutrients faster and in more amounts
than from a relatively poor environment (in unfertilized
options).The calculations have shown that the same doses
of fertilizers and bio-humus have equally affected both the
nutrients accumulation dynamics and their removal/output
through 1 ¢ wheat yield (grain, straw).

Conclusion

Summing up the results of the study on the effect of
different soil tillage methods, equal doses of mineral
fertilizers and bio-humus with bentonite applied at
different time periods against the latter’s background on
the dynamics of macrunutrients accumulation in winter
wheat plants and on their output rate via crop yield the
following conclusions have been drawn:

1.In the winter wheat plants of Bezostaya 1 variety,
irrespective of soil tillage methods and the doses and
application ways of soil improvers, the major part of

nutrients are accumulated during the first stages of plants
growth and development. The intensity of nutrients
accumulation slows down in further stages. From the
bushing stage up to the ear formation one the winter
plants demand is more for nitrogen and potassium than for
phosphorus, while from ear formation to the maturation
phase the need for potassium grows up.

2.The equal doses of mineral fertilizers and bio-humus
have uniformly affected the dynamics of nutrients
accumulation and their removal/output via yield.

3.The nutrients outcast from the soil and their output with
the crop yield is related to the soil tillage method, the
amount of grain and straw yield, the doses of fertilizers
and their application times.

4.Fo the development of 1 ¢ grain and equivalent straw
yield in conditions of zero soil tillage, only loosening and
traditional ploughing methods, the winter wheat plants
absorb NPK from the soil 2.51, 0.84 and 1.57 kg; 2.43,
0.85 and 1.55 kg, and 2.55, 0.87 and 1.56 kg, respectively.
i.e., the soil tillage method has no significant effect on the
nutrients removal/output rate.

5.The analysis of the data on the effect of different soil
tillage methods for the development of grain and straw
yield in unit amount under rainfed conditions, as well as
that of applied fertilizers and bentonite has been conducted.
In order to ensure high and sustainable yield of winter
wheat plants cultivated under the mentioned conditions,
it is necessary to cultivate the soil through only loosening
method (loosening the soil with the depth of 10-12 cm),
while when organizing fertilization activities the natural
mineral rock bentonite (3 t/ha) on the background of either
equal doses of mineral fertilizers (N PsKs) or bio-humus
(3.5 t/ha) should be introduced into the soil in autumn,
as a result of which the soil air, nutritional and humidity
regimes improve, favorable conditions are created for the
regular growth and development of the plants and per two-
year average data 48.8-52 c/ha grain and 89.0-96.0 c/ha
straw yield is ensured.
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ABSTRACT

The main goal of the research was to study greenhouse tomato hybrids under
hydroponic greenhouse conditions and to enhance the agro-economic properties
of tomato hybrids, offering farmers the hybrid that ensures high efficiency
of tomato cultivation under hydroponic greenhouse conditions. During the
vegetation period, phenological observations, biometric measurements, and
crop counting were performed. Producing and selling vegetables in the local
market is the primary activity of greenhouses and tomatoes occupy a significant
place in vegetable production. In recent years, various varieties and hybrids
have been imported into Armenia, most without testing. Tomato cultivation
in greenhouses occupies a leading place in Armenia. The greenhouse tomato
hybrids Merlis, Plumola, and Endeavor were researched.

Introduction

2. subsp. subspontaneum Brezn — is a semi-cultivated

The common tomato, Lycopersicon esculentum Mill.,
is the most widespread species belonging to the genus
Lycopersicon Tourn of the Solanaceae family (Edelshtein,
1962; Ananyan, et al., 1965; Zhukovsky, 1971;
Zhuchenko, 1973; Matveev, Rubtsov, 1985; Akhatov,
2010, Chernysheva and Kolpakov, 2022). All tomato
cultivars currently cultivated belong to Lycopersicon
esculentum Mill, the biological species, which in turn is
subdivided into three subspecies:

1. subsp. spontaneum Brezn — is a wild subspecies,
which is divided into two other species: currant-like (var.
pimpinellifolium) and raceme-like (var. racemigerum).

subspecies, which is divided into 5 other species: cherry-
like (var. cerasiforme), pear-like (var. pyriforme), plum-
like (var. pruniforme), elongated (var. elongatum), multi-
stemmed (var. succenturiatum).

3. subsp. cultum Brezn — is a cultural subspecies, which
is divided into the following varieties: common (var.
vulgare), erect (var. vulgare), and large-leaved (var.
grandifolium) (Zhuchenko, 1973; Akhatov, 2010).

Tomato subsp. cultum includes all cultivated varieties,
which are divided into three groups according to the shape
of the bush, the dynamics of the formation of leaves,
flower clusters, and branches (Melikyan, 2005).
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In greenhouses, when cultivated on vertical wires, the
stem length of some varieties can reach up to 10 m or
more. For example, in 2000 in Great Britain, vegetable
growers grew tomato plants with a stem length of 19.8
m in greenhouses (Rubtsov, 2003; Melikyan, 2005;
Akhatov, 2010). The high yield of tomato varieties and
hybrids is not the only thing that matters, but the amount
of biologically active substances contained in the fruits
are also important. The quality and taste of the fruits
are indicators of the fruits’ nutritional value (Dilanyan,
2003; Kondratyev and Kandoba, 2007; Helmut, 2000).
Tomatoes are rich in nutrients. Besides having high taste
properties, fruits contain substances essential to human
health. These substances include vitamins 4, B, C, and
PP, sugars, organic acids - citric acid, minerals - Ca, Na,
Mg, Fe, etc. (Ayrapetova, 2000; Zurabyan, et al., 2003;
Dilanyan, 2003; Kondrat’eva and Kondoba, 2007).

During 2018-2019, the Merlis hybrid was tested in a
greenhouse environment of the Venlo type in the Lipetsk
region of the Russian Federation (Bocharova, et al., 2020).
A comparison was made between Maxesa and Merlis
hybrids. Maxesa hybrid yield indicators were 68.3 kg
m2 and Merlis hybrid yield indicators were 66.9 kg m>.
The Endeavor (Pic. 3) hybrid was also tested on various
grafters in the Leningrad region of the Russian Federation
in 2017-2018 (Puts and Snezhkov, 2021).

Materials and methods

The studies were carried outin 2021-2023, in the hydroponic
greenhouse of Armenian National Agrarian University.
The experiment includes two production phases. The

object of the research was the tomato hybrids Merlis,
Plumola, and Endeavor, which have not been compared
under the given greenhouse conditions. Experiments
were set up with 3 versions, and 4 replications. Several
tomato hybrids were tested and the best were selected for
recommendation to greenhouse farmers.

Planting density is determined by solar radiation, and the
hybrid’s growth (Asatryan, 2021). Planting density was
3.2 plants/m>. During the growing season, the culture
was carried out in a hydroponic greenhouse conditions
according to the accepted culture protocol.

The following cultural activities were carried out: watering,
nutrition, fixing stems to wires, pruning, removing leaves,
lowering plants, pollination, and harvesting. Phenological
observations, biometric measurements, and crop counting
were conducted during the vegetation period. Following
accepted agro-rules, climatic and nutritional regimes, as
well as agro-technical measures, were provided for normal
plant growth and development (Asatryan, 2021).

Results and discussions

The vegetation period is one of the most essential biological
characteristics of the plants (Belik, 2000; Fatyanov, 2005;
Torikov and Sychev, 2022). During the studies conducted
in the vegetation period, phenological observations were
made visually, and the beginning of regrowth, emergence
of secondary and third stems, bud formation on the first and
second flower clusters, the beginning of flowering, fruit
formation, and fruit development stages were noted per the
maturation times of the individual variants (Table 1).

Table 1. Vegetation period of tomato hybrids*

The first inflorescence

The last inflorescence

T

) v = '8

T g i o0 w 5

23 « SS S o = o = 2

Tomato hybrids S 2 3 54 54 N E N E =

Y Ee f= 2L ¢ S #» 2 2 5 22 2 :E

€5 E= Ho 2 T £ = = E gL p= = =
ol £E8 5= 52 g £33 =28 = g £33 =28 = B2
Eg 8% 25 25 2E 9z EE : gE Bz EE : Pz
FE A A B2 A8 g € &= RAE R RE = »C8
Merlis 1502 21.02 01.03 11.03 16.03 21.03 26.03 10.05 21.08 26.08 02.09 08.09 203
Endeavor 15.02 23.02 08.03 15.03 20.03 23.03 31.03 17.05 26.08 30.08 04.09 10.09 207
Prumola 15.02 22.02 04.03 13.03 18.03 22.03 29.03 14.05 23.08 28.08 03.09 09.09 206

*Composed by the authors.
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Table 2. Weekly average growth of tomato hybrids*

Tomato Weekly average growth
hybrids (cm) Number of
leaves
Merlis 17 3
Endeavor 16 3
Prumola 13 3

Table 3. Characteristics of the tested tomato hybrids*

Fruit Average

Tomato . . Locule
. diameter fruit mass
hybrids number
(cm) (€]
Merlis 21.4 130.2 3
Endeavor 19.9 127.8 3
Prumola 18.2 88.4 3

*Composed by the authors.

The studies have indicated that different hybrids of tomato
plants have a slight difference in their growth and development
stages with 3-4 days of variation. However, there was no
significant difference between hybrids in terms of their
growth, development, and vegetation period. The vegetation
period was ranged from 203 to 207 days. In addition to
phenological observations, biometric measurements were
also conducted to study the morphological characteristics of
the tomato plants (Table 2).

Average weekly growth
Number of Number of Number of
inflorescences flowers fruits per cluster
1 7 5
1 6 4
1 5 3

According to the data, the Merlis hybrid recorded the
highest average weekly growth, 17 cm, whereas Plumola
hybrids had the lowest height, 13 cm. Hybrids had the
same number of leaves: 3 leaves appeared per week. The
number of flowers in the investigated tomato hybrids
varied from 5 to 7, the Merlis had the most.

Plant growth and quality indicators of yield should also be
monitored during cultivation. There are clear requirements
for export, which are internationally defined, according
to which the quality indicators of the crop must meet the
specified standards. According to the interstate standard
2018 on the requirements for the quality of tomatoes for
fresh consumption, the quality of the tomato crop obtained
as a result of the test was in compliance with the standard.

Merlis hybrids (Pic. 1) had the largest average fruit mass
and fruit diameter, 130.2 g and 21.4 g, and Plumola
(Pic. 2) was 88.4 g and 18.2 cm (Table 3).

Regarding fruit diameter and weight, Endeavor ranks
between Merlis and Plumola hybrids. “Standard Dialog”
LLC also conducted a chemical analysis of the harvested
material (Table 4).

Picture 1. Cross section of Merlis hybrid.

Picture 2. Transverse section of Plumola
hybrid.

Picture 3. Cross-section of Endeavor
hybrid.
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Table 4. Results of laboratory tests of fruits in experimented hybrids*

Index value

Unit of Conclusion
N Index According to according to the
measurement .
the normative Results results
documents
Lead Mg/kg <0.5 <0.001
Arsenic Mg/kg <0.2 <0.001
1. appropriate
Cadmium Mg/kg <0.03 <0.0001
Mercury Mg/kg <0.02 <0.0001
Lead Mg/kg <0.5 <0.001
Arsenic Mg/kg <0.2 <0.001
2. appropriate
Cadmium Mg/kg <0.03 <0.0001
Mercury Mg/kg <0.02 <0.0001
Lead Mg/kg <0.5 <0.001
Arsenic Mg/kg <0.2 <0.001
3. appropriate
Cadmium Mg/kg <0.03 <0.0001
Mercury Mg/kg <0.02 <0.0001
Nitrates Mg/kg <150 62.5
appropriate
4. Patulin Mg/kg <0.05 <0.0001
Dry matter content in the liquid phase % - 4.0
Nitrates Mg/kg <150 58.61
appropriate
S. Patulin Mg/kg <0.05 <0.0001
Dry matter content in the liquid phase % - 4.3
Nitrates Mg/kg <150 49.12
6. Patulin Mg/kg <0.05 <0.0001 appropriate
Dry matter content in the liquid phase % - 5.0
Table 5. The yield of tomato hybrids*
The difference Yield
Yield according to the 7.4
7.2
Hybrids mean (6.9) ;
Kg/plant Kg/m?  Kg/plant % :::
6.4
Merlis 73 233 0.4 5.8 62 .
Endeavor 6.9 2 0.0 0.0 .
Merlis Endeavor Prumola

Prumola 6.4 20.4 -0.5 -7.2
Figure. Yield of tomato hybrids, kg/plant (composed by the

*Composed by the authors. authors).
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Table data show that the obtained fruits are also
ecologically safe. It is important to harvest tomatoes on
time and sort the fruits as soon as possible after harvesting.
Fruits are stored in small boxes with their stalks facing up.
A high yield is the ultimate goal of developing any crop
variety or hybrid.

The yield indicator was also determined by recording the
yield per unit area (1 m?) (Table 5, Figure).

As aresult of our experiment, the Merlis hybrid has recorded
the highest yield: 23.3 kg/m? Endeavor had 22 kg/m?
and the Plumola hybrid had the lowest yield: 20.4 kg/m?.

Regarding the mathematical analysis of the yield data,
it is worth mentioning that the error of the experiment
is within the permissible limits, and differences in yield
of individual hybrids were compared with the average
index of the three versions, 6.9 kg/plant, according to
which there are no significant differences between them.
However, the index of the first version increases, whereas
the third version decreases.

It is also important to note that no crop diseases were
observed during the vegetation period; greenhouse
whitefly (Trialeurodes vaporariorum) and tomato moth
(Tuta Absoluta) were observed as pests, which were
controlled with appropriate plant protection products.

Conclusion

In contrast to the other tested varieties, the Merlis hybrid
had a shorter vegetation period of 203 days, 3-4 days
shorter than the other varieties. Another notable feature of
the Merlis hybrid was the number of fruits formed on one
bush, which amounted to 6, against those of other hybrids
with 1-3 fruits. Merlis hybrid showed the highest weekly
growth rate, 23.5 %.

Based on the yield data from the unit area (1 m?),
the Merlis hybrid has again obtained a yield of
23.3 kg/m?, surpassing the yield of the other tested hybrids
by 1.3-2.9 kg. According to the research findings, Merlis is
preferred over other hybrids for cultivation in hydroponic
conditions. Anyhow, hydroponic cultivation is also
effective with Endeavor and Plumola hybrids.
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ABSTRACT

Brucellosis, a bacterial disease caused by the genus Brucella, is a zoonotic
and occupational disease. A high risk of infection with Brucella is associated
with the workplace. Infection may occur by inhalation, conjunctival or skin
contamination, accidental injury with a syringe, or exposure in a slaughterhouse
or food processing facility. This study delves into Brucellosis, a zoonotic
bacterial disease caused by Brucella, focusing on occupational exposure
among slaughterhouse workers and food processors in Armenia. The research
assesses the knowledge, attitudes, and practices of 306 participants, including
18 slaughterhouse workers and 288 food processors (76 meat and 212 milk
employees). Despite universal awareness (100 %) of Brucellosis risk, the
study uncovers potential shortcomings in workplace practices, notably in the
use of personal protective equipment (PPE), as 43.9 % of respondents wash
their working clothes at home. The findings underscore the need for ongoing
education and remediation efforts to enhance safety measures and also emphasize
the imperative of addressing these issues within at-risk groups in Armenia.

Introduction

consumption of contaminated food and milk (Galinska and

Brucellosis is the most common bacterial zoonotic disease
worldwide, with global distribution and thousands of new
cases among people (Rubach, et al., 2013). Brucellosis
is transmitted to humans from infected animals (usually
livestock and dogs), either through direct inoculation or

Zagorski, 2013). Brucella is an intracellular, small Gram-
negative aerobic bacterium, that is readily killed by boiling
or pasteurization. Thus food-borne exposure is normally
limited to persons consuming unpasteurized milk and dairy
products (Corbel and Banai, 2005). However, brucellosis
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is also considered primarily an occupational hazard
affecting those working with infected animals or their
tissues farmers, livestock breeders, veterinarians, abattoir
workers, and other high-risk groups (Ning, et al., 2013).
These occupational risks include exposure and contact
with an entry of the bacteria through cuts and abrasions in
the skin. Brucellosis is also a hazard affecting laboratory
workers handling specimens containing Brucella species,
as the pathogen is readily aerosolized and has a low
infective dose (Yagupsky and Baron, 2005).

The incidence of brucellosis in humans is declining in
many countries due to systematic efforts to control the
disease in animals, particularly in developed nations
(Detailed Countries Disease Incidence, 2014), however,
brucellosis is widespread among agricultural animals in
Armenia; which represents a significant threat to public
health.

The emergence and spread of this disease are driven by
many factors, including expanded livestock breeding and
urbanization, increased animal migration, and inadequate
sanitary and hygiene arrangements in livestock breeding
and food processing (Chen, et al., 2014). According to
data from the Ministry of Health (MOH) of the Republic
of Armenia, the number of first-time human brucellosis
cases has increased annually since 2004 (personal
communications). The disease occurs as small outbreaks
(worldwide it is commonly known to be caused by the
consumption of raw milk) and isolated cases throughout
the country and is most prevalent in the provinces
(Dhanashekar, et al., 2012).

Brucellosis-related information is specific for high-risk
groups. In terms of economic importance, the eradication
of brucellosis in animals is vital. In addition to economic
damage, brucellosis causes infertility, production losses,
and mandatory slaughter of infected animals, and it also
increases health care costs, treatment costs, and strains on
the entire healthcare system (Dragon, 2004).

The presence of Brucella is routinely detected in large and
small ruminants in almost all Armenian provinces. The
current epidemiology of human brucellosis in Armenia
is attributed to an increase in the number of patients with
brucellosis with an unidentified source of infection. There
is a high proportion of young people of working age who
are among those affected by brucellosis. There is also an
increase in infected individuals who are not in the classically
known ‘high-risk’ occupational groups. Despite the high
level of primary registration of patients with brucellosis,
it can be assumed that the true situation with morbidity is

much more strained because it has been shown that rural
residents do not readily seek medical aid from medical and
preventive facilities. Testing asymptomatic individuals in
high-risk areas is the only reliable way to obtain accurate
human brucellosis statistics in endemic countries like
Armenia. Human brucellosis tests are not very sensitive
and do not detect chronic cases of the disease (De Santis,
etal., 2011).

Considering the current situation in Armenia, there is a
distinct need for a well-defined program for brucellosis
control and prevention among large and small ruminants
in Armenia. Some measures, particularly laboratory
testing and sanitary slaughtering, are already being
implemented. Successful prevention and control programs
for brucellosis are carried out by the close cooperation
between veterinary, medical, and sanitary services.

Clinical manifestations of brucellosis in humans differ
from those in animals. The incubation period for Brucella
species is highly variable, but it usually ranges from five to
sixty days. Symptoms can not generally be differentiated
by species though the specific manifestations of the
high (B. melitensis, B. abortus and B. suis) and low-
frequency pathogens (B. canis, B. pinnipedialis, B. ceti,
and B. inopinata) causing human brucellosis (Garcia and
Isenberg, 2007).

The symptomology between B. melitensis, B. abortus, and
B. suis is largely indistinguishable. Clinical presentations
are usually divided into acute, sub-acute (or undulant), and
chronic brucellosis (depending on the amount of time the
patient has had symptoms) for B. melitensis infections.
This is less useful for patients with B. abortus or B. suis
infections, as the chronic or recurring forms are uncommon
(Zhen, et al., 2013).

Brucellosis diagnosis is challenging because of disease
presentation variability. The situation becomes more
complicated in cases where, along with brucellosis,
there are other pathological processes, that affect the
manifestation of clinical signs (Garcia and Isenberg, 2007).

Understanding the level of knowledge, attitudes, and
practices of respondents, carefully designed awareness,
training, and capacity building programs can be designed
to achieve better outcomes. The current study aimed
to assess the extent of knowledge and understanding of
brucellosis in occupationally high-risk groups across the
entire country of Armenia to identify practices on the
job site that might pose a risk for humans contracting
brucellosis.
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Materials and Methods
Questionnaire development

The survey included three-parts knowledge, attitude,
and practice (KAP). All of the information was collected
using the questionnaire, which was designed by a group
of specialists and consists of the following sections:
demographic data, knowledge, attitude, and practice. The
questionnaire consisted of over 200 questions (parsed
based on occupation), related to the causative agents of
brucellosis, routes of transmission, source of infection,
clinical features, diagnostics, and treatment questions
related to attitude and practice regarding human brucellosis
and the diagnosis and treatment of disease from a clinical
point of view. The questionnaire employed a quantitative
and qualitative approach and contained closed-ended and
open-ended questions. This survey was coupled with a
public outreach campaign with training materials based
on the safe handling of animals suspected of carrying
brucellosis and included proper practices for handling
animal products suspected of disease.

Study area, design, and selection of participants

Between July and October 2021, a cross-sectional study
using an interview-based survey was conducted among
high-risk groups. Armenia is subdivided into eleven
administrative divisions. Of these, ten are Marzes. This
cross-sectional study was carried out in all Marzes across
Armenia and Yerevan; Figure 1 shows the map of Armenia
with each of the provinces identified (Aragatsotn, Ararat,
Armavir, Gegharkunik, Kotayk, Lori, Shirak, Syunik,
Tavush, Vayots Dzor, and Yerevan. The entire country
was selected because there is a high degree of variation in
both social and physical differences across Armenia.

The sample size calculation was based on the number of
food processing sites, slaughterhouses, and laboratories in
Armenia that may encounter Brucella species during their
routine work. We estimate that we were able to obtain
over 50 % coverage across the country, with at least one
respondent from each Marz for each high-risk group. We
note and acknowledge that while a random selection of
individuals from each high-risk area might be desirable,
it was necessary to work with the Ministry of Economy
in the selection to ensure both cooperation with private
corporations and ensure a broad range of responses. A total
of 306 professional staff were targeted for interviews. The
questionnaire comprised three parts. The first part included
questions about demographic characteristics, knowledge
about animal brucellosis clinical signs of brucellosis, and

potential herd management practices that could pose a risk
for brucellosis acquisition in animals. The second part of
the questionnaire focused on attitudes of working groups
and brucellosis, potential routes of transmission from
animals to people, and information on practices posing a
risk of brucellosis acquisition in humans. The third part
of the questionnaire focused on work practices that they
follow.
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Fig. Map of Armenia with each of the Marzes (https://hpnonline.
org).

The questionnaire was pretested to assess clarity and time
requirements and modified in line with feedback from the
pre-test. Questions were then translated into Armenian, a
questionnaire was created and collected data were entered
using Epi Info software (version 7.2).

Interview procedure

In each group, the worker received either an email or an
onsite interview which provided the objectives and the
participant information sheet in Armenian. Respondents
were told that participation in the study was voluntary
and that the identification of the respondent would not be
disclosed. At the end of the interview, they received the
correct answers and public outreach information regarding
the disease brucellosis and how they may be at risk in their
occupation.
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Ethics statement

The respondents have explained the study aims and
requested collaboration in the current study. Participants
were asked for their consent. All the participants were
informed about the aims of the study, methods, and the
individual information will not be disclosed, and voluntary
participation. The participant information questions were
explained before starting individual interviews. Written
consent with the participant’s signature was not possible.
Consent was recorded in the survey software. The current
study, participant information sheet, and the consent form/
method were approved by the Ministry of Economy of
Armenia.

Results and discussions

It is expected that the findings of this study will help
devise future disease control programs and One Health
interventions (Shumaila, et al, 2017).

A total of 306 respondents participated in this study.
Demographic  characteristics of the respondents:
Food producer respondents were 50/50 male/female.
Slaughterhouse workers were 100 % male. All respondents
had at least 5 years of work experience in their field, with
>45 % of food producers and >65 % of slaughterhouse
workers having >21 years of experience. A total of
58.9 % of respondents were between 31-50 years old, with
only 12 % under 30.

There was a 100 % awareness of animal and human
brucellosis among the participants, and over 95 % of
respondents correctly identified which animals can
contract the disease. Only 19.6 % of food processors
recognized the correct signs and symptoms of human
brucellosis. Furthermore, 28.3 % believed it was either a
respiratory disease or a skin disease. Interestingly, only
63.6 % of food processors, but 100 % of slaughterhouse
workers, recognized that a human can become infected
by handling/consuming raw milk or dairy products;
however, 6.5 % and 2.7 % believed that the disease
could be contracted by insects or raw fruits and vegetables,
respectively.  More than 91 % of respondents correctly
identified the need for sanitary food passports, as well as
the need for temperature-controlled transportation of food,;
100 % also stated that they comply with country-specific
safety regulations. 32.5 % of respondents believe they
are very likely to contract brucellosis in their profession;
however, over 91.3 % are required to use personal protective
measures in their profession, which include laboratory coats
(44.8 %), gloves (98.1 %), hard hats (65 %), masks/respirators
(23.9 %), boots (41.3 %), or a special uniform (76.1 %).

Nevertheless, 47.8 % of respondents were required to wash
their clothes at home, indicating that there is a significant
risk of bringing contaminated clothing back into the home
environment. This fact indicates a paradoxical situation
where a considerable number of respondents believe
that they are at risk of contracting brucellosis in their
profession, despite the majority reporting compliance
with personal protective measures and adherence to safety
regulations. The finding that almost half of respondents are
required to wash their work clothes at home raises concerns
about potential contamination in domestic settings. This
highlights the need for a more comprehensive approach to
occupational safety, including proper laundering facilities
and protocols.

Over 80 % of food processors were aware if they were
processing Brucella-infected foods because of veterinary
documents indicating results, with over 84 % slaughtered
in a slaughterhouse. 80 % of respondents work in facilities
with environmental monitoring programs. A total of
95.7 % of respondents have had a medical exam in the
last 6 months as mandated by their place of work. In
terms of opinions related to brucellosis in Armenia,
over 96.5 % of respondents had a strong belief that milk
and meat for processing should be under the control of
government regulation and products be accompanied by
veterinary records, 100 % of interviewees attached special
importance to special safety regulations during meat and
milk processing.

Since this is the first such study conducted in Armenia,
we tried to study the published data to understand the
relevance of the problem and our possible gaps and
limitations. Thus, some studies confirm that risk factors
for occupational groups were both animal exposure and
raw milk ingestion. In contrast to the results of our study,
there are published data showing that except for laboratory
workers, few veterinarians, and dairy workers none had
heard about brucellosis (Smita, et al, 2016). Several
published data regarding the KAP surveys on brucellosis
among different target groups in a lot of countries show
that gaps and problems are present, and KAP surveys are a
useful tool for the identification of those gaps. So, a KAP
survey conducted among smallholder dairy farmers in
Pakistan highlighted that the respondents with no formal
education and those who had not heard of the disease
displayed greater risky behavior. Poor understanding of
the disease, the presence of multiple risky practices on
the farm and at the household, and incorrect perception
support the need for an educational awareness program
to ensure the uptake of improved practices (Shumaila, et
al, 2017). Another survey realized among dairy farmers in
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Indonesia also justifies that the practice level of brucellosis
surveillance and control is moderate, and it is necessary
efforts to improve the situation (Kustiningsih, et al., 2023).

The study emphasizes the importance of continuous
monitoring and evaluation of occupational health practices.
The discrepancy between perceived risk and reported
adherence to safety measures underscores the need for
targeted interventions, such as improved education,
training, and infrastructure support. Additionally,
promoting collaboration between government regulatory
bodies and industry stakeholders can enhance safety
standards enforcement and contribute to a safer working
environment.

Conclusions

The KAP (Knowledge, Attitudes, and Practices)
survey and questionnaire conducted by the Food Safety
Inspection Body and Ministry of Economy marked a
significant milestone. This initiative successfully spanned
the entire nation, reaching out to slaughterhouse workers
and food processors, crucial populations at high risk
of contracting brucellosis — an endemic disease in the
country. The findings of the study underscored a critical
need for enhancing knowledge and understanding of
brucellosis among food processors and slaughterhouse
workers. The survey implies a dual recommendation. First,
recognizing the need for sustained efforts to bridge the
identified knowledge gaps, stakeholders should consider
developing additional training programs. Secondly, while
acknowledging the strides made in workplace safety by
commercial entities, focused attention on refining high-
risk practices is essential. This includes implementing
strategies to enhance the safety of activities like washing
uniforms at home. In conclusion, the comprehensive
insights gleaned from this survey provide a foundation
for targeted interventions to enhance awareness, improve
practices, and ultimately mitigate the impact of brucellosis
within the identified high-risk demographic in Armenia.
Providing this data to the responsible organizations of
the Public Health sector and collaborating with them will
be important and will improve the situation regarding
brucellosis in the country.
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ABSTRACT

The use of genetic methods seems to have briefly pushed back the use of
culture methods. Currently, a new technique developed based on the latter —
culturomics, enables the discovery and study of expanded bacterial diversity
using a large number of culture conditions and media. This study aims to
investigate the influence of heat shock on the qualitative and quantitative content
of cultivable gut bacteria of Lehmann Brown chickens from the “Arax” chicken
factory.The chickens (5 months old, weighing 1.4-1.7 kg) of the “Arax” poultry
factory in Armenia were transferred to a sterilized test room with the necessary
conditions. After four days of maintenance in a new environment (temperature
25°C), fecal samples were taken from the hens. After that, the hens were kept at
359C for a day, followed by another sampling conducted a day later. The current
investigations have emphasized that the bacterial number and diversity of hen
gut microbiota undergo changes under the influence of heat stress.

Introduction

of culturomics as a new technique allows to rediscover and

In the 19th century, the discovery of culture media stimulated
the cultivation of microbiology (Wainwright and Lederberg,
1992). Particularly, this method was the first one to allow the
assessment of microbiota structures of humans and animals
(Lagier, et al. 2015, 2018). However, the utilization of genetic
methods afterward inhibited the use of cultural media for a
while (Gramberg, etal., 2023). Nevertheless, the development

investigate the expanding diversity of bacteria mainly due
to the method of cultural media, (Abou Chacra, et al., 2024;
Wan, 2023; Phelps, et al., 2023; Bonnet, et al., 2019; Lagier,
et al., 2018) which is also widely implementing the capacities
of microscopy (Ahmad, et al., 2023; Lim, et al., 2019; Kim,
et al., 2023; Mulaw, et al., 2019; Hovnanyan, et al., 2015;
Ghosh, et al., 2023). This technique, indeed, is competent
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with metagenomics (Lian, et al., 2023; Huang, et al., 2023).
Illnesses (Pepoyan, et al., 2015a, b) and stressful conditions
(Ma, et al., 2023; Tan, et al., 2023) can influence the structure
of human and animal (Shevchenko, et al., 2023; Mirzabekyan,
et al., 2023; Tanelian, et al., 2023) gut microbiota. It was also
illustrated that, for example, there exists a correlation between
the qualities of Escherichia spp of physiologically robust and
ailing individuals’gut microbiota (Shahinyan, et al., 2003;
Stepanyan, et al., 2007). In parallel with this investigation,
for animals, a correlation was indicated between blood
protein and E. coli of their gut microbiota (Pepoyan, et al.,
2020).

The poultry industry has improved genetics, nutrition, and
management practices, resulting in fast-growing chickens;
which, however, may have a stressful outcome for the birds.
(Kpodo, et al., 2023; Campos, et al., 2023; Stefanetti, et al.,
2023). On the other hand, high environmental temperatures
are also able to alter poultry health and performance by
causing heat stress. Heat stress elicits physiological,
behavioral, and production changes in poultry (Wasti,
et al., 2020; Garriga, 2006). Reduction in feed intake in
heat-stress animals is an adaptive mechanism to minimize
metabolic heat production. A significant decrease in feed
intake, body weight gain, and feed efficiency has been
reported in many studies conducted on birds and other
animals (Nawaz, 2021). The birds’ gut microbiota is
changing, too (Brugaletta, et al., 2023). Considering the
latter, the investigation of cultivated bacteria extracted
from the gut microbiota of hens exposed to heat stress has
served as the aim of the current study.

Materials and methods

The chickens (30 Lehmann Brown hens, 5 months old,
weighing 1.4-1.7 kg) of the “Arax” poultry factory of
Armenia were transferred to a sterilized test room with
the necessary conditions, where they were numbered.
Chickens were fed with feed layer TOTAL POL 21
(Arndane Ltd, Armenia) made with a Dutch technique-
Nuscience (https://www.nuscience.eu).

After 4 days of adaptation to the new conditions, fecal
samples were taken of hens held at a temperature of 22-
25 °C. Afterward, the birds were exposed to 35-38 °C
heat stress. Then, these fecal samples were collected in
respective test tubes and were immediately transferred to a
microbiological laboratory for further analysis.

To investigate the effect of heat stress on the qualitative
content of gut bacteria, the dilution of the fecal material
has been organized according to Pepoyan and co-

authors (Pepoyan, et al., 2023; Balayan, et al., 2019).
For examining the bacterial contents ENDO (Thermo
Scientific Oxoid, USA) (24 hours (h); 37 °C), De Man,
Rogosa and Sharpe (MRS) (48 h; 37 °C) and Egg yolk
salt (EYS) (prepared on the base of Nutrient agar Himedia
(HiMedia Laboratories Pvt. Ltd, India) (48 h; 37 °C) agars
were used, and the dominant cultivable isolates (isolates
from the most diluted samples) were investigated.

The isolates grown on agars were identified and counted
according to Pepoyan and co-authors (Pepoyan, et al.,
2023) for Escherichia coli. During the preliminary bacterial
identification by morphology B-150 optical microscope
(B-150 OPTIKA, OPTIKA S.r.L, Italy) has been used, too.
The statistical analysis (t-test) was systemized through
Excel 2016 and were confirmed by the Mann—Whitney
test. The value p < 0.05 was judged as significant.

Results and discussions

Bacterial growth on ENDO, MRS, and EYS agars

The studies emphasized that exposure to heat shock
does not result in a quantitative disparity in the contents
of cultivatable commensal E. coli and lactobacilli. In
comparison, qualitative and quantitative differences were
observed in the bacterial populations growing on EYS
agar. Given the high concentration of sodium chloride
(approximately 7.5 %) in EYS agar, it facilitates the
growth of cocci and bacilli tolerant to sodium chloride in
this medium (Ayaz, et al., 2022). On the other hand, the
content of egg yolk (lecithin) in the EY'S medium indicates
the possible differentiation of bacteria with lecithinase
activity within that medium (https:/pr.vwr.com).
Lecithinase is a phospholipase which affects lecithin. The

presence of lecithinase in bacteria is important due to this
ferment’s potential role in the:

a. pathogenicity of bacteria (Ghannoum, et al., 2000)

b. identification of Clostridium perfringens, Staphylococcus

aureus,  Pseudomonas  aeruginosa or Listeria

monocytogenes
c. detection of coagulase-positive S. aureus

It can also be used for differentiating some varieties of
Bacillus.

According to the results, in control samples of EYS
agar, bacterial colonies were noticed with up to 10-6
— 10-7 dilutions (Photo 1). They were primarily cocci,
particularly ovoid diplococci (Figure 1A). Bacilli with
different morphologies were present (Figure 2), with some
of them also having lecithinase activity.
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Photo 1. 1000x magnification of bacteria extracted from hens’ microbiota (grown on EYS agar). After heat stress, Staphylococcus spp.
was detected in one of the chickens (not Staphylococcus aureus, there is no lecithinase activity (D)).

SN

Photo 2. A-Bacillus subtilis., magnification 1000x; B-Bacillus
cereus, magnification 2000x.

In only 1-2 control samples obtained from hens,
sporulating bacilli with lecithinase activity were identified.
Lecithinase activity is a sign of pathogenicity and is
relevant to Bacillus cereus and to Bacillus anthracis. It is
supposed that Bacillus cereus was indicated in chickens
(Photo 2 B). Scummed, yellowish colonies with mucoid
texture that lack lecithinase activity are supposedly other
sporulating bacilli, for instance, grass bacillus - Bacillus
subtilis (Photo 2 A).

Bacterial growth on ENDO, MRS, and EYS agars after
heat stress.

The number of bacteria growing on EYS agar decreased
until 10 - 10, and in certain instances, the bacterial count
from specific hens reached as low as 10-'. According to the
literature, in chickens, streptococci and enterobacteria are
the first ones to colonize gut microflora within the first few
hours of their lives, then completely spread there during
24 hours. On the third day, lactobacilli, streptococci,
enterococci, and coliforms are produced in different parts
of the gastrointestinal tract (Coloe, et al., 1984).

The studies demonstrated that the decrease in the number
of bacteria in birds exposed to heat stress is linked with

a predominance of enterococci, which is similar to the
results in the investigated literature (Giraffa, 2022). Among
enterococci, Enterococcus faecalis showcases quantitative
dominance (30-45 %).

Enterococci are gram-positive, non-sporulative, catalase-
negative (some strains demonstrate pseudo catalase
activity), oxidase-negative, and lactic acid bacteria.
Nearly all representatives of enterococci are non-motile
and facultative anaerobes. They hydrolyze esculin and
L-pyroglutamic acid b-naphthylamide, as well as are
able to grow in a medium containing 4 % bile acid, the
utilization of which serves as a means of differentiation.
When observed under the microscope, enterococci appear
as single cells or form pairs or chains. Their metabolism
is fermentative, and the primary outcome of glycolysis is
the production of L (+) lactic acid. Nowadays, out of 50
varieties identified, the most “popular” in dairy products
are Enterococcus faecalis and Enterococcus faecium.
These two strains are quite widespread and are typically
resistant to unfavorable external conditions. They grow
within a temperature range of 10-45 °C, in the presence
of 6.5% NaCl, and at a pH level of 9.6. They are even
able to survive at 60 °C after being exposed to heat for
30 minutes, categorizing them as non-sporulating, heat-
resistant bacteria. The strains are usually detected in raw
or heat-processed food, for instance, in raw or pasteurized
milk, cheese, and other dairy products.

Stress (not only limited to heat) brings up various metabolic
changes in the organism and affects the composition of
gut microbiota. Typically, enterococci exhibit the highest
titers, attributed to their exceptional adaptability (Mdnica
Garcia-Solache, 2019, Ocejo et al., 2024; Repoila et al.,
2022; Xu et al., 2024). Sporulative bacilli are also able to
grow in the medium of EY'S agar with a high concentration
of sodium chloride. Colonies and bacilli with different
morphologies have been discovered. Considering
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the widespread utilization of probiotics in combating
pathogens across humans (Pepoyan, et al., 2020, 2021;
Sajankila et al., 2023; Beghetti et al., 2021; Bodke, et al.,
2022; Balayan, et al., 2015; Latif, et al., 2023), animals
(Merenstein, et al., 2023; Saha, et al., 2023; Marouf, et al.,
2021; Mirzaei, et al., 2022; Pepoyan, et al., 2019), and even
plants (Pepoyan, et al., 2020; Du et al., 2021; Khushboo,
et al., 2023; de L Agiiero et al., 2020; Harutyunyan, et al.,
2022; Du, et al., 2021; Yun, et al., 2009), it is prudent to
study the influence of various probiotics on the qualitative
and quantitative composition of stress-resistant bacteria
to avoid potential infections of organisms exposed to
stress. Therefore, in hens’ gut microbiota, quantitative and
qualitative changes occur in response to heat stress, with
a particular emphasis on changes related to enterococci.

Conclusion

Current investigations have illustrated that, under heat
stress, the bacterial variety and number of gut microbiota
of hens undergo changes. Specifically, a decrease in the
number of enterococci has been observed under heat stress
conditions. Nevertheless, it is vital to acknowledge that
these investigations are preliminary and require further
genetic confirmation.
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ARTICLE INFO ABSTRACT

Keywords: Over the recent 20 years, for the first time, the disease of swine perfringens
swine, has been studied in the Aragatsotn region of RA and related epidemiological
Perfr ingens, . analysis has been conducted. To identify A, C, and D serological types of
Cl?Strlqmm perfringens, Cl. Perfringens and special diagnostic sera produced by the Kursk biofactory
epidemiology, . .o . .
intoxication were used. It has been found that the main serological infection type of swine
perfringens is C and sometimes A and D subtypes. In the pig breeding farms of
the mentioned region about 6887 heads of swine (aging from 3 days to 1 year
old) were registered. Per the research results, about 45 out of 72 communities
were recognized as insecure/vulnerable. As to the above-stated animal number,
it should be mentioned, that 1722 heads of swine fell down, whereas 5510 were
considered bacteria carriers. Thus, as a result of epidemiological analysis, the
morbidity (bacteria carrying rate), mortality, insecurity/vulnerability, and focality
coefficients (indicators) have made 0.80 (80 %), 0.25 (25 %), 0.63 (63 %), and
122 animals, respectively.
Introduction produce alpha-, beta, -iota-, epsilon-, kappa- exotoxins.

During evolution, each type was adapted to one or more
animal species. The above-mentioned types are similar
to each other in morphological, cultural and biochemical
properties, differing only in lethal poison. The Ilatter

Perfringens (anaerobic infectious enterotoxemia) disease
takes a special position in the infectious disease pathology
of farm, domestic and other animals, which has become
widespread in many swine-breeding countries (Nesterov,

2003).

The disease pathogen (Clostridium perfringens) belongs
to Bacillaceae family, genus Clostridium. According to
antigenic properties, serological types (A, B, C, D, E, F)

destroys erythrocytes, blood vessels, capillaries and tissues.
The serological types of the disease pathogen grow well in
anaerobic nutrient media of Kitt-Tarozzi, milk and blood
serum containing media causing intense gas formation and
turbidity of the broth. Bacteria are sporulated in external
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conditions, and encapsulated in environments rich in
carbohydrates and proteins. According to the researchers, the
capsula contains polysaccharides (D-glucose, D-galactose,
N-acetyl galactose) and inulin acid, which contribute to the
long-term preservation of bacteria in soil and cold water
(Dunaev, 1982; Efimov, 1982; Urguev, 1987; Sheng and
Cherniak, 1997; Bessarabov, et al., 2007; Francisco and
Uzal, 2009). Anaerobic infectious enterotoxemia disease
of pigs (Perfringens) according to Detri and Schennikov,
was first reported in Hungary (1927) and Russia (1946),
which affected newborn piglets in large numbers. Such pig
farms have suffered heavy economic losses. It is an endemic
disease, the causative agent of which are serological types
C, A, D of CI. Perfringens.

The disease is characterized by overfilling of the
stomach, necrosis of the intestinal mucosa, hemorrhagic
inflammation, gas accumulation, watery diarrhea (diarrhea)
and disruption of the normal functioning of the nervous
system. Attaching special attention to the development
mechanism of severe course of the Perfringens disease it
can be stated that it is endowed with high morbidity and
mortality. According to the authors, in the pig-breeding
farms of Hungary massive losses of piglets occurred due
to Perfringens, which is followed by annual outbreaks for
a long period (Altukhov and Dushenin, 1987; Urguev,
1987; Kudryashov, 1990; Satio, 1990; Czanderlova, et
al., 2006; Salimov, 2006; Kudryashov and Svyatkovskiy,
2007; Sargsyan, 2012; Sidorchuk and Masimov, 2024).
Complications of enteritis in newborn piglets can be
caused by opportunistic bacteria, viruses and endoparasites
belonging to the genera Escherichia coli and Salmonella.

Predisposing factors to the disease are low-viable piglets fed
with low-quality colostrum, collective housing conditions,
zoohygienic conditions, soil, feed, water contaminated
with clostridia, and feed rich in monoproteins (Figure 1).

According to the author, the meat product made from
the carcass of diseased and healthy but bacteria carrying

Figure 1. Bacteria carrying sow.

animals pose a certain risk to human health (food
poisoning) (Sakurai, 1995; Sargsyan, 2014).

Materials and methods

For the first time (2004-2023) the infection of swine
perfringens was investigated in the Aragatsotn region
and the related epidemiological analysis was conducted.
The study was conducted at laboratory of the Research
Center of Veterinary Medicine and Veterinary Sanitary
Examination, at the Armenian National Agrarian
University.

Considering the pluralism (diversity) of serological types
of Cl. Perfringens, a problem arose to study the antigenic
characteristcs and its role in pig breeding farms. Therefore,
in order to assess the epidemic situation, the well-
known methods of diagnosis were used: epidemiological
observation, clinical signs, patho-anatomical changes,
microbiological, serological and biological experiments
(Yefimova, 1982, Urguev, 1987, Raju and Sarker, 2007,
Sargsyan, 2012, Nesterov, 2011). In the pig breeding
farms of the mentioned region about 6887 heads of swine
(aging from 3-day to 1-year-old) was registered. Per the
research results, about 45 out of 72 communities was
recognized as insecure/vulnerable. As to the above stated
animal number, it should be mentioned, that 1722 heads
of swine fell down, whereas 5510 were considered as
bacteria carriers.

Spleen, kidneys, lymph nodes, liver, caeccum, small
intestine, and faeces of piglets older than 3 days served
as materials for laboratory studies.For microbiological
research the nutrient media of Kitt-Tarozzi liver broth,
iron sulfate, Wilson Blair Agar, as well as meat peptone
agar, meat peptone broth and sterilized milk were used
(Antonov, et al., 1986). To determine the lethal dose (LDs)
and serological types of the pathogen, 48 healthy rabbits
weighing 3.0-3.5 kg each, guinea pigs weighing 450-
500 grams, and white mice weighing 18-20 grams were
selected. Per the principle of similarity, the experimental
animals were divided into 4 groups.

Therefore, the 18-24 hour microbial culture was
centrifuged at 3500-5000 rpm for 15 minutes and the
supernatant was separated. Animals of each group were
injected intramuscularly, intra-abdominally from the
straining (exotoxin) of microbial culture with 1.5. 0.2,
0.15 ml dosages (Syurin, 1984; Fisher, et al., 2006). As
an antigen, the pathogen “Cl. perfringens” isolated from
pigs® excrement and the organs of fallen animals was used
(Figure 2).
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For the identification of serological types of CIL
perfringens A, C, D, polyvalent E. coli OKC, OKD, OKA
and Salmonella A, B, C, D, E, a specific diagnostic sera
produced by the Kursk biofactory were used according
to the neutralization reaction. The minimum lethal dose
was determined according to Reed and Muench method
(Syurin, et al., 1984).The epidemiological analysis oft
he studied region has been conducted per the morbidity
(bacteria carrying rate), mortality, insecurity/vulnerability
and focality indicators (Nikitin and Voskoboynik, 1999).

Figure 2. Microbial image of CI. Perfringens.

Results and discussions

To identify the infection intensity, recentness, extent of
its spread, number of affected animals, insecurity mode
and outbreak periodicity, an epidemiological survey of
the communities was carried out. Taking into account the
similarities between the clinical signs and pathoanatomical
changes of Perfringens and a number of other diseases,
particularly, Escherichia, Salmonellosis, as well as
food poisoning, differential diagnosis was made using
bacteriological and serological methods. As a result, the
activity of the poison secreted by the mentioned pathogens
was ruled out. Sick piglet showed a decrease in the body
temperature, depression, abdominal distension, body
tremors, bloody diarrhea and uncoordinated movements.

As a result of dissection of the carcasses of animals fallen
from Perfringens abdominal distension, blood stroke in
the cecal, small and duodenal intestines, in stomach, rennet
mucous membrane, hemorrhagic inflammations, as well as
changes in the tissues of the kidneys, liver and heart were
observed. In the sub-cells of individual parts of the body of
animals that have died from the above-mentioned disease,

jelly-like effusion and serohemorrhagic exudate was
detected, while the abdomen and thoracic cavities were
filled with blood fluid. As a matter of fact, the animals died
from asphyxiation (Figure 3).

Clostridia are activated as a result of disruption of the
motor/motility and juice production function of the
digestive tract, as a result, the antimicrobial properties
of the gastric juice are declined and the alkalinity (pH
9,10) of intestines increases. Under the created favorable
conditions, the toxin of bacteria is absorbed into the blood
and destroys erythrocytes, the endothelium of vessels
and capillaries, the parenchyma of the liver and kidneys
(Figure 4 and Figure 5).

Figure 3. Serohemorrhagic exudate in the tissue subcells of the
piglets.

Figure 4. Hemorrhagic inflammation in the piglet’s intestines.
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Figure 5. Catarrhal inflammation of the gastric mucosa of a
newborn piglet.

Figure 8. Hemolysis of erythrocytes.

Figure 6. Microbial growth of CI. Perfringens in Wilson-Blair
and milk medium.

Figure 7. The growth of CIL Perfringens in Kitt-Tarozzi
medium.

In the result of microbiological research, microbial
growth (with unpleasant smell, abundant gas formation,
turbidity of the medium, black colonies, milk coagulation)
peculiar to CI. Perfringens was observed in the seedings
implemented from the internal organs and feces of
healthy and fallen animals. The reason of black colonies
formation is probably the transformation of sodium sulfate
into iron sulfate (Figure 6 and Figure 7). The results of
epidemiological research have indicated that throughout
investigation period, in different settlements of the
Aragatsotn region the disease of swine Perfringens has
been recorded. We think that the main cause of the disease
outbreak is the neonatal (endo) infection.

It is noteworthy that the animal-based food product and
raw material infected with the toxins of CI Perfringens
can entail to mild food poisoning up to life-threatening
consequences. As a result of the biochemical activity
of the microbial poison, the erythrocytes of rabbits and
rams were destroyed within 2-3 minutes (Figure 8).
Serological types of microbial antigen were determined
using pathogens isolated from organs of fallen animals
and appropriate diagnostic immune sera. As a result of the
neutralization reaction, it was determined that the bacteria
carrying state of the animals and the cause of death are the
serological types C, A, D of CI. Perfringens, which made
58.8, 20.5, and 10.6 %, respectively.

As a result, the lethal dose of CL Perfiingens (LDs) in
case of infection of experimental animals made 95-100 %.

The epidemiological research and analysis was carried out
based on the relevant data considering the age, morbidity,
mortality and focality factors, as well as the index of
insecurity/vulnerability. The results of epidemiological
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research have testified that in different settlements of the
Aragatsotn region the disease of swine Perfringens was
recorded. In the above stated insecurity conditions, the
average indices of morbidity (bacteria carrying state),
mortality, insecurity and focality have made 0.80 (80 %),
0.25 (25 %), 0.63 (63 %), and 122 animals, respectively.

Summarizing the indicators of epidemiological research
analysis, it was found out that 45 (63 %) out of 72
communities was recognized as insecure/vulnerable.

Conclusion

1. The epidemic situation is multifactorial, and the level
of veterinary and sanitary conditions is of particular
importance.

2. Sick piglets and healthy bacteria carriers are considered
to be the source of the disease pathogen. In this regard, the
disease can occur as a result of infection penetrating from
the outside and as a result of bacterial contamination of the
sows’ udder and teats.

3. The serological C type of CL perfringens isolated from
swines is endowed with higher pathogenesity than 4 and
D types.

4. The carcass and meat product contaminated with the
toxins of CL Perfringens, are forbidden to use, since they
endanger human health.
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ABSTRACT

Keywords: Research works demonstrate a rising demand for high-quality wine in Armenia.
grape variety “Hastakot”, Our objective was to produce premium red and rosé wines using the relatively
rosé V‘fi”e’ unexplored grape variety “Hastakot”. Throughout the research, we utilized
red wine, Iuati various winemaking technologies to produce red and rosé wines of the grape
;lzr‘l}io:z;‘;;:anon’ variety “Hastakot”. Simultaneously, multiple physicochemical and sensory
’ attributes were investigated in the produced must and wine. The obtained results
highlight the ability to make unique wines from the grape variety “Hastakot”,

indicating a potential market impact and gaining consumer appreciation.
Introduction several techniques available for making rosé wines. The

Red wines are made of red grape varieties. The latter differ
from white wines not only in color, but also in flavor and
astringency. Red wine is richer in substances extracted
from the solid parts of grapes and useful microelements
(Gabrielyan, 2021).

The hallmark of red wine is its brilliant crimson hue,
devoid of any black or brown undertones. It should
possess a harmonious, full-bodied character, delicately
velvety texture, and exhibit a subtle balance of acidity and
astringency. The careful selection of grape varieties plays a
pivotal role in red wine production. Grapes should contain
an ample amount of coloring substances (Muradyan and
Aghajanyan, 2012).

Rosé wines are made from red grape varieties. There are

most prominent ones include:

“Gravity separation of grape must” (Saignée): The
production of top-quality rosé wines often relies on using
this technique. The principle of this method is based on the
natural separation of grape juice, typically around 40-50 %
of the total volume, during grape processing, solely due to
the force of gravity. This separated must is then fermented
following the technique used in white wine production.
This particular style of winemaking finds significant
popularity in France, especially in regions like Provence
and Burgundy.

Pressing: The core of the technique involves pressing
red grapes, post destemming and crushing, until the
must with the desired color and composition is obtained.
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Subsequently, the obtained must undergoes standard
procedures for white wine fermentation.

Moderate infusion: This is regarded as the most popular
technique globally; it involves pouring the destemmed
and crushed mass into a container for maceration. The
maceration continues until the winemaker determines
that the desired amount of phenolic substances has been
extracted. Following this process, the mass is pressed and
proceeds to fermentation.

Separation of liquid mass during fermentation: In this
scenario, the grapes undergo destemming and crushing
before being directed to the fermentation tank without
immediate pressing. As the fermentation progresses and
a satisfactory amount of phenolic compounds is extracted,
the winemaker decides to separate the liquid part of the
fermentation mass. This separated liquid continues to
ferment in a distinct container (Pascal Ribereau-Gayon
and Denis Dubourdieu 20006).

Materials and methods

In light of the outlined goal, we have defined the following
key objectives:

Examine “Hastakot” grape variety.

Assess the untapped winemaking potential of “Hastakot”
grape variety by producing both red and rosé wines of this
particular grape variety.

Scrutinize the physicochemical indicators throughout the
winemaking procedures.

Analyze the olfactory attributes of the resulting wines.

The subject of the research is “Hastakot” grape variety
and the red and rosé wines produced from it. The raw
material for making red and rosé¢ wines was “Hastakot”
grape variety, a local variety found in individual vines
or small groups within the old vineyards of the Meghri
region. Several clones of this variety have been discovered
and are currently under study. The upper part of a young
vine is light green with a subtle rosé tint, while the newly
sprouted leaves display a light green color with a faint red
hue, and they are slightly pubescent. The grape bunches
are medium-sized, cylindrical or cylindrical-conical, with
varying levels of density. The fruit is typically medium to
large, round, and black. The skin is of medium thickness
and firmness, and the fruit is juicy with a pleasant taste
(Melyan, et al., 2019).

The grapevine of “Hastakot,” cultivated in the national
grape collection vineyard, was utilized in the production

of red dry table wine. The grapes were harvested at the
point of technical ripeness to create dry red wines. The
harvested grapes were carefully transported in small boxes
to the winery to prevent damage. The grapes were then
destemmed and crushed using a horizontal roller crusher-
destemmer. Subsequently, a mono pump was utilized
to transfer the crushed mass to a tank, where yeast was
added to initiate fermentation. The fermentation process
continued for 7 days, followed by a 5-day maceration
period with the grape skins. Once the fermentation was
complete, the pulp was pressed. After pressing, the wine
was pumped to a tank where malolactic bacteria were
introduced to initiate malolactic fermentation. Finally, the
wine was poured into 25-liter glass containers.

The ros¢ wine was also made from “Hastakot” grape
variety using appropriate equipment and auxiliary
materials. The grapes were harvested during the period
of technical ripeness, transported from the vineyards to
the winery in small boxes, and were destemmed. Only
the gravity fraction was collected during the pressing
process. After pressing, the must was transferred to a
container. Bentonite was added to clarify the must. After
the must was clarified, it was racked. Three days after the
commencement of fermentation, aeration was applied to
the wine. Throughout the entire fermentation period, the
sugar content in the must was assessed daily, influencing
the pace of fermentation — whether to accelerate or
decelerate. Additionally, in case of rose wines, the wine
was transferred into 25-liter glass containers.

All the research carried out during the grape ripening
process, as well as investigations related to grapes and
wines were conducted in the educational laboratory of the
EVN Wine Academy.

Picture 1. Wine storage containers.
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All applied methods are endorsed by the International
Organization of Vine and Wine (OIV) and adhere to
international standards (OIV, 2016, ISO 5495:2005, ISO
4120:2021 (International Organization of Vine and Wine,
“Compendium of International Methods of Wine and
Must Analysis”, OIV-18 RUE D’AGUESSEAU-75008.-
PARIS, Muradyan, et al., 2017).

The results of the conducted research were compared
with the provisions of current legislation, including
GOST-32030-2013, GOST P 52523-2006, and GOST P
55242-2012. Additionally, they were assessed against
the regulatory document set forth by the “International
Organization of Vine and Wine” (OIV-MA-C1-01), which
specifies the maximum permissible limits.

Results and discussions

In the concluding month of the ripening process for
“Hastakot” grape variety, an examination was carried
out to assess the content and changing dynamics of the
specified physicochemical indicators. It is crucial to note
that sampling for each grape variety was conducted at
regular 7-day intervals.

The period for observing changes in indicators spans
three weeks, during which the sugar content increased
from 128 g/l to 211 g/l, total acidity decreased from
8.3 g/l to 7.5 g/l, and malic acid content dropped from
1.9 g/l to 1.5 g/l. Notably, there was an observed increase
in the concentration of nitrogen substances during this
timeframe.

These observations capture the content and dynamics of
changes in various physicochemical indicators in wines
produced from the extensively studied “Hastakot” grape
variety (Table 1, 2).

Anthocyanins are red pigments primarily found in the
grape skin, occasionally in the fruit itself, and they possess
a structure similar to flavonoids (Table 3). The color of
anthocyanins is notably influenced by pH levels; in general,
lower pH values result in a more stable compound, which
contributes to the red coloration. During the fermentation
process, phenolic substances emerge and undergo
continuous transformations (Jacobson, 2006).

Various flavor characteristics of wine made of “Hastakot”
grape variety were assessed and compared using a rating
method of sensory evaluation.

Table 1. The content of some physicochemical indicators
of the grape samples “Hastakot”*

INDICATORS
Sugar T.ot.al NH#, YAN, szllc
content, acidity, PH me/l me/l acid,
g/l g/l & g mg/l
128 8.3 2.75 100 119.7 1.9
158 7.7 2.95 118 278 1.8
211 7.5 3.1 139 315.2 1.5

Table 3. The content of total phenols and anthocyanins in
the examined wines.

Table 2. The content of some physicochemical indicators in the examined wines*

ool 120 YO gy
Unit of measurement  Vol. % g/l g/l g/l
Red wine 12.8 5.1 0.4 28.9
Rosé wine 12.6 5.6 0.3 29.3

*Composed by the authors.

Indicators
Samples .
Total phenols, Total anthocyanins,
mg/1 mg/1
Red wine 2940 608
Rosé wine 2586 128.,9
Brought Free Total
extract Sugar PH SO S0 Reductons
g/l g/l - mg/l mg/1 mg/1
28.9 0.1 3.1 45.9 133.6 1.39
28.9 0.1 3.0 47 109.5 1.40
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Picture 2. The aroma wheel of "Hastakot" ros¢ dry wine (composed
by the authors).

Color intensity

Grape Potential
Ty

s

Picture 3. The aroma wheel of “Hastakot” red dry wine (composed
by the authors).

The results are presented below. Fifteen specialists
participated in the tasting. Initially, tasting participants
identified a range of characteristics using the descriptive
method. These descriptors were subsequently categorized
into groups, with a specific emphasis on highlighting the
most prominent attributes. Following this, the intensity of
these characteristics was rated using a 1-to-10-point scale.
Upon summarizing the final results, aromatic wheels were
developed to represent the sensory indicators of the wines
(Wang, 2019).

According to the sensory indicators, the ros¢ wine made
of the grape variety “Hastakot” can be characterized.
The color of the rosé wine was rated as quite intense,
with noticeable fruit aromas-primarily red fruits and very
little tropical notes. No green aromas were detected. The
overall intensity of the general aromas was considered
above average, with the presence of observed red berries,
rated at a medium intensity. The sweetness of the wine was
evaluated as very low, while acidity was rated as medium.
The amount of tannins in the rosé¢ wine made from
“Hastakot” grape variety was estimated to be low, which is
highly favorable for the light rosé wine. The overall flavor
intensity of the wine received a high rating. Based on the
evaluations, it can be concluded that the rosé wine made of
“Hastakot” grape variety is harmonious.

The red wine derived from ‘“Hastakot” grape variety
exhibits a notably high color intensity. It features distinct
fruity aromas, with a prevailing presence of black fruit
notes and a substantial presence of red fruit aromas.
Notably, there are no discernible tropical fruit aromas,
and only a few herbal hints were detected in the wine. The
overall intensity of the wine’s aromas was rated as above

average. The sweetness of the wine was assessed as very
low, while its acidity was found to be quite high. The wine
exhibited a notable elevation in tannin levels, indicating an
astringency presence. The alcohol sensitivity is moderate,
and bitterness is low. The overall flavor intensity of this
red wine, made of “Hastakot” grape variety, was also rated
above average.

In summary, this wine is generally regarded as having a
medium harmony and above-average aromatic complexity.
Based on the final evaluation, this wine is categorized as
having medium potential. It is noteworthy, however, that
the winemaking potential of the “Hastakot” grape variety
itself was assessed as high.

Conclusion

“Hastakot” grape variety and the capabilities of making
rosé and red wines of it were investigated, resulting in
the determination that it is indeed feasible to produce
wines of this grape variety that adhere to international
standards. Notably, the overall quality of both rosé and
red wines received an above-average rating. Additionally,
the potential of these wines, assessed based on the
characteristics of sensory indicators, exceeded the average
standard. The assessment, rooted in the sensory indicators
of wine, highlighted an above-average potential for wines
derived from “Hastakot” grapes.

The research has revealed captivating perspectives on
the winemaking capabilities of “Hastakot™ grape variety.
Nonetheless, we firmly advocate for a pressing need for
more comprehensive and profound research in the future,
a commitment we have consistently undertaken.
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ARTICLE INFO ABSTRACT

Keywords: Protein plays a critical role in both the nutrition and biological functions of
milk, milk, which is an important part of a balanced diet. In this study, we installed
proteins, and implemented the fully automated Kjeldahl method, enabling the precise
ZZdahl r;;ethod, determination of the total protein content in cow milk. The investigation involved
FFQ—’reca ’ cow milk samples collected from Yerevan markets, representing 9 producers,
daily intake, over the years 2021 and 2022. The mean total protein content in the analyzed
nutrients milk samples was found to be 2.93 g per 100 g.To determine the significance and
contribution of milk protein in the adult population’s diet in Armenia, the daily
protein intake through milk consumption was evaluated. Two consumer clusters
were identified: one with moderate milk consumption (0.067 kg per day) and
another with higher intake (0.208 kg per day). The contribution of milk protein
to the overall protein intake in the diet of the adult population ranged from
2.62 % to 8.13 %. Despite varied levels of milk protein consumption, it is
essential to acknowledge that Armenian protein sources extend beyond milk.
Introduction nearly 930 million tons, reflecting a 0.6 percent growth

Milk, a remarkably intricate fluid, comprises a diverse  from 2021 (FAO, 2022). Milk stands out for its protein

array of constituents, with primary components including
water, lipids, sugars, and proteins. Additionally, it
contains trace levels of vitamins and minerals, among
other bioactive compounds (Goulding, et al., 2020).
Globally, over 6 billion individuals incorporate milk
and its derivatives into their diets, underscoring its high
importance in human nutrition (FAO, 2018). Projections
for 2022 indicate worldwide milk production reaching

content, housing a diverse array of more than 100 distinct
protein types, categorized into three nitrogen fractions:
abundant caseins, serum or whey proteins (comprising
lactalbumin, lactoglobulin, blood serum albumin, and
immunoglobulins), and the nonprotein nitrogen fraction,
which encompasses milk fat globule membrane proteins
alongside a wide spectrum of enzymes and hormones
(Dupont, 2011).
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Due to its high protein content, milk serves as a vital
source of essential amino acids in the human diet (Wolfe,
2015; Goulding, et al., 2020).

In Armenia, milk and dairy products have an important role
in the local diet. Over the past decade (2012-2022), milk
production has consistently ranged from 618.2 thousand
tonnes (the lowest in 2012) to 758.2 thousand tonnes (the
highest in 2017). In 2022, there was a decrease in milk
production compared to previous years, totaling 623.1
thousand tonnes. The nation exhibits a high degree of
self-sufficiency in milk production, ranging from 82 % to
93% (ArmStat, 2023). Considering the importance of milk
nutrients, particularly proteins, in the diet of the Armenian
adult population, a knowledge gap emerges regarding how
these nutrients contribute to the nutrition of the population.

International authorities have established Dietary
Reference (DRVs) and protein
recommendations for consumers. These guidelines
suggest an average requirement (AR) ranging from 0.66
to 0.8 grams per kilogram of body weight per day, as well
as a Population Reference Intake (PRI) of 0.83 grams per
kilogram of body weight per day, among other parameters
(WHO/FAO/UNU, 2007; EFSA NDA, 2012). Armenia,
as a member of the Eurasian Economic Union (EEAU),
aligns itself with the Customs Union Technical Regulation
for food product labeling (TR CU, 2011). This regulation
encompasses diverse stipulations for labeling food
products, including the specification of the average daily
requirement for essential nutrients, such as protein, which
has been established at 75 grams per day (TR CU, 2011).

Values intake

Numerous methods are available for assessing protein
content in food items, including spectrophotometric
techniques, the Duran method, the Lowry method, and
the Biuret method, among others (Jiang, 2014). One of
the most widely adopted methodologies is the Kjeldahl
method, initially designed for the brewing industry in
1883 and subsequently adapted, with modifications, for
application in various food industries, including dairy
production (Evers and Hughes, 2002; Goulding, et al.,
2020). Despite significant updates to the Kjeldahl method
and its equipment in recent years, the fundamental three-
step approach involving digestion, distillation, and
titration for determining protein content in dairy products
has remained unaltered (Dupont, 2011; Licon, 2022). This
method calculates total protein content based on nitrogen
levels in milk, employing a nitrogen-to-protein conversion
factor of 6.38 (FAO/WHO, 2019). It is noteworthy that the
Kjeldahl method does not differentiate between protein-
based nitrogen and non-protein nitrogen, encompassing
inorganic and organic nitrogen compounds, thereby

providing a total protein measurement based on the total
unspecified nitrogen content in milk (Evers and Hughes,
2002; Licon, 2022).

The primary objectives of this study encompass the
quantification of protein content in locally produced
and imported cow milk, the evaluation of cow milk
consumption rates within the adult population of Armenia,
and the estimation of daily protein intake derived from cow
milk among Armenia’s adult population. This research
seeks to provide valuable insights into the nutritional
dynamics of milk consumption in Armenia, shedding light
on the role of milk proteins in the dietary habits of the
adult population.

The work was supported by the Science Committee of RA,
in the frames of the research project 20TTCG-4A001 on
“Strengthening scientific and methodological capacity for
assessing food security and nutrients”.

Materials and methods
Milk sampling

The sampling of cow milk was done in 2021 and 2022
from the various markets in the city of Yerevan. The total
number of samples was 10 from 9 cow milk producers and
from 1 individual producer (Table 1).

Each milk sample consisted of 3 to 4 sub-samples of each
type of the product. To prepare a milk sample with an average
weight of 250 mL for laboratory analyses, sub-samples from
the same producer were mixed (GOST 26809.1-2014).

Table 1. The cow milk sample list by years*

s:s::li(r)lfg Sé‘:é)ele Product Producer

2021 MNI1 Prostokvasheno Danone Russia
MN2 Laktel Lactalis Ukraine SC
MN3 Biokat 3.2 % Biokat Ltd
MN4 Bonilat Bonilat Ltd
MNS Bandivan Bandivan Ltd

2022 MN6  Prostokvasheno Danone Russia
MN7 Chanakh Chanakh Co.Ltd
MNS8  Marianna 3.2 % Marianna Ltd
MNO9 Ani Tamara & ANI Ltd
MN10 Farm milk Individual producer

*Composed by the authors.
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All the milk samples were pasteurized (i.e. heat-treated).
Before the analyses, the samples were kept at 4 °C.

Protein analysis methodology

All analyses were carried out at the Center for Ecological-
Noosphere Studies (CENS) of the National Academy of
Sciences of Armenia. In this study, the fully automated
Kjeldahl method was installed and implemented, enabling
precise determination of total protein content in milk.
Within the 20TTCG-4A001 research project, a new fully
automated Kjeldhal Analyzer K1100F (Hanon Advanced
Technology Group Co., Ltd, China) with Graphite Digester
system (Hanon Advanced Technology Group Co., Ltd,
China) equipped with a waste gas collection hood, was
acquired. The analyses methodology was undergoing
some modernization. Sample pre-treatment was performed
following GOST, the Association of Official Agricultural
Chemists (AOAC) and VELP Scientific methodology
(GOST 34454-2018; AOAC 991.20; VELP Scientific,
2013), as well as the automatic Kjeldahl Analyzer product
manual. Milk samples, before analyses were brought to
room temperature and were stirred in the beaker using a
magnetic stirrer. After S mL of sample was added into 250
mL Kjeldahl digestion tube and in each tube were added
catalyst: 3.5 g of potassium sulfate and 0.1 g of copper
sulfate pentahydrate, 20 mL of concentrated sulphuric acid
(96-98 %) and 5 ml of hydrogen peroxide. The tubes were
gently shaked and loaded into the Graphite Digester under
the following parameters: 15 min 150 °C, 15 min 250 °C,
40 min 420 °C. The digested samples were cooled down
to 50-60 °C and put into the automatic Kjeldahl Analyzer.
Beforehand the system was prepared and loaded with the
necessary solvents: sodium hydroxide (32 % solvent),
boric acid (4 % with indicators: methylene blue and
bromocresol green), distilled water, and as titrant solution
sulfuric acid (0.1N). All chemicals used were of analytical
grade and were used as received without any further
purification and were obtained from Carlo Erba (Italy) and
Chem-Lab NV (Belgium).

The second part of analysis, which involved distillation and
titration, was conducted using the following parameters:
70 mL of sodium hydroxide, 50 mL of dilution water, and
30 mL of boric acid. For titration, the sulfuric acid solution
mentioned above was used.

The nitrogen-to-protein conversion factor for milk of 6.38
was used (FAO/WHO, 2019). The data for each sample
were automatically calculated by the Automatic Kjeldahl

Analyzer as a percentage of nitrogen and a percentage of
total proteins. Each sample was analyzed 3 times. The
blank sample and standard solution of ammonium sulfate
of 1.4 mg/mL nitrogen content for the quality assurance
and quality control (QA/QC) of analysis were used. The
mean of the obtained standard was 1.33 mg/mL (standard
deviation of + 0.104 mg/mL). Also, the calibration
coefficient K-mean value (equal to one) was used for the
calibration of the standard.

Milk consumption and protein intake assessment

The data on cow milk consumption among the Armenia’s
adult population from 18 to 80 years old and above was
obtained via 24-hour recall and FFQ (food frequency
questionnaire) methods (Pipoyan, et. al, 2023). The
data was collected in 2021 by well-trained interviewers,
using pre-designed forms of questionnaires. The total
number of interviewed residents was 1400 from all 10
marzes of Armenia: Ararat, Armavir, Kotayk, Aragatsotn,
Gegharkunik, Lori, Tavush, Shirak, Vayots Dzor, Syunik
and from the capital city Yerevan. The response rate of
milk consumers was 3.3 %.

The daily intake (D/) of total protein via the consumption
of cow milk by Armenia’s adult population was evaluated
and calculated using the following formula:

DI=IR xC, (1)

where /R- is the mean daily consumption (ingestion rate)
of cow milk among the adult population of Armenia
(g/day), C is the mean amount of protein in cow milk
samples (g/100 g) converted to 1g base.

The statistical one-way analysis of variance (ANOVA)
test was used to identify the variance and normality of
survey data. Statistical treatment of the survey data was
done using IBM SPSS software version 28 (SPSS Inc.,
Chicago, IL, USA).

Results and discussions

Total protein in cow milk

The data from Kjeldahl analyses is presented in Table 2.
The total protein and total nitrogen contents in cow milk
samples from 9 different producers over 2 years vary from
0.449 to 0.694 g/100 g, with a total mean of 0.555 g per
100 g of milk, and from 2.81 to 3.14 g/100g, with a mean
0f2.93 g in 100g of milk, respectively.
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Table 2. Mean of total protein and nitrogen contents in cow
milk from local markets of Yerevan (g/100 g)*

Total
Year of Nitrogen Tota}
. Samples SD**  Protein SD
sampling content
(mean)
(mean)
2021 MN1 0.694 0.005 3.14 0.024
MN2 0.678 0.010 3.07 0.044
MN3 0.661 0.004 2.99 0.019
MN4 0.620 0.013 2.81 0.059
MNS5 0.627 0.014 2.84 0.065
2022 MN6 0.459 0.003 2.93 0.02
MN7 0.452 0.002 2.88 0.02
MNS 0.453 0.012 2.89 0.07
MN9 0.456 0.015 291 0.10
MNI10 0.449 0.008 2.86 0.05
Total 0.555 0.109 2.93 0.105
mean

Notes: **SD-standard deviation

*Composed by the authors.

The lowest nitrogen and protein contents in the 2021
and 2022 samples were found in Bonilat (MN4) and
the individual milk producer’s (MN10) milk samples,
measuring 0.620 and 2.81 g/100 g, and 0.449 and
2.86 g/100 g, respectively. The highest levels of nitrogen
and protein were detected in the samples of Prostokvasheno
(MNI1 and MNG6), with values of 0.694 and 3.14 g/100 g,
and 0.459 and 2.93 g /100 g, respectively (Table 2). In
accordance with Technical Regulation 033/2013 of the
Customs Union, total protein in milk must be not less than
2.8 % in 100 g (TR CU, 2013). All the analyzed samples
met this requirement.

Recent studies have reported varying protein levels in cow
milk, ranging from 3.56 to 3.85 g/100 g (Parmar, et al.
2020; Yasmin, et al., 2020). These values are 1.21 and
1.31 times higher than the results obtained in this current
research. However, it’s important to note that protein
levels in cow milk can vary depending on factors such as
breed, individuality, stage of lactation, and the health and
nutritional status of the animal (Vincent, et al., 2016).

The mean total protein value of 2.92 grams per 100 g of
milk serves as an important reference point for assessing
the nutritional characteristics of the milk samples.
Furthermore, the standard deviation (SD), calculated to be
approximately 0.105 grams per 100g of milk, indicates the
degree of variability in protein content among the samples.
A higher SD signifies greater variability, suggesting that
some milk samples deviate notably from the mean protein

content, while a lower SD indicates more consistency in
protein content among the samples. These findings provide
essential insights into the protein content of the examined
milk samples, enabling a better understanding of the
variability and quality of milk products. This information
is invaluable for both consumers and producers in ensuring
consistent nutritional value in dairy products and making
informed dietary choices.

Milk consumption and protein intake

The average daily consumption of cow milk was 263 g per
day. Notable, no significant differences in consumption
rates were reported between males and females, as
determined by the analysis of variance (ANOVA). Besides,
the consumption rates showed no statistical significance
when comparing consumers and non-consumers of cow
milk among the adult population of Armenia. This was
addressed by the K-mean cluster test, revealing two groups
of consumers with varying weekly consumption rates
(Table 3).

In cluster 1, individuals consumed approximately 234.5 g
(0.2345 kg) of milk twice a week, resulting in a daily average
consumption of 0.067 kg/day. This cluster represents
a moderate milk consumption pattern. In cluster 2, the
consumption rate was notably higher, with individuals
consuming approximately 487.2 g (0.4872 kg) of milk
three times a week, leading to a daily average consumption
of 0.208 kg/day. Cluster 2 reflects a more frequent and
higher milk consumption pattern compared to cluster 1.

Table 3. Daily average milk consumption in clusters*

Daily Consumption Daily Average
Clusters Consumption, Frequency, Consumption,

kg/day per week kg/day
Cluster 1 0.2345 2 times 0.067
Cluster 2 0.4872 3 times 0.208

Table 4. Daily total protein via cow milk (g/day) intake in
clusters*

Daily average milk

Clusters . Daily total protein intake
consumption

Cluster 1 67 1.9631

Cluster 2 208 6.094

*Composed by the authors.
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These findings provide valuable insights into the diversity
of milk consumption habits among different clusters in
Armenia. Understanding such consumption patterns is
essential for dietary planning, nutritional recommendations,
and addressing specific dietary needs within distinct
population groups. The daily average consumption values
presented in the Table 3 can serve as reference points for
assessing milk intake and its contribution to the overall
diet in these clusters.

The calculation of daily total protein intake in the two
identified clusters, based on the mean protein content
of 2.92 grams per 100g of milk and daily average
consumption values, provides insights into the nutritional
aspects of milk consumption.

In the cluster 1, the average milk consumption is around
67 g/day per individual, resulting in a daily protein intake
of about 1.9631 grams from milk. This cluster exhibits a
moderate daily protein intake from milk consumption. In
contrast, cluster 2 stands out with a higher daily average
milk consumption of approximately 208 g/day, leading to
a daily protein intake of about 6.094 grams from milk. This
cluster demonstrates a notably higher daily protein intake
from milk consumption compared to cluster 1. These
findings highlight significant variations in daily protein
intake patterns within different clusters of milk consumers.

To understand the role of milk in meeting this nutritional
requirement, we calculated the percentage of protein
contribution from milk based on daily consumption
patterns in Armenia. Our analysis revealed that milk, as a
dietary source, contributes approximately 2.62 % - 8.13 %
of the daily protein intake.

Further studies and international comparisons can provide
valuable insights into regional dietary trends and the
extent to which milk and other dietary sources contribute
to meeting nutritional requirements.

The multidiscipline nature of our study allowed for an in-
depth exploration of the interrelationships between cow
milk protein content, consumption patterns, and daily
protein intake within the Armenian adult population.
Understanding these interdependencies is crucial for
gaining insights into the nutritional dynamics of milk
consumption.

Conclusion

The assessment of daily protein intake through milk
consumption in Armenia has provided valuable insights,
playing a pivotal role in tailoring dietary recommendations
to ensure dietary patterns align with regulatory standards

and the health needs of populations. While varying
levels of milk protein contribution to daily intake have
been observed, it is essential to acknowledge that a
comprehensive understanding of protein sources in the
Armenian diet extends beyond milk alone. Therefore, to
provide a more comprehensive and detailed insight into
dietary protein sources, future research should include
wider variety of food products. This will enable a more
thorough understanding of the contributions of various
foods to the overall diet and establish a strong basis for
science-based recommendations on nutrition and balanced
diets in Armenia. Furthermore, conducting additional
studies and international comparisons can provide valuable
context for optimizing dietary choices and enhancing
nutritional standards.
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A novel recipe and production technology for sugar confectionery, specifically
marmalade, has been developed through scientific and experimental research.
The findings affirm that pumpkin and sea buckthorn purees can effectively
substitute traditional plum and apple purees, eliminating the need for various
coloring agents. The suggested product represents a domestically-produced

marmalade, particularly in the food market, and this endeavor will play a crucial

role in advancing both marmalade production and the development of the raw

material base.

Introduction

The global trends in food processing emphasize the
utilization of alternative raw materials and the advancement
of innovative technological processes in the food industry
(Kalidas, 2020). Among health-friendly vegetable-based
products rich in biologically active substances, marmalade
stands out prominently (Emelike, 2019).

Within the European Union member states, marmalade
composition adheres to specific European standards.
The production process involves mixing ingredients and
steaming at 10 °C until achieving the designated “exact
content of dry matter” (Council directive 2001/113/EC
of 20 December 2001, Official Journal of the European
Communities).

The global confectionery market, valued at 199.8 billion
USD in 2020, displayed positive dynamics with an average
annual growth rate of 3.2 %. The sugar confectionery
market achieved a value of 53.5 billion US dollars in
2020. Projections suggest a substantial growth of 22.6 %
in the global sugar confectionery market by 2025, with an
anticipated market size of US$ 65.6 billion. Marmalade
products rank third in this segment, emerging as the most
popular confectionery items (Skobelskaya, 2021).

In recent years, the market has seen a scarcity of fruit
marmalade containing natural dietary fibers with
physiological value (Chhikara, et al., 2022). Jelly-type
marmalade lacks fibers due to the use of dyes, flavorings,
and acidifiers (Zubchenko, 1999; Tefikova, 2018).
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While jelly marmalades incorporate dyes, flavorings,
and acidifiers, fruit marmalades employ fruit purees
with gelling agents, enhancing their nutritional value
(Emelike, 2019).

Key components in fruit marmalade production include
fruit purees, sugar, molasses, citric acid, various pigments,
and gelatinizers like agar-agar, agaroid, pectin, and
occasionally gelatin or xanthan gum, the latter gaining
popularity in recent years (https://yandex.ruu/patents/).

Pumpkin fruits are deemed essential in dietary and
therapeutic regimens for conditions such as atherosclerosis,
heart, intestines, kidneys, liver, and gall bladder diseases
(https://calorizator.ru). Sea buckthorn fruits are rich in
vital microelements, including iron, manganese, and
magnesium, along with an array of vitamins and organic
acids crucial for bodily functions. Fruits are rich in a
variety of essential vitamins, including A, C, E, P, K, B1,
B2, B3, and B6. They also contain significant amounts of
ascorbic acid (ranging from 50 to 450 mg) and folic acid
(0.79 mg per 100 g of fruit). Additionally, fruits contain
various organic acids and sugars, constituting about 9 % of
the fruit’s composition (http://agroecoarm.com).

Recentyears have witnessed several attempts to incorporate
sea buckthorn fruit juice in marmalade production
(Magomedov, et al., 2017). Marmalades are traditionally
crafted from fruits and vegetables harvested at the technical
ripening stage, ensuring that pectin substances are in the
optimal state for effective jelly formation.

Materials and methods

The research concentrated on examining marmalade
samples prepared from commercially available pumpkin
and sea buckthorn puree. These samples were treated with
sodium lactate and further enriched with ascorbic acid.
Sodium lactate is selected because it is derived from the
processing of vegetable raw materials that naturally contain
sugars. Additionally, sodium lactate of natural origin is
found in the human body and is produced in the intestines

during the processing of lactic acid (https://pcgroup.ru).

Experimental samples were prepared using local
Berkanush, Big-Max, and Saporik pumpkin varieties, with
sea buckthorn puree serving as an additional source of
ascorbic acid.

The objectives of the study were as follows:

Develop a novel recipe, technology, and thermal
parameters for marmalade using local pumpkin and sea

buckthorn purees.

Eliminate the use of potassium sorbate (E202), replacing it
with a vegetable additive, sodium lactate, which functions
as a moisturizing agent, a natural preservative, and, to a
lesser extent, a gelling agent.

Exclude the use of various coloring agents.

To accomplish the final research goals, the following tasks
were outlined:

1. Investigate the chemical composition of local pumpkin
varieties, including the comparative analysis of pectin
substances present in them.

2. Substitute synthetic ascorbic acid with a natural food
product, specifically sea buckthorn puree.

3. Evaluate the qualitative characteristics of the final
samples, considering sensory and physicochemical
indicators.

4. Determine optimal raw material quantities, create a
new recipe, and develop the sequence of technological
processes for marmalade production.

Qualitative characteristics of the final product adhered
to research methods stipulated by sugar confectionery
standards. The technological process followed the
instructions outlined for sugar confectionery production.

The research was conducted at the “Plant Origin Products
and Raw Materials Processing Technology” division
of the Scientific Research Institute of Food Science
and Biotechnology at the Armenian National Agrarian
University.

Results and discussions

Theresearch team soughtto create an innovative marmalade
by leveraging locally abundant and cost-effective raw
materials. The primary focus was on preserving the heat-
resistant vitamins present in these materials throughout
the entire technological process. Pumpkin was chosen as
a primary raw material due to its rich content of vitamins,
minerals, assimilable membrane material, and other
valuable substances. Its abundant chemical composition is
complemented by its beneficial dietary properties.

An effort was made to procure marmalade samples by
utilizing both singular pumpkin purees and a combination
of sea buckthorn purees. Formulas were meticulously
selected to yield optimal sensory attributes. Recognizing
the potential functional value of marmalade from these
raw materials, the study considered ingredient proportions
and production technological modes.
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Table 1. Chemical composition of the local pumpkin varieties*

Names of indicators (%)

Vitamins (mg, %)

Varieties Total dry matter Soluble dry matter Pectinic matter Dietary fiber  Total carotenoids Vitamin C
Berkanush 7.7 6.8 0.6 1.2 4.5 6.7
Big-Max 4.7 431 0.8 1.5 22 5.6
Saporik 7.2 6.5 0.7 1.5 3.1 6.2

*Composed by the authors.

Experimental marmalade samples were prepared in two
variations: one exclusively from pumpkin puree and
another from a blend of pumpkin and sea buckthorn purees.

To obtain test samples of marmalade, the local Berkanush,
Big-Max, and Saporik pumpkin varieties were examined,
and their chemical composition is detailed in Table 1.

The study highlights that the Big-Max variety of pumpkin
contains the highest concentrations of pectin substances
and membrane material. Nevertheless, when conducting
sensory assessments of experimental marmalade samples
from each variety, the Berkanush variety emerged with the
most favorable taste characteristics, along with its richness
in carotenoids and vitamin C.

Sea buckthorn berries are identified as a concentrated
source of natural biologically active substances. These
berries encompass 10-19 % dry matter, with 7.3-11.3 %
being soluble. The sugar content in sea buckthorn berries
ranges from 2.5-3.6 %, including sucrose, glucose, and
fructose. Pectin content in these berries varies between
0.3-1.2 %. On average, 100g of sea buckthorn berries
provides up to 10 daily doses of vitamin C (approximately
1.05 mg), a substantial amount of vitamin E (7-18 mg), P
(up to 1 mg), as well as vitamin B1 (0.35 mg), B2 (0.3), B6
(0.79), PP, and K (0.8-1.5 mg) (Morozova, 2011, https://
health-diet.ru).

Marmalade was crafted using a base of mashed pumpkin.
The agar was pre-soaked in a specialized bath with cold
water to facilitate swelling. The extent of agar’s swelling is
contingent upon the specific type of agar used. Preliminary
calculations suggest an approximate agar-to-water ratio of
1:4. Pre-sifted sugar was added to a cooking pot, and water
was incorporated at a ratio of 1:4. Subsequently, agar,
molasses, and the remaining specified raw materials in the
recipe were introduced gradually. The mixture was cooked
until it achieved a moisture content of 27-30 %. Finally,
the cooked mass was strained with the assistance of gauze,
ensuring a refined texture. The syrup, upon reaching a

temperature between 71-73 °C, was cooled, and pumpkin
puree was seamlessly incorporated into the mixture.

To obtain the pumpkin puree, the pumpkin was meticulously
peeled, cut into pieces, steamed, and then skillfully
mashed to achieve a smooth consistency. Simultaneously,
a buckthorn puree was prepared. The relative proportions
of pumpkin and sea buckthorn purees were deliberately
selected, offering variations of 20:80, 50:50, and 80:20.
After careful consideration, the 50:50 ratio was chosen
from the samples prepared in three portions, as it exhibited
the most optimal qualitative indicators. Additionally, a
marmalade sample was prepared without the inclusion of
sea buckthorn puree.

Recognizing sea buckthorn’s high ascorbic acid content,
the inclusion of sea buckthorn puree was carefully
considered when formulating the invert sugar solution.
This involved calculating the necessary amount of citric
acid, taking into account that the total acids in the mixture
would amount to 1 %, and the pH would fall within the
range of 3.2 to 3.4.

The two purees were premixed to ensure a uniform
distribution of the mass. The mixture was brought to a boil
for approximately 5 minutes and then concentrated under
vacuum to achieve a dry matter content of 70-74 %. When
molding the final mass, the temperature was maintained at
69-70 °C. The moisture content of the mass during molding
was regulated to be between 28-30 %. The gelatinization
process lasted for a duration of 15-20 minutes.

To eliminate excess moisture from the marmalade and
induce the formation of a crystalline crust on the outer
layer, the marmalades underwent a drying process. In
laboratory conditions, drying was carried out using a
specialized convective dryer at temperatures ranging from
50 to 55 °C for a duration of 20 minutes. Subsequent to the
drying phase, the marmalades were cooled to temperatures
between 20 and 25 °C, achieving a moisture level of
18-21.5 %. They were then carefully removed from the
silicone molds.
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The technological scheme of the product preparation
unfolds as follows:

Peeling, grinding, mashing, steaming and pureeing of the pumpkin

Preparing buckthorn puree and blending pumpkin with buckthorn purees

Creating a syrup for agar-based mol and
and sea buckthorn purees

ing it with p

Preparing the marmalade mixture, incorporating sodium lactate and citric
acid during the cooking process (conducted under vacuum conditions for 5
minutes to achieve a dry matter content of 70-74 %).

Pouring into molds and initiating gelatinization at temperatures ranging
from 69 to 70°C for a duration of 15-20 minutes

Demolding, drying and cooling

Figure. Technological scheme of marmalade with pumpkin and
sea buckthorn puree (composed by the authors).

Given that the taste characteristics of pumpkin vary from
other fruits typically employed in marmalade production,
it was crucial to initially assess the sensory indicators of
the new variant. This evaluation is presented in Table 2.

The physicochemical indicators of marmalade play a
crucial role in determining its quality. The standards for
moisture, acidity, and reducing sugars are established by
regulatory guidelines. Failure to meet these standards can
have a considerable impact on the safety, shelf life, and
overall quality of the product.

The research results on physicochemical indicators yielded
the values, presented in Table 3.

Table 3. Physicochemical indicators of the control sample
and new types of marmalades™

Characteristics

Pumpkin A product created
Name of indicator Control P by combining

puree .

sample roduct pumpkin and sea

p buckthorn purees

Moisture content,
% (Maximum) 21.5 20.0 18.0
Soluble sugars
content, % 25.0 25.8 26.0
(Maximum)
Acidity, pH 8.1 8.4 52
Insoluble ash in
10% HCI solution,  0.05 0.05 0.05

% (Maximum)

*Composed by the authors.

Table 2. Sensory indicators of the control sample and new types of marmalades*

Name of

indicator Control sample

The product exhibits a more distinct
pumpkin flavor, free from extraneous
tastes and odors. It has a bright yellow

color with the presence of pumpkin

particles

Solid jelly-like

Characteristic of the product

Taste, smell . . .
’ ’ with this name, without

color additional flavors and odors
Composition Jelly-like
In the form of a mold used for
the given product. It maintains
Form o .
stability and shows no signs of
damage
Surface Smooth and shiny

Taste Score

20 points 191

*Composed by the authors.

Pumpkin puree product

In the form of a mold used for the given
product. It maintains stability and shows
no signs of damage

Smooth and non-expressive shine

Characteristic

A product created by combining
pumpkin and sea buckthorn purees

Blended with distinct pumpkin
and slightly acidic flavors, without
oft-flavors and odors. The color is

yellowish-carmine, with the presence
of pumpkin particles

Solid jelly-like

In the form of a mold used for the
given product. It maintains stability
and shows no signs of damage

Smooth and shiny

17./6 18.9
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From the analysis of physicochemical indicators, it is
evident that the two experimental samples of marmalade
not only met the standards, but also exhibited superior
physicochemical characteristics.

Based on laboratory research and calculations, the
production composition of the new product was formulated
for a one-year period according to finished products
(Table 4). Component calculations were performed
using established technological calculation methods
(Skobelskaya, 2021; Pavlova, 2002).

Dietary fiber content, %

Control Experimental

Diagram. The Dietary fiber content in the new marmalade
product (composed by the authors).

Table 4. Composition of marmalade made with pumpkin

and buckthorn puree*
Based on the yearly
Amount .. 1cylation of the final
of dry

Name of indicator product in kilograms

matter,
% By weight E);?tg

Sugar 99.85 580.2 579.1
Molasses 78.0 260.0 202.8
Agar 85.0 9.0 76.5
Pumpkin puree +
sea buckthorn puree 10.0 152.0 12.0
(50:50 ratio)
Citric acid 99.0 9.0 0.8
Sodium lactate 50.0 10.0 5.0
Total - 1020.2 876.2
Yield 82 1000.0 820.0

*Composed by the authors.

One of the objectives in developing new marmalade
products is to enhance dietary fiber content using alternative
raw materials. The human body typically requires 25-30 g of
dietary fibers per day (Chernikov, 2019). Pumpkin contains
1.5 % of dietary fiber in 100 g, while sea buckthorn can have
up to 10 % in the same quantity. The nutritional value of 100
g marmalade includes 6 % dietary fiber. Theoretically, it can
be inferred that the new product should have an increased
content of dietary fibers since they are not significantly
degraded during reheating. To experimentally determine
the dietary fiber content in marmalade, a corresponding
experiment was conducted, and the results are presented in
Diagram. As shown in Diagram, the dietary fiber content
in the control sample was 5.8 %, while in the samples
prepared with a mixture of pumpkin and sea buckthorn
puree, it reached 11.8 %. In other words, the food fiber
content in the new product has doubled, providing the
product with added functional significance. The data of
the research result related to microbiological indicators are
presented in Table 5.

Table 5. Microbiological indicators of the control sample and new types of marmalades*

Mesophilic aerobic and

Intestinal coliform

Characteristics

Pathogen, including

Names of indicators  facultative anaerobic  bacteria (coli forms) Salmonella, weight of RICICS MG,
. ; . . Lo (CFU/yg), (CFU/g),
microorganisms are not allowed in the food (g), in which it is 110 more 10 more
(CFU/g), no more food mass (g/cm?) not allowed: 25 g

Permissible levels 1x103 1.0 Not allowed 100 50
Control sample 1x103 1.0 Not detected Not detected  Not detected
A Prod}lct made with 1x103 Not detected Not detected Not detected  Not detected
pumpkin puree
A product made with a
blend of pumpkin and 1x10° Not detected Not detected Not detected  Not detected

sea buckthorn purees

*Composed by the authors.

AGRISCIENCE AND TECHNOLOGY Armenian National Agrarian University N 4(84)/2023



Food Science and Technology

388

After examination of microbiological indicators, it has
been established that the obtained samples comply with
the requirements set forth in the Technical Regulation of
the Customs Union on Food Safety (“TR TS”) 021/2011.

Conclusion

Based on the research findings, it is evident that local
varieties of pumpkin and sea buckthorn can serve as novel
raw materials in sugar confectionery.

Additionally:

A potential method and the optimal way to utilize pumpkin
and sea buckthorn have been established.

The content of dietary fiber in the finished product was
assessed.

The study demonstrated the feasibility of excluding
colorants and other additives in products crafted from the
selected raw materials.

The study revealed an increase in the nutritional fiber
content of the product manufactured using the developed
technology and portions.

The utilization of pumpkin and sea buckthorn purees in the
production of sugar confectionery, as cost-effective and
locally sourced ingredients, proves highly effective and
facilitates the expanded utilization of local raw materials.
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Brandy spirits, matured for three years and produced with various yeasts,
were examined to assess their quality. The study included evaluating sensory
indicators and conducting a qualitative and quantitative analysis of volatile
aromatic compounds. Results showed that brandy spirits fermented with
“Oenoferm Bouquet” yeast, displayed the highest concentrations of volatile

aromatic substances, with this variant receiving the most favorable tasting
evaluation among the sampled spirits.

Introduction

It is well-established that yeasts play a significant role in
brandy production. The use of different yeasts alters the
qualitative composition of brandy wine materials, the
revelation of this fact also became apparent during our
research. Taking into account the obtained results, we
delved into the study of brandy spirits from the scrutinized
brandy wine materials distilled and further aged for three
years in oak barrels (Petrosyan, et al., 1991).

Volatile aromatic substances play a crucial role in shaping
the sensory characteristics of aged brandy spirits, and
our study is dedicated to the qualitative and quantitative
exploration of these compounds. The latter transforms
into young brandy, drawing from both the brandy wine
materials and the distillation process they undergo.

The quality of the wine spirit from which brandy is
produced depends on many factors during the production
process; however, we can distinguish the following:
primary aroma substances which are generated from the
grape varieties; secondary aroma substances generated
during the vinification and fermentation process
following the aroma substances generated during the
distillation and maturation process (Milicevic, et al.,
2002). The main aroma compounds of grapes belong to
the chemical classes of terpenols, linalool, geraniol, and
nerol, norisoprenoids, [B-damascone, [-damascenone;
benzenoids, PB-phenylethanol, methyl salicylate, etc.
Volatiles originating from the fermentation process are
mainly constituted by alcohols, 2-methyl-1-propanol,
B-phenylethanol, isoamyl alcohols formed by the Ehrlich
pathway, and fruity esters, such as ethyl esters and acetates,
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ethyl hexanoate, octanoate, and decanoate, isoamyl
acetates (Flamini, 2009). Moreover, other volatiles such
as acetals, ethoxy derivatives, and other terpenols such as
a-terpineol, and terpinen-4-ol are formed by the hydrolytic
reactions which occur during distillation and that are
promoted by the high ethanol content and temperature
(Mayr, et al., 2021).

The olfactory characteristics of aged brandy spirit are
attributed to aromatic substances derived from natural oak
wood, emerging through their transformation and aging.
This includes middle esters, volatile acids, higher alcohols,
aldehydes, and more (Skurikhin, 2005).

Our investigation explored the sensory characteristics
of brandy spirits derived from diverse grape varieties
and yeasts. Additionally, we conducted a qualitative-
quantitative analysis of volatile aromatic substances using
gas chromatography. The studied brandy spirits underwent
a three-year aging process in Artsakh oak barrels (80 cm?
per liter), with a regular enrichment of oxygen during the
aging period (Kazumyan, et al., 2012).

Materials and methods

The research material comprised brandy spirits obtained
from distillation of the brandy wine materials made of
individual “Kangun” and “Meghrabuyr” grape varieties
and three-year aging in oak barrels. These spirits were
fermented using “FC” 9 yeast from the Danish company
“Lalvin” along with “Oenoferm C 2” and “Oenoferm
Bouquet” Saccharomyces cerevisiae strains. A control
sample consisted of brandy spirits distilled from wine
materials obtained through spontaneous fermentation from
the same grape varieties and subjected to a 3-year aging
process.

The assessment of taste is contingent upon the examination
of individual constituents, including ethyl spirit, sugar
colors, high molecular spirits, ethers, aldehydes, acids,
vanillin, lignin, furfurol, ethyl acetate, acetaldehyde, acetic
acid, and mineral substances. The collective interplay of
these components, termed harmony, holds considerable
sway in shaping the overall taste perception. Additionally,
the sustained taste experience lingering in the mouth
further contributes to the holistic evaluation of flavor
(Avanesyants, et al., 2010).

The research activities took place within the laboratory
and tasting hall of the Scientific Research Center at
Yerevan Ararat Brandy Wine Vodka Combine JSC. The
tasting committee, consisting of 11 individuals, undertook

the evaluation of brandy spirit quality utilizing both 8- and
10-point assessment systems, conforming to the standards
accepted in the Commonwealth of Independent States
(CIS) countries. Qualitative and quantitative analyses of
the volatile aromatic compounds in the researched samples
were executed using an “Agilent 7890” gas chromatograph
manufactured in the USA. This equipment features a quartz
capillary tower, incorporating two ionizing detectors —
flame ionization (FID) and mass spectral detectors —
operating in parallel. The analysis duration was set at 45
minutes. The equipment is specifically equipped with an
HP-FFAP capillary tower, boasting an inner diameter
of 0.25 mm and a length of 30 m. Dual detection was
achieved by connecting a flame ionization detector (FID)
and an “Agilent 5975C” mass spectrometer in parallel.

The gas chromatograph operates under the following
parameters:

Carrier gas: Helium of 99.999 % purity
Combustible gases: Hydrogen and air

Sample injection volume: 0.8 pl

Gas flow rate: 0.3 ml/min

Constant injector temperature: 290 °C

Gas flow split ratio: 1:50

Thermostat temperature range: 35°C to 230 °C
Flame ionization detector temperature: 250 °C

Analysis duration: 42.4 minutes

Calibration involved the construction of a scaling curve
using German standard solutions. Post-experimentation, a
thorough analysis of the obtained results is conducted.

Results and discussions

Figure, illustrates the averaged evaluations of sensory
indicators for brandy spirits made from “Kangun” and
“Meghrabuyr” grape varicties, aged over 3 years. A
discernment of the sensory indicators depicted in the chart
reveals that the highest score, 9.1 points, was attributed
to the brandy spirit fermented with “Oenoferm Bouquet”
yeast. This specific variant was derived from “Kangun”
grapes and underwent a 3-year aging process. In contrast,
the lowest score was assigned to the spontaneously
fermented brandy.

The same trend is evident in the case of the “Meghrabuyr”
variety, affirming that brandy spirits produced with
“Oenoferm Bouquet” yeasts achieved the highest sensory
assessment.
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Figure. Sensory Indicators of Brandy Spirits Depending on Yeast Strains and Grape Varieties (composed by the authors).

A parallel observation emerges when scrutinizing the
results of gas chromatographic analysis of volatile
aromatic substances (Table).

Gas chromatography identified 24 volatile aromatic
compounds in the analyzed samples.

The table reveals variations in the concentrations
of high specifically, 3-methylbutanol-1,
2-methylpropanol-1, and propanol-1, furthermore, the
overall quantity of these compounds is notably elevated
in brandy spirits derived from “Oenoferm C2” yeasts. Of
significance is the peak concentration of propanol-1 in the
“Oenoferm Bouquet” brandy spirits samples, contributing
a fruity nuance, 23.5 mg/100 ml EtOH in the case of
“Kangun” variety and 21.3 mg/100 ml EtOH in the case of
“Meghrabuyr” ones.

alcohols -

During the aging of brandy spirits, tannins assume a crucial
role in the generation of aldehydes, serving simultaneously
as antioxidants that deter oxidation. The regeneration of
aldehydes is further facilitated by semi-membranes, their
partial hydrolysis yielding various monomeric compounds
such as sugars (hexoses, pentoses, etc.). Within the
aging process of brandy spirits, specific transformations
involving pentoses, methyl pentoses, and hexoses lead to
the production of aldehydes belonging to the furan series
- namely, furfural, methylfurfural, and oxymethylfurfural.
These aldehydes significantly contribute to the development
of the taste and aroma profiles of brandy. Additional

sources of aldehydes encompass the intricate processes of
oxidation-reduction and melanoidin formation involving
amino acids (Sarishvili, et al., 1998).

Acetaldehyde emerges as the predominant aldehyde in
the examined samples, reaching its highest concentration
in spontaneously fermented brandy spirit samples at
8.23 mg/100 ml EtOH. Notably, in brandy wine spirits
distilled and aged from “Kangun” grapes, this content was
recorded at 7.9 mg/100 ml EtOH and for “Meghrabuyr”, at
7.9 mg/100 ml EtOH. “Oenoferm Bouquet” brandy spirits
exhibited elevated levels of furfural and methylfurfural.
Specifically, in the “Kangun” sample, concentrations were
1.9 mg/L for furfural and 0.2 mg/L for methylfurfural,
while for “Meghrabuyr”, the levels were 1.6 mg/L and
0.15 mg/L, respectively. Esters, essential components
of volatile aromatic substances, play an irreplaceable
role and are generated during processes such as ester
formation, melanoidin formation, decomposition, and
oxidation-reduction conversions. Acetic acid ethyl ester
dominates in all samples, renowned for its pungent aroma.
The highest concentration is observed in samples obtained
through spontaneous fermentation. Notably, other esters
- propionic acid methyl, hexanoic acid ethyl, octanoic
acid ethyl, dodecanoic acid ethyl, and tetradecanoic acid
ethyl esters - are abundant in “Oenoferm Bouquet” brandy
spirits, both in “Meghrabuyr” and “Kangun” samples
(Harutyunyan, et al., 2018).
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Table. Qualitative and Quantitative Composition of Volatile Aromatic Substances in Brandy Spirits from “Kangun” and

“Meghrabuyr” Grape Varieties*

N Volatile substances, Kangun Meghrabuyr

mg/100 ml of anhydrous spirit Sp. Bouquet FC9 C2 Sp. Bouquet FC9 C2
3 Butanol-2 0.08 0.03 0.062  0.017 0.09 0.09 0.054 0.05
4 Butanol-1 0.95 0.85 0.66 1.4 1.22 0.96 0.78 1.43
5 Propanol-1 19.8 23.5 21.0 20.3 20.9 21.3 17.8 15.9
6 2-methylpropanol-1 66.9 85.2 84.8 82.5 74.6 83.9 82.3 79.6
7 Isoamy] spirit 290.6 342.6 299.0 360.5 3023 359.6 326.6  368.6
8 Hexanol-1 3.56 3.52 3.63 3.95 4.55 3.56 4.52 4.89
9 Octanol-1 0.04 0.036 0.04 1.16 0.068 1.2 0.045 1.26
10 Phenyl ethanol-1 65.9 98.6 42.6 100.5 60.8 89.6 66.6 100.6
11 Acetic acid methyl ester 0.58 0.65 0.39 0.5 0.56 0.69 0.45 0.52
12 Acetic acid ethyl ester 44.5 45.7 40.5 45.2 40.9 459 41.9 42.3
13 Propionic acid methyl ester ND ND ND ND ND ND ND ND
14 3-methylbutanol-1 0.9 1.89 1.0 1.3 1.2 22 1.6 1.7
15 Hexanoic acid ethyl ester 0.18 0.19 0.16 0.16 0.25 0.38 0.37 0.345
16 Ethyl lactate 25.6 18.9 23.6 20.9 45.6 36.5 34.5 25.9
17 Ethyl ester of octanoic acid 0.6 0.49 0.33 0.35 0.36 0.69 0.98 0.99
18 Dodecanoic acid ethyl ester 0.48 0.68 0.64 0.42 0.36 0.56 0.46 0.23
19 Tetradecanoic acid ethyl ester 0.45 0.69 0.59 0.26 0.22 0.36 0.12 0.21
20 Acetaldehyde 8.23 7.65 6.36 6.8 7.88 6.9 5.25 5.40
21 1,1-diethoxyethane 1.3 ND ND ND ND ND ND ND
22 Furfural, mg/l 1.1 1.9 1.4 1.5 0.9 1.6 1.4 1.3
23 MethylFurfural, mg/1 0.11 0.2 0.1 0.1 0.09 0.15 0.08 0.08
24 Methanol, mg/1 0.56 0.69 0.8 0.78 0.9 0.89 0.78 0.9

*Composed by the authors.

Conclusion

Our study delved into the sensory indicators of brandy
spirits, distilled from wine materials sourced from
“Kangun” and “Meghrabuyr” grape varieties, and aged
for three years. The qualitative-quantitative composition
of wvolatile aromatic substances
examined through gas chromatography. The fermentation
options considered for the research involved “FC 9~
from the Danish “Lalvin” company, “Oenoferm C 2”
and Saccharomyces cerevisiac yeasts from the German
“Erbsloh” company. The data obtained reveals that the

was meticulously

brandy spirits fermented with “Oenoferm Bouquet” yeasts
exhibited the highest concentrations of volatile aromatic
substances, a finding consistently affirmed through sensory
evaluations during tasting sessions.
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(wnUywaql 60 pwn) L wugltptu (150-250 pwn), wugitptuh nGwenid® wlgtptl (Gauny (wnbdwqu 60 pwn):

9. 3wbpElU W nnwibpbUu hnndwélubnph yenuwagptpp, henhuwyUuep)h wgwiubpp W pwuwih pwrbpp UepYuwjwgdnid BU hwjbpBl, pniubpBl W wugGptu
\GgnLuGpny:

10. Gpwlwlntejwl gwuyp UepYwjwgynd £ wnrbdwau 10 wuntl, pwpwnndnid £ wyppEUwywl Ywpgny:

11. Ubgpbpqwd gpwywlntejwl wnpjntputph wrudwaql 30%-p wbwne £ hpwnwpwyywsd thuh epght tnwup tnwphubphu:

12. ElGyunpnuwihb hnndp npwtu winpjnup dbgptntihu gpuywtnieywl gwuynid Lpynd £ nhundwl wduwehyp:

3nnquélbphu UGpYuwjwgynn wbkuhjwywl wwhwlgubpu Bu. wugtptu W pnwbpbu hnnuélbph twnwwnbuwyp' Times New Roman, hwjbtpGu

hnnywéltphup® GHEA Grapalat, nwnwswihp' 12, Uhginnnwjhu inwpwénipniup® 1.5, yepuwaghpp' dedwinwntnny, gdwwwwnytputnp' Word, Excel Spwantpny,

wryntuwyutpp' nunnwhwjwg nhpeny (Portrait), pwliwéltpp® Microsoft Equation 3.0 dliwswithny:
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Yuwpqhl shwdwwyunnwufuwlnn hnnjwélbpp ¢6U punnilymd: Innyudlbpl nunuplyynid BU gpwfunudwl: Ubpdywéd hnnjwédlbipp s6U JEpwnwpdynid
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NOPAOOK MPUEMA CTATEWN

1. CTaTby NPUHMMAIOTCS HA apPMSIHCKOM, PYCCKOM U @HTTTMACKOM A3bIKaXx.

2. O6bEM cTaTby He AOMKeH npeBblwaTth 10 KOMNbIOTEPHbLIX CTPaHWL, (BKIOYasi aHHOTaLUmMu).

3. Yucno aBTOPOB He AOMKHO MPEeBbILLATL YETbIPEX.

4. B cBefeHusix 06 aBTopax AOMKHbI BbITb BKMIOYEHbI UMS (MMeHa), haMunust, OTHECTBO, Hay4Has cTeneHb, MecTo paboTbl, an.agpec.

5. CTtaTbsa NnpefcTaBnsieTcsi B ne4aTHOM 1 anekTpoHHoM (B doopmaTte WORD) BapuaHTax.

6. Crtatbsi pomkHa ObITb M3noOXeHa cregylolWwuM obpa3om: 3arnasve, 5 knioyeBbix croB, “Beegenune”, “Matepuan n metogbl’, “Pesynbrathbl
1 aHanua”, “3akntoveHune”, “flutepatypa”.

7. Bubnuorpaduyeckre cobinku ykasbiBaroTCA B TEKCTE (B CKOBKax NULLYTCA haMunnsi aBTopa v roa napaHus).

8. CraTby [OMKHbI METb aHHOTALWK: CTaTby, NpeACTaBeHHblE Ha apMSIHCKOM U PYyCCKOM si3blkax — Ha apMsiHCKOM (He MeHee 60 CroB), Ha pycckoMm (He
MeHee 60 cnoB) 1 Ha aHrnuickom (150-250 cnos). B cnyyae craTei, HaNnWCaHHbIX HA aHMWNCKOM, aHHOTaLMs AOIKHa ObITb HAa aHIUNCKOM si3bike (He
MeHee 60 crnos).

9. BarnaBus, AaHHble aBTopa (aBTOPOB) U KIIOYEBbIE CMOBa CTaTell Ha apMsSHCKOM W PYCCKOM $i3blkax MPeACTaBnsOTCA Ha apMsHCKOM, PycCKOM W
AHIMUIACKOM Si3bIKax.

10. Cnucok nuTepaTypbl AOMMKeH codepxaTb He MeHee 10 HaUMEeHOBaHUIN MCTOYHUKOB, YKka3aHHbIX B andaBUTHOM Nopsiake.

11. He meHee 30% LUTUPYEMBIX NINTEPATYPHBIX MCTOYHUKOB JOMKHbI ObITb ONYGNMKOBaHbI B TeYEHWE NOCNeAHUX AecATy NeT.

12. Tlpu ccbinke Ha UHTEPHET-pecypc Kak Ha MCTOYHUK MHdopMaLn B Gubnuorpaduyeckom cnmcke Heo6xoaMMO ykasaTb JaTy NpocMoTpa.

TexHnYeckue TpeGoBaHWUA K CTaTbAAM: AN CTaTel Ha aHrMUINCKOM U pycckoM sAsblkax — WpndT Times New Roman, ana apmsHckoro — GHEA Grapalat;

pasmep BykB — 12; MeCTpouHOe paccTosiHue — 1.5; 3aronosok — NponucHbIMU BykBamu; rpaduyeckrie nsobpaxeHnunsi — nporpammont Word, Excel; Tabnuupl

— BepTukanbHo (Portrait); dpopmynbl — B dhopmate Microsoft Equation 3.0;

CraTtbu, He oTBeyvaroLyme Tpe6oBaHNsIM, He 6y Ay T NPUHATLI. CTaTby nepenaroTcs Ha peueH3npoBaHue. CTaTbu, He MPUHSITLIE K NeYaTy, He BO3BpaLLaroTCsl
aBtopy. CTatbu He 6yAyT ony6rnKoBaHbl, €CJIM paHee 6bIn MOSIHOCTBIO MITN YacTUYHO OMNy6IMKOBaHbI B APYrX NepuoanYecknx n3gaHusx.

THE STANDARDS FOR SUBMITTING ARTICLES

The articles are accepted in Armenian, Russian and English languages.

The size of the article shouldn’t exceed 10 PC pages (including summaries).

The number of authors should not exceed four.

Full name, academic degree, workplace and e-mail of the author (s) should be included in the information about the authors.

The article is submitted in a hard copy and electronically (WORD format).

The article should have the following structure: title, 5 keywords, “Introduction”, “Materials and Methods”, “Results and Discussions”, “Conclusion”,

“References”.

References to the literature should be indicated in the text (the author and the date of publication in the parentheses).

8. The articles should have abstracts: in case of Armenian and Russian articles, abstracts in Armenian (minimum 60 words), Russian (minimum 60 words)
and English (150-250 words) languages should be submitted, while in case of English articles, abstracts in English (minimum 60 words) language should
be submitted.

9. The titles, information about the author(s) and keywords should be presented in Armenian, Russian and English languages.

10. The list of literature should be presented with at least 10 names, arranged in alphabetical order.

11. At least 30% of the literature sources being cited in the article, must have been published within the last ten years.

12. When citing internet links as a literature source the date of access should be mentioned.

Technical requirements for articles: font for English and Russian articles: Times New Roman, for Armenian articles: GHEA Grapalat, font size: 12,

interstitial spacing: 1.5, title: with capital letters, charts: with Word, Excel, tables: vertical (Portrait), formulas: in Microsoft Equation 3.0 format.
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Articles that do not meet the requirements are not accepted. Articles are sent for review. Refused articles are not returned to the authors.
The articles which are already published in other scientific journals (completely or partially) can’t be valid for publication in our journal.
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