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Spirulina platensis) for removal 
of Caesium ions form polluted waters. For this aim, tolerance of alga to Cs+

+ 

containing space between lamella in Spirulina cells, which can be a result of accumulation of Cs+ ions in alga cells. Thus, 100 ppm 
concentration of Cs+ 

+ ions from polluted 
water during 15 days. These results indicate that Spirulina is potentially useful for cleaning waters polluted with nonradioactive Cs+ 
ions as well as with 137Cs+ ions.

Keywords: Phytoremediation, Spirulina platensis, Water pollution, Heavy metals, Caesium ions, Radioactive and Stable Cesium.

  m.kurashvili@agruni.edu.ge

1. Introduction

chemicals especially by hazardous heavy metals and 

problem. Among them 137Cs is very dangerous. 
Nonradioactive Caesium ions that occur in nature 
and are released into environment through mining 

Presented work devotes to elaboration of 
method for cleaning water contaminated with Cs+ 

Spirulina 
platensis). Spirulina platensis
have prospects for phytoremediation of waters 

has unique chemical content and biological 

conditions.  Spirulina cells have rich content of 
proteins and peptides, and these compounds should 
be chelating ions of heavy metals. During the aging, 

the water surface. As a result, Spirulina biomass 

water body after remediation. These factors have 

phytoremediator agent. It is known the information 
about using of algae for cleaning the environment 
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and others. There is only limited data concerning 
using Spirulina as a phytoremediator agent in case 
of water pollution with Cs+ ions, but for this aim, 
Spirulina seems to have prospects, because there 
is a lot of information about heavy metals uptake 

5
In presented work, potential of Spirulina 

to uptake of Cs+ ions from water solutions has 
been evaluated. For this aim, tolerance of alga to 
Cs+

Spirulina cells, as well as on biomass formation 
and chlorophyll accumulation by Spirulina have 

phytoremediation technology for cleaning of water 
polluted with Caesium based on application of 

2. Materials and methods
2.1 Materials

The biomass of Spirulina platensis obtained 

– 8.7; content in g/L: NaHCO3 – 16.8, K2HPO4
0.5, NaNO3 – 2.5, K2SO4 – 1.0, NaCl – 1.0, MgSO4

. 
7H2O – 0.2, CaCl2

. 2H2O – 0.04, FeSO4
. 7H2O – 

0.01, EDTA – 0.08; and microelements kit A5 – 1 

C, and under 
following illumination conditions: a photoperiod of 

. m  . s . 

2.2 Methods
For measurement of fresh biomass productivity 

and chlorophyll formation by Spirulina, the 
following method was elaborated: the incubation 
medium was centrifuged at 1000 g during 20 min 
and obtained pellet was weighted. The obtained fresh 
biomass was treated by acetone and the content of 
chlorophyll was determined spectrophotometrically 

11   
The biomass of Spirulina in incubation medium 

have been measured spectrophotometrically at 750 
12  

The content of Cs+ ions in the samples was 
determined by the method of atomic absorption 

13  Conditions for 

HGA900 Graphite Furnace; wavelength – 852.1 

source – EDL; interfence – ionization controlled by 
addition of 0.1% KCl.  

+ ions on cell 

2.5% glutaraldehyde and then in 1% OsO4. After 
dehydration in ethanol of increasing concentrations, 
the samples were embedded in Epon–Araldite resin 

4

acetate, and analyzed by electron microscope Tesla 

2.3 Experimental design

concentrations of Cs+ on growing parameters of 

concentrations of Cs+

C, 
without air barbotage, a photoperiod of lighting 

. m  . s . After incubation 
the biomass productivity by Spirulina and chlorophyll 
content in cells by above mentioned methods were 

out in same samples. 

in following conditions: Spirulina was preliminary 

7 days 20 L of Cs+ containing solution was added. 
The volume of incubation medium in the beggining 
of incubation of Spirulina with Cs+ was 40 L. At that 
moment, the biomass of Spirulina was 3.5 g/L and 
Cs+ concentration was 100 ppm. The incubation was 

25 C, under following illumination conditions: a 
. m  . s .  

+ solution 20 L 
of water was added.  The content of Cs+   ions and 
biomass of Spirulina were determined after 5, 10 and 
15 days from addition of heavy metal ions.  

Annals of Agrarian Science 17 (2019) 153 – 157M. Kurashvili et al.
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3. Results and Discussion
+ on Spirulina cells

chlorophyll accumulation by Spirulina has been 

According to the obtained results, low 

+ 

and the content of chlorophyll decreased by 20%. 

According to the obtained results, Spirulina revealed 
+ ions. 

3.2. Study of penetration and localization of 
Cs+ in Spirulina 

+ ions 

concentration of Cs+ 

lamella in Spirulina cells, which can be a result of 
accumulation of heavy metal ions. Thus, 100 ppm 
concentration of Cs+ ions has been chosen for the 

3.3. The results of model experiment 

approach of phytoremediation technology for 
cleaning water polluted by Cs+ ions have been 
carried out. For this aim, Spirulina cultivated in 

+ ions. 
The obtained data are given in Fig. 3.

As it seen from Fig. 3, Spirulina has capability 
to assimilate up to 90% of heavy metal ions from 
polluted water during 15 days. At the same time 
biomass of alga decreases by 25%. These results 
indicate that Spirulina is potentially usable for 
cleaning of waters polluted with nonradioactive Cs+ 
ions as well as with 137Cs+ ions. 

Fig. 1. 

in part 2.3.

Fig. 2. 
+ +
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Fig. 3. The results of model experiment for cleaning Cs+ containing water by 
using Spirulina. The conditions of experiment are described in part 2.3.  
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5. Conclusions

Thus, the work carried out has shown that 

Cs+

137Cs+) 
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which, in addition to hydrological parameters, takes hydraulic, morphological and ichthyologic parameters into account as well. The 

River in the town of Sklené Teplice.

Keywords:

Introduction

to model the ecological water quality based on the 

developed in the United States by the U.S. Fish 

environment by quantifying the aquatic environment 

which is used to analyse the relationship between 

This method can also be used to predict the impact 

of climate change on the quality of the aquatic 

The quality of the aquatic habitats of mountain 

In the case of morphological changes, the biotic 

Annals of Agrarian Science 17 (2019) 158 – 166
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food pyramid of aquatic biota. Because of their 
longevity, their mobility and their sensitivity to 

In the IFIM methodology, the basic parameters 

biotic. A more detailed analysis between abiotic and 

of the aquatic area is represented by the suitability 

of the relation of the suitability curves to the 

mainly the morphology of the river bed, which is 

For this purpose, the Riverine HABitat Simulation 

results representing the quality of the aquatic 
habitat. Habitat quality is determined by depth 
and velocity parameters, which are derived from 
suitability curves that represent habitat preference 

The following procedure was chosen for the 
determination of the quality of the aquatic habitat 

Rivers in Hron River basin: 
· measurement of topographic parameters of 

the reference sections,
· 
· 

the bottom material,
· ichthyological research,
· evaluation of the results in the IFIM model.

The results of the measurements were then 
evaluated for the selected reference sections of the 
Teplá River in the town of Sklené Teplice using 
the RHABSIM model and then compared with the 
model developed by the authors of this paper.

Topographic measurement of the reference 
sections 

The topography of the reference sections was 

which permitted the repeating of measurements in 

leveling, which has a higher precision for hydraulic 
modeling.

The discharge was measured in a representative 

ranged from 1 to 2 meters. The measurement was 
made in within the ichthyological survey and then 

hydraulic model.

material

The grain size was analyzed using a sieve directly 

The weight of the samples ranged from 120 kg to 
240 kg.

Ichthyological survey

The reference sections of the rivers were blocked 

Fish were caught using an electric aggregate and put 

Three catches were made in each of the blocked 
sections, whereby the second and third catches were 
made 45 minutes after the previous ones. After each 

values, combined with the mean weight of the 
respective species, were applied to the calculation 
of the biomass of the individual species and total 
ichthyomass. At the same time, the mean weight of 
each species was calculated, and this weight was 

length groups.

of the respective species. The abundance is given 

given in kg.ha .

Results and discussion

Annals of Agrarian Science 17 (2019) 158 – 166
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would implicitly include ecologically relevant 
information. The width, depth, water level area, 

of the ichthyic fauna as indicators of the quality 
of the biological environment in a river may be 
considered as the basic parameters of a river.

An analysis of the morphometric, hydraulic and 
ichthyological parameters has been made for all 
selected reference sections in the Hron River basin. 
This paper contains the basic results obtained from 
the reference sections of the Teplá River in the town 
of Sklené Teplice.

Catchment area = 172 km2

km. Water gauge altitude = 287.00 m above sea 
level, Q   = 72 m3.s , Qmin  = 
0.17 m3.s .

Water quality in the Teplá River in the town 
of Sklené Teplice 

Characterization of the riverbed of the 
reference sections of the Teplá River 

     Three reference sections were chosen on 
the Teplá River in the town of Sklené Teplice, and 
these sections follow one another; therefore, they 
may be documented in one longitudinal section. 
The numbering of the sections is identical with the 
designation of the cross sections; hence, the sections 

Section No. 1 is in the town of Sklené Teplice. 

The topography of the riverbed bottom in all three 
sections is partially documented by the longitudinal 

and shrubs cover the banks. This section represents 

the banks. The longitudinal slope of the water 

represents the fording area with small depths 

M-days 30 90 180 270 330 335 364
Discharge [m3.s-1] 5.65 2.73 1.52 1.05 0.68 0.53 0.32

0.1 0.2
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Table.1.
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Basic abundance and ichthyomass data are 

Fish name Scientific name Fish name Scientific name
Barbel Barbus barbus Minnow Phoxinus phoxinus
Brown trout Salmo labrax m.fario Perch Perca fluviatilis
Chub Leuciscus cephalus Picke Exox lucius
Eel Anguilla anguilla Roach Rutilus rutilus
Grayling Thymallus thymallus Spirling Alburnoides bipunctatus
Gudgeon Gobio gobio Stoneloach Barbatula barbatula

Fig. 2. 

Fig. 3. 

Table 2.

the reference sections of the Teplá River is given in 
Table 2.

Hydraulic and topographic parameters of 
the reference sections in the Teplá River in 
the town of Sklené Teplice

The hydraulic model of all reference sections 

The purpose of the model was to complement 

discharges.

the Teplá River in the town of Sklené Teplice was 
measured twice: 20th July 2017, at a discharge of 1.85 

m3.s  and on 7th  September 2017, at a discharge of 
0.5 m3.s . Two discharges were modeled: 0.32 m3.s
1 

365 = 0.32 m3.s min 
= 0.17 m3.s

sections 1 to 3 at a discharge of 0.5 m3.s  are shown 
in Figure 4.

river may be simulated by changing the basic 
hydraulic parameters using the suitability curve.

Annals of Agrarian Science 17 (2019) 158 – 166
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0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00
0.00
10.00
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10.00

Water depth

Velocity field

Fig. 4. 

Fig. 5. 
3.s 3.s ) 

Habitat Suitability Curves

the main abiotic components of the microhabitat 

habitats. The curves are based on the assumption 

curves for the Teplá River for water depth are given 

Annals of Agrarian Science 17 (2019) 158 – 166
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Evaluation of the relation between the 
depth, velocity and water level area

The relation between the depth, velocity and 

evaluation of parameters. Depths and velocities 
are evaluated independently; therefore, the results 

and velocity values are multiplied individually 
by parameters from the suitability curves for the 

second method, these values are multiplied by one 
value, which is the intersection of the depth and 

The second method was developed by the 
authors of this paper, mainly as a reference method 

accuracy was the primary criterion. The modeling 

the physical essence of the individual phenomena 

results of such a model are of high quality and are 

of the reference model for this methodic will be 
used. The measurement and hydraulic modeling 

intersection areas were corrected by the parameters 
of the suitability curves with the same weight. 
The evaluation of the habitat quality assumes that 

degree of accessibility of the physical habitat of the 

of Teplá River in the town of Sklené Teplice is given 

Fig. 6. 3.s

Annals of Agrarian Science 17 (2019) 158 – 166
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Comparison of the results of the evaluation 
of the weighed usable area (WUA) by two 
methods

An evaluation of the quality of habitat assumes 
that the degree of accessibility of the physical habitat 

the depth, velocity and water level area was used 
as the basis for an evaluation of the weighed usable 

WUA values obtained by both methods vary. 
It is necessary to remember that the WUA value 
represents the qualitative depiction of the biota 
development in a watercourse depending on 
the discharge, morphology or other parameters; 
therefore, the WUA development trend which is 
maintained is decisive. This is also documented by 

curve by both methods, whereby the RHABSIM 
model values are corrected, i.e., reduced by the 

both methods. It may be anticipated that in the case 

in the trend could occur; in this case, it is useful to 

method. 

Results and discussion

When applying the described method, it is 

Some limits determine their habitats and their 

behavior in these habitats, but these are quite 

unambiguous decision. This also leads to the 
conclusion that the parameter of channel should 
not be designed in a general manner but has to be 
determined individually for each river.

The following recommendations for the 

river may be formulated from the results obtained:
•  The number of reference sections should be 

the reference sections and the percentage of 
represented habitats be selected based on the 

•    The collection of hydraulic and ichthyological 
data should be done simultaneously, and the 

should be performed as soon as possible; an 
ichthyological survey is not necessary for this 
measurement.

WUA development trend; the evaluation based 
on the methodology characterized in second 
method is appropriate only in controversial 
cases.

•  We recommend evaluating WUA by the 
RHABSIM model, especially for the hydraulic 
module, which is optimized for modeling in the 

free communication of the individual modules.

Fig. 7. 

Annals of Agrarian Science 17 (2019) 158 – 166
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in an aquatic area despite the fact, that only a 

Summary

The measurements made in the reference sections 

of the habitat gives a real picture of the changes 

The main advantage of the IFIM methodology is 

which are bioindicators of environmental quality. 

and abiotic environments may be obtained. These 
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A B S T R A C T

The article presents an analysis of  the scale in space and time of degradation of some glaciers on the southern slope of Central 

the opportunities and advantages of using this method as compared to the traditional methodology of Orthorectifying and mappingof 

Ice Age and the values of their retreat depend on the concrete types of glaciers and geographical factors.
The mentioned glaciers are typical for the soutern slope of the Caucasus Range and are located between mountain Elbrus and 

between 0.8 and 4.2 km. 

Keywords:

Introduction

the earth has been characterized by an alternation 
of warm and cold periods. The reasons for such an 
alternation have been active volcanism, cyclical 

shape of continents and ratio between the land 
and the ocean and a set of many other factors. The 

climate are marked by a global change, with the 

measurements. The trend in global temperature has 
increased sharply in recent years and as compared to 

The ongoing climate change has a decisive 

the geographical layer as cryosphere, which is 
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one of the forming elements of the earth climate 
and a good indicator of its changes both, in the 

taking place in parallel to the climate change is 
irreversible degradation of the glaciers in the 

is associated with the continuous increase ofglobal 

lead to the reduction of the freshwater resources and 
hydropower potential of the rivers and supply of 

in the probability of periglacial risks associated 
with glaciers. The southern slope of Great Caucasus 

like other mountainous regions, it have been marked 

temporal analysis of the dynamics of the large valley 
glaciers of the central part of  Great Caucasusand 

from the Little Ice Age to modern times. This problem 
was solved by using a synthesis of traditional and 

the process, including an unmanned aerial vehicle, 

including 3D and Geographical Information 

geomorphological method, allows obtaining and 
swiftly processing much better qualitative and 
quantitative data. This methodology was used 
to calculate the morphometric properties of the 

equilibrium line altitude and calculate a number of 
glaciological parameters. 

It should be noted, that the method used by us 

opportunities to calculate many such numerical 
values, cannot be calculated by using the traditional 
cartographic and geodetic methods or those of 
remote sensing. 

Objectives and methods

Study Area

Central Caucasus range
and relief conditions and compatibility between 
them and in respect of ongoing modern glaciation, 
Caucasus is an  geographical situation on the 
Eurasian Continent, as a transient hearth of modern 

glaciation transient between the glaciations in the 

geographical conditions typical to Caucasus 

is in Central Caucasus, at 43.20 0; 42.70 0. 
Between mountains Elbrus and Mkinvartsveri, 

Elbrus at 5642 m, Dikhtau at 5025 m, Shkhara 5203 

its average height is 4100 m above sea level. The 
mean annual amount of precipitations is 3000 mm. 
In this region, while the amount of precipitations 

on the southern and northern slopes of the Ridge is 

results from the location of Caucasus Ridge on 
the border between the moderate and subtropical 

masses of the Atlantic Ocean and Mediterranean sea 
on the one hand and of the continental air masses of 
Siberia, Central Asia and Iran mountainous regions.  

climate of Caucasus ranges played by the Black and 

conditions, the character of the modern glaciation is 
also diverse both, on the northern slope of Caucasus 

of it. The principal regularities of the climatic 
conditions and modern glaciation are as follows: 

Caucasus

Methods and materials

GIS and Areal Mapping methods

with such methods, as remote sensing, unmanned 

Annals of Agrarian Science 17 (2019) 167 – 174D. Svanadze et al.



169

it provides good opportunities to obtain highly 
accurate and thoroughly informative data, including 
2D, 3D and 4D cartographic information. Data 

the observations of the glaciers and their periglacial 
zones with an aerial vehicle and electronic and paper 

material of remote sensing and cartography are 

thorough data integration, digital elevation models 

software (Pix4D)
The gained data were processed in theGlobal 

Mapp er and Esri ArcGIS software. The aerial 
survey of the glacier tongues and periglacial zones 

and September of 2017. The aerial survey needs a 

planning, the relief of the territory was evaluated, 

Earth, SRTM – Shuttle Radar Topography Mission 

degree of dissection of the relief of the area, short 

collision of the drone with the surrounding slopes 
or other relief forms. The technical parameters of 

wind, the duration of the battery operation reduces 

2 

each zone to avoid the collision of the drone with 
the relief barriers.

addition, it is important to ensure a continuous radio 
communication with the control panel. In order to 

photographs is desirable to vary from 60 to 80% 
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1. Adishi 25/08/2017 1143 5.86 110.1 38 8.3 1:300
2. Khalde 30/08/2017 989 4.8 98.8 36 9.1 1:350
3. Shkhara 27/08/2017 818 3.9 92.7 36 8.1 1:400
4. Zopkhito 08/09/2017 914 3.31 107.4 40 7.59 1:300

Table 1.

Fig. 1. 
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photographing area to 2,5 km2, but it improves 

orthophotowith the image quality quite satisfactory 
for 2D GIS deciphering purposes.

Parametersof the glaciers and their calculation

is the location of the glacier tongue above the sea 
level in altitude, time and space, variation of the 
glacier tongue and surface topography, formation 
of a moraine cover, its morphometry, etc. In the 

same period was well preserved in the periglacial 
zone of some valley glaciers, and they can be used 

morphometric indicators of the relevant period. The 
advantage of the method lies in the possibility to 
swiftly obtain and calculate a number of accurate 

impossible by using traditional deciphering of 

and on the other hand, what is no less important, 
no matter how great the density of the survey of the 

with the geodetic apparatus is, an aerial photo is 
impossible to produce. Following the processing of 

points/m2

a glacier dynamics were made possible to decipher 

location of the glacier in the modern period and 
Little Ice Age period, calculated the location of 
the tongue above sea level in the Little Ice Age, 
indicators of the tongue retreat both, in length 

accurate relief model and its lateral and longitudinal 

comparing the old and modern data, we obtained 
numerical indicators, which thoroughly describe the 

Fig. 2. 
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Results and analysis

The analysis of the gained results evidences 
that the glaciers on the southern slope of Caucasus 
rangeare in the phase of active diminution 

increased altitude above sea level and decreased 

thickness at the same time. The variation of the 
parameters is associated with the process of the 

y f g g f p
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Ty
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 o
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er

Tongue elevationin different 
periods, asl, m

Difference in the 
periods, m

Average 
annualelevation 

change, m/yr

Total 
elevation in
1820-2010-

17

Retreat in
1820-

2010-17

1820 
1960

-

2017 1960 
2010-

2017 
1960 

-

2017 

Shkhara Valley 2310.00 2490.00 2535.00 180.00 45.00 1.29 0.79 225.00 888.00

Guli Valley 2580.00 2800.00 2920.00 220.00 120.00 1.57 2.11 340.00 1081.00

Ushba
Complex 
valley 2060.00 2380.00 2590.00 320.00 210.00 2.29 3.68 530.00 1243.00

Adishi Valley 2270.00 2380.00 2415.00 110.00 35.00 0.79 0.61 145.00 1326.00

Kibisha Cirque 3090.00 3190.00 3225.00 100.00 35.00 0.71 0.61 135.00 1359.00

Khalde Valley 2330.00 2500.00 2525.00 170.00 25.00 1.21 0.44 195.00 1542.00

Boko Valley 2285.00 2440.00 2637.00 155.00 197.00 1.11 3.46 352.00 1592.00

Nageba Valley 2170.00 2413.00 2550.00 243.00 137.00 1.74 2.40 380.00 1600.00

Tbilisa Valley 2540.00 2815.00 3010.00 275.00 195.00 1.96 3.42 470.00 1622.00

Marukhi Valley 2340.00 2400.00 2561.00 60.00 161.00 0.43 2.82 221.00 1734.00

Buba Valley 2400.00 2820.00 2950.00 420.00 130.00 3.00 2.28 550.00 1770.00

Kirtisho Valley 2320.00 2425.00 2618.00 105.00 193.00 0.75 3.39 298.00 2007.00

Mna
Suspended 
valley 2660.00 2855.00 3050.00 195.00 195.00 1.39 3.42 390.00 2053.00

Shdavluri Valley 2320.00 2640.00 2720.00 320.00 80.00 2.29 1.40 400.00 2178.00

Gergeti Valley 2600.00 2930.00 3113.00 330.00 183.00 2.36 3.21 513.00 2187.00

Tsaneri
Complex 
valley 2060.00 2280.00 2376.00 220.00 96.00 1.57 1.68 316.00 2203.00

Koruldashi Valley 2160.00 2480.00 2800.00 320.00 320.00 2.29 5.61 640.00 2249.00

Dolra Valley 2370.00 2540.00 2932.00 170.00 392.00 1.21 6.88 562.00 2338.00

Namkvami Valley 2460.00 2730.00 3023.00 270.00 293.00 1.93 5.14 563.00 2362.00

Laila
Complex 
valley 2100.00 2220.00 2620.00 120.00 400.00 0.86 7.02 520.00 2467.00

Zopkhito Valley 2120.00 2480.00 2560.00 360.00 80.00 2.57 1.40 440.00 2603.00

Chalaati
Complex 
valley 1620.00 1800.00 1940.00 180.00 140.00 1.29 2.46 320.00 2646.00

Lekhziri
Complex 
valley 1780.00 1970.00 2224.00 190.00 254.00 1.36 4.46 444.00 3698.00

Tviberi
Complex 
valley 2031.00 2140.00 2428.00 109.00 288.00 0.78 5.05 397.00 4096.00

Kvishi
Complex 
valley 2300.00 2415.00 2780.00 115.00 365.00 0.82 6.40 480.00 4224.00

Average 2291.0 2501.3 2684.1 210.3 182.8 1.5 3.2 393.0 2122.7

Table 2.
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the variability of the glaciers is the variation of the 
altitude of the glacier tongues above sea level in 
time and space. We give the data about the tongue 

the contemporary data about the location of the 
glacier tongues and their altitudes. 

The data analysis has made it clear that the 

during the LIA period, the location of the tongues of 
the considered glaciers above sea level was 2291 m 

tongues above sea level made 400 m.
The analysis of the table makes it clear that in 

the considered period, an average annual value of 

the glaciers elevation has increased from 1.5 to 
3.2 m since 1960s caused by the current climate 

and large glaciers to the current climate changes is 
particularly worthwhile. The value of their retreat is 
twice as much as an average value as a result of the 
glacier tongues descending to lower altitudes, their 

Average annual retreat of the considered glaciers is 

and large glaciers varies between 18 and 22 m/yr. 
There is no doubt that the degradation of the glaciers 
considered in the similar period did not take the 
same pace and included the periods of short pauses, 

Fig. 3. 

Fig. 4. 
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Conclusion 

irreversible degradation and melting evidenced by 
their gradual and swift retreat. Dynamics of melting 
of glaciers at southern slopes of the Greater Caucasus 
is in direct proportion with current climatic cycles, 

type glaciers.  The reduction of the valley glaciers 

course. If such trends continue without any changes, 
presumably the reduction of the large valley glaciers 
will reach 65% by 2100 what will presumably cause 
the disappearance of small karr glaciers. These 
processes lead to the increase inequality in the 

intensity predetermines the growth of intensity and 
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A B S T R A C T

aphids were Engeo 24.7% SC and Actara, 24% SC, that shown 99.7% and 98.3% reduction of aphids number on 7th day compared to 

that results in increasing in quantitative and qualitative indices of winter wheat yield.

Keywords:

Introduction

In recent years, there has been a violation of the 
agricultural crops alternation in the crop rotation of 

saturation of the crop rotation with one culture, the 

More than 360 species of insects and other animal 
organisms, including nematodes, rodents, birds 
and representatives of other fauna classes damage 

dangerous. In particular, mass outbreaks of the 
, wheat aphids, 

wheat plants. This leads to a shortage or full loss of 

Protection of the National Academy of Agrarian 

authorized for use in Ukraine. With the 
implementation of modern agricultural technologies, 
there is a tendency to increase the use of highly 

Preferably, these chemicals are from the group of 
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Neonicotinoids are a relatively new class of 
insecticides. One of the success factors of these 
plant protection products is that their application 

insecticides from other chemical groups. The 
prevalence of neonicotinoids is due to the variety 

sowing seed treatment, introduction into irrigation 

chemicals have opened new opportunities in the 
development of products for protection of seeds and 

The mechanism of action of neonicotinoids 

normal conduction of the nerve impulse through the 
synapses, which is a consequence of a violation of 
the functional activity of the acetylcholine receptor. 
As a result, convulsions and paralysis developed in 

In the Ukrainian market, insecticides from the 

on the basis of the following active ingredients: 

pyrethroids are also used in order to increase their 

protection measures, a comparative assessment 

Materials and methods

 

were used: Actara, 24% SC and Mospilan, 20% 

11,25% SC and Proteus 11% OD were used. In the 

was grown, the seed planting rate was 4,5 millions 

m2

of plots is randomized.

carried out in accordance with generally accepted 

2, while the 

2

were selected in 10 places of the plot. Samples were 
placed in paper bags. Then the number of thrips and 
their average number per spikelet was counted in 
the laboratory. The score of the wheat aphids was 

Research results

The occupation of winter wheat crops by 

the species composition of the aphids, the Grain 

 Schrank 
occurs sporadically,  L. and other 
species of bugs were found. The number of larvae 

2 during the observations 

The treatment of crops with insecticides 
contributed to a decrease of the occupancy of plants 

24.7% SC. Thus, on average, on the 3rd day after its 

Active ingredient Name of insecticide Manufacturer Rate of application

Imidacloprid Confidor, 20% SL Bayer Ag, Germany 0,1-0,35 l/h

Acetamiprid Mospilan, 20% SP NIPPON SODA CO., 
LTD, Japan 0,05-0,50 kg/h

Thiacloprid Calyps SC Bayer Ag, Germany 0,15-0,30 l/h
Biscaya, 24% OD 0,20-0,40 l/h

Thiamethoxam Actara, 24 % SC Syngenta Crop Protection 
Ag, Switzerland 0,15-0,16 l/h

Table 1.
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and 100.0% – on the 7th and 14th day.

of the Actara, 24% SC was 88.6% and 95.8% on 
the 3rd and 7th day after spraying respectively. 

OD, that on the 3rd day after spraying reached to 
86.9%, on the 7th – 89.7%. With the application 
of insecticide Mospilan, 20% SP the mortality rate 
of these phytophages was lower and reached only 

Also, on the 3rd day after spraying in the variant 
with the insecticide Actara, 24% SC the population 
of larvae and imago thrips was decreased by 93,8%, 
and on the 7th day – by 99.1%. Application of the 
Mospilan, 20% SP ensured the mortality rate of these 
phytophages on the 3rd day at the level of 88.2%, 
on the 7th – 93.0%. Insecticide Engeo 24.7% SC 

higher, compared with the Actara, 24% SC. Thus, 
on the 3rd day after application of Engeo 24.7% SC 
the death of the thrips reached to 98.0%, on the 7th 

Proteus 11% OD, that on the 3rd day after spraying 
reached to 96.2%, on the 7th – 98.2%.

At the observations on 14th day after spraying, 

was noted. So, in variants with the use of Actara, 
24% SC, Proteus 11% OD and Engeo 24.7% SC 

Mospilan, 20% SP this indicator was only 94.4%.
During the research period it was found that 

3rd day after application of the Mospilan, 20% SP 
was 85.4%, on other variants with insecticides it 

preparations Actara, 24% SC, Proteus 11% OD, 
Connect 11,25% SC and Engeo 24.7% SC were 

winter wheat plants by spraying with insecticides 
contributed to the preservation of quality indicators 
of the yield. So, the mass of 1000 grains in the 
variant with Actara, 24% SC, Proteus 11% OD 
and Engeo 24.7% SC reached 46.3, 46.4 and 46.5 

control. Application of the Mospilan, 20% SP and 
Connect 11,25% SC provided the increasing of the 
mass of 1000 grains up to 46.0 g, that was on 4.6 g 

The higher yield of wheat grain was obtained on 

insecticides, in comparison with the control. So, the 
yield on variants with the Actara, 24% SC, Proteus 

comparison with the variant with Mospilan, 20% SP 
and Connect 11,25% SC.

Table 2.

Variant

Applicat
ion rate, 

kg
(l)/h

Year

Number of pests before treatment Number of pests on … day after treatment
3rd 7th 14th

Sunn pest,
exemplars/

m2

thrips 
larvae,

exemplars 
/spikelet

wheat 
aphids,

exemplars 
/plant

Sunn pest,
exemplars/

m2

thrips 
larvae,

exemplars 
/spikelet

wheat 
aphids,

exemplars 
/plant

Sunn pest,
exemplars/

m2

thrips 
larvae,

exemplars 
/spikelet

wheat 
aphids,

exemplars 
/plant

Sunn pest,
exemplars/

m2

thrips 
larvae,

exemplars 
/spikelet

wheat 
aphids,

exemplars 
/plant

Control -
2016 7,8 27,0 50,0 8,0 32,5 68,0 8,3 44,5 96,5 8,5 51,8 134,3
2017 5,5 24,5 80,5 6,0 29,3 107,8 6,3 36,5 132,3 6,8 42,0 162,8

average 6,7 25,8 65,3 7,0 30,9 87,9 7,3 40,5 114,4 7,7 46,9 148,6

Actara, 
24% SC 0,15

2016 8,3 24,5 53,8 0,5 1,8 8,0 0,3 0,5 4,8 0,0 0,3 2,8
2017 5,3 23,3 76,5 1,0 2,3 10,0 0,3 0,3 5,3 0,3 0,5 2,3

average 6,8 23,9 65,2 0,8 2,1 9,0 0,3 0,4 5,1 0,2 0,4 2,6
Mospila
n, 20% 

SP
0,12

2016 7,5 24,3 52,5 2,0 3,3 13,3 1,0 2,3 11,0 1,0 2,0 6,5
2017 6,0 24,0 78,5 2,0 4,3 11,3 1,0 3,5 9,0 0,8 3,3 2,0

average 6,8 24,2 65,5 2,0 3,8 12,3 1,0 2,9 10,0 0,9 2,7 4,3

Engeo 
24.7% 

SC
0,18

2016 8,0 26,5 51,5 0,3 0,5 6,8 0,0 0,3 2,8 0,0 0,0 0,5
2017 5,3 23,5 75,0 1,0 0,8 5,3 0,0 0,5 1,5 0,0 0,3 0,5

average 6,7 25,0 63,3 0,7 0,7 6,1 0,0 0,4 2,2 0,0 0,2 0,5

Connect 
11,25% SC 0,5

2016 8,0 27,0 53,0 0,8 1,5 7,4 0,5 1,2 3,9 0,3 2,0 2,0
2017 7,0 24,4 81,0 1,2 1,4 9,0 1,0 1,7 3,5 0,8 2,4 1,5

7,5 25,7 67,0 1,0 1,5 8,2 0,8 1,5 3,7 0,6 2,2 1,8

Proteus 
11% OD 1,0

2016 7,0 28,0 54,4 0,5 0,8 7,8 1,0 0,9 3,0 0,5 0,5 1,0
2017 6,8 25,4 79,5 1,0 1,4 6,5 0,5 0,5 2,1 0,0 0,3 0,8

6,9 26,7 67,0 0,8 1,1 7,2 0,8 0,7 2,6 0,3 0,4 0,9
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Table 3.

Table 4.

Variant Application 
rate, kg (l)/h Year

Efficacy on … day after treatment, %
3rd 7th 14th

Sunn pest thrips larvae wheat aphids Sunn pest thrips larvae wheat aphids Sunn pest thrips larvae wheat aphids

Actara, 24% SC 0,15
2016 93,3 95,0 87,3 96,2 99,0 94,6 100,0 99,5 97,8
2017 83,9 92,5 91,2 95,4 99,2 96,2 95,7 98,9 98,7

average 88,6 93,8 89,3 95,8 99,1 95,4 97,9 99,2 98,2

Mospilan, 20% SP 0,12
2016 76,0 90,9 79,5 88,4 95,3 88,0 88,7 96,5 94,9
2017 63,6 85,6 89,8 82,7 90,6 93,4 87,2 92,3 98,8

average 69,8 88,2 84,6 85,5 93,0 90,7 87,9 94,4 96,9

Engeo 24.7% SC 0,18
2016 96,2 98,5 89,7 100,0 99,3 97,0 100,0 100,0 99,6
2017 83,9 97,4 95,4 100,0 98,7 98,9 100,0 99,3 99,7

average 90,0 97,9 92,6 100,0 99,0 98,0 100,0 99,7 99,7

Connect 11,25% SC 0,5
2016 89,7 95,4 88,5 93,8 97,3 95,7 96,4 96,1 98,4
2017 74,5 95,2 91,6 79,8 95,4 97,3 85,0 94,3 99,1

average 82,1 95,3 90,0 86,8 96,3 96,5 90,7 95,2 98,7

Proteus 11% OD 1,0
2016 94,4 97,4 87,5 89,2 97,9 96,6 94,7 99,0 99,2
2017 79,4 95,0 94,0 90,2 98,6 98,4 100,0 99,3 99,5

average 86,9 96,2 90,8 89,7 98,2 97,5 97,4 99,1 99,4
SSD05 7,6 3,8 3,5 2,7 1,5 1,4 1,6 1,5 1,1

Variant Application rate, 
kg (l)/h Year Yield, Mass of 1000 

grains, g

Control -
2016 5,08 41,8
2017 4,46 41,0

average 4,77 41,4

Actara, 24% SC 0,15
2016 5,65 47,3
2017 4,81 45,3

average 5,23 46,3

Mospilan, 20% SP 0,12
2016 5,61 47,0
2017 4,79 45,0

average 5,20 46,0

Engeo 24.7% SC 0,18
2016 5,68 47,5
2017 4,82 45,5

average 5,25 46,5

Connect 11,25% SC 0,5
2016 5,5 46,9
2017 4,7 45,0

average 5,1 46,0

Proteus 11% OD 1,0
2016 5,6 47,3
2017 4,8 45,5

average 5,2 46,4
SSD05 0,38 3,9
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Conclusions

1.  Saturation of crop rotation with grain crops 

of favorable conditions for the development 
of sucking phytophages and, accordingly, to 

2. Preparations from the neonicotinoids group 

using insecticide Engeo 24.7% SC and reached 

reduced the occupation of plants by aphids, 

wheat yield and a mass of 1000 grains.
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Lab

Lab, based on reference Red of hematite and goethite. Replacement of 
Fe3+ to Al3+

color pure hematite. The new technique was proven on Northern Italy andosols and was give results similar to results, received for 

Lab 

Lab also vary 
depending on the impurities Al in hematite and goethite. From samples with particles of pure goethite Red higher than cambisols 

cambisols samples with pure goethite.

Keywords:

Introduction

2O3

goethite is useful to solve important tasks of genesis 

So, goethite is formed in acidic environment and 
in conditions of high humidity and moderate 
temperature, whereas hematite is formed in 
neutral conditions and with low humidity and high 

ratio hematite/goethite to determine a soil evolution 

ancient soils with age 760 thousand years Al content 

~ 40 thousand years, where the Al contents was only 

in the content of aluminum in soils with goethite of 

Yu.N. Vodyanitskii
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Accurate information on soil goethite and hematite 

cooling, to the temperature of liquid nitrogen – 4 k 

and hematite Mossbauer spectroscopy is allows you 

development of spectrophotometers it is appeared 

include: humus as a black pigment, carbonates 

2O3
a few techniques using optical spectrum of soil to 
determine the hematite and goethite share. The end 

I determination is based on the ratio of red and 

technique is based on converting optical soil 

nm for hematite and 413 nm for goethite. Attitude 

. This method 
can serve as a benchmark in determining the ratio 
of hematite and goethite on optical spectra of 
soil. Disadvantage: the complicated procedure is 
requirement to use a computer programs.

At present, the color of the soil is characterized 

Because no equivalent perception of light and dark 

coordinate is indicated the position of the colors 

gathered information about the Munsell color of 
the soil, published in numerous articles. But learn 
from them hematite and goethite information using 
known approaches is impossible. Therefore, we are 
proposed a new approach that would use previously 

information on the ratio in soils of hematite and 
goethite. Of course, the new technique is suitable for 

in soil samples, with modern spectrophotometer 

Lab.

method for determining the ratio hematite/goethite 

Objects

2O3 2O3, goethite 

2Fe2O3
.FeOOH.4H2

the color data of modern andosols and paleosols in 

Basic researches are devoted to the analysis 
of luvisols of southern Spain, the source data is 

our data on color of cambisols from Lithuania, and 

Methods
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it in the form: 

2O3
.FeOOH.

2O3

and Red of goethite is: Red = 0.16. The degree of Red 

than the goethite. We emphasize that these values 

This relationship you can count on soil color 

Red = 0.16 meets soils with pure goethite, but if there 

Lab
ILab

ILab

where is 0.51 – averaged magnitude of hematite 
Red and 0.16 – averaged magnitude of goethite Red. 

3+ by 

Al3+. Aluminum is reducing hue of ferruginous 
minerals. Amendments to the color of both minerals 

the goethite color. We are assume that the color of 

 For this 

on spectral color information of modern soils and 

function, as well as Munsell Color. We were changed 

Lab. The results of the comparison of 

As can be seen, the mean values of relationship 
n = 10 are 

 = 0.05 ± 0.01 and ILab 

 
and ILab is r = 0785.

Thus, the new technique is give results similar 
to results, received for converting optical spectrum 

of ease of calculation and the ability to use the old 

Now let us consider the application of the new 
methodology for calculating the relationship 

Munsell CIE-L*a*b*

L* b* Red

Hematite 1.2 YR 3.6/5.2 36.6 20.9 20.4 0.51

Feroxyhite 4.2 YR 3.8/6.0 38.7 19.1 29.3 0.39

Ferrihydrite 6.6 YR  4.9/6.3 50.0 15.4 34.9 0.31

Maghemite 8.3 YR  3.1/3.2 31.4 7.4 18.0 0.29

Lepidocrocite 6.8 YR  5.5/8.2 56.1 18.5 46.4 0.28

Goethite 0.4 Y     6.0/6.9 61.0 8.2 44.1 0.16

Table 1. 
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Results and discussion

Relationship between Hematite and Goethite 
in luvisols

argic, its color ranges from brown to red, depending 

3+ is replaced 
by Al3+

of goethite is higher than from its iron replacement 
in hematite. The minerals iron impurities are not 

Lab 

where there are pure hematite and goethite, 
Lab

of goethite and hematite in luvisols are close to 

Lab

Table 2.

Sample

(depth, cm)

Munsell CIE-L*a*b* ILab IK-M

L* b* RedLab

RS-A (0-20) 9.6 YR 5.5/3.6 56.7 6.8 25.7 0.21 0.14 0.07

RS-Bw1 (20-
40)

9.6 YR 5.4/3.5 56.7 4.6 18.7 0.20 0.11 0.10

RS-C1 (80-100) 9.3 YR   7.0/3.7 71.6 5.8 26.1 0.18 0.06 0.09

I-1 (280-300) 8.9 YR   5.6/4.0 56.7 6.8 24.4 0.22 0.17 0.08

II-1 (460-480) 0.3 Y      6.9/3.8 71.6 4.5 27.1 0.14 0.00 0.00

III-1 (840-860) 9.5 YR   6.5/4.0 66.6 5.4 25.1 0.18 0.06 0.04

III-3 (92-940) 9.8 YR   6.8/4.0 71.6 4.5 25.9 0.15 0.00 0.02

IV-1 (1000-
1020)

0.1 Y      6.7/4.1 66.7 4.0 26.1 0.13 0.00 0.01

IV-3 (1040-
1060)

9.6 YR   6.6/3.8 66.7 5.4 25.1 0.18 0.05 0.03

IV-4 (1060-
1080)

9.4 YR   6.3/3.9 66.7 5.4 25.1 0.18 0.05 0.06

Average 0.06±

0.02

0.05±

0.01
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Table 3.

Sample

(depth, cm)

Al-
goe-
thite,
%

Al-he-
matite,
%

I Mansell L* b* Red ILab

Profile RB

RB-11(22-45) 1.65 2.80 0.63 7.5 YR  
6/4

61.1 8.4 22.3 0.27 0.33 0.11

RB-12 (45-70) 2.25 3.10 0.58 8 YR  7/4 70.9 7.2 23.2 0.24 0.23 0.12

RB-13 (70-
105)

2.80 2.80 0.50 7.5 YR  
7/4

70.9 7.9 22.6 0.26 0.28 0.07

RB-14(105-
130)

2.20 3.75 0.63 8 YR  7/5 70.9 9.0 29.0 0.24 0.23 0.14

RB-15*(130-
155)

4.90 1.65 0.25 8 YR  7/5 70.9 9.0 29.0 0.24 0.23

RB-16 (155-
170)*

4.95 0.90 0.15 9 YR  8/3 80.5 3.8 18.6 0.17 0.03

RB-17(170-
190)*

4.35 - 0.00 1 Y 8/2 80.5 0.8 14.0 0.05 0.00

RB-18(190-
230)*

3.60 - 0.00 2 Y 8/1.5 80.5 0.0 10.9 0.00 0.00

RB-19(230-
260)*

4.40 - 0.00 2 Y 8/2 80.5 0.0 14.6 0.00 0.00

RB-20(260-
300)*

4.15 - 0.00 10 YR 
8/2

80.5 1.6 13.4 0.11 0.00

Profile MO

-1 (0-8) 1.95 3.95 0.67 6 YR  6/5 61.0 12.2 26.3 0.32 0.46 0.07

-2 (8-50) 2.10 4.10 0.66 6 YR  7/6 70.9 13.8 32.0 0.30 0.40 0.09

-3 (50-65) 1.50 4.80 0.76 5 YR  6/6 61.0 15.8 30.6 0.34 0.52 0.09

-4 (65-75) 1.50 3.20 0.68 6 YR  7/5 70.9 11.6 26.4 0.31 0.43 0.09

-5 (75-
100)

1.40 3.00 0.68 7 YR  7/4 70.9 8.4 22.1 0.27 0.31 0.13

-6 (100-
145)*

3.10 - 0.00 7.5 YR  
7/3

70.9 6.0 16.9 0.26 0.23

-7(145-
180)*

2.80 - 0.00 10 YR  
8/2

80.5 1.6 13.4 0.11 0.00

* – goethite and hematite without Al.  
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in the lower parts of the two rips have a low Red 

from the contents of goethite is negative: r

pigment is goethite, increasing its number is lead to 
lower the already low Red soil.  

At the luvisols top are contained hematite and 
goethite, both enriched with aluminum. This change 

ILab

on sheer colors ILAB goethite is show the proportion 

calculation is based on optical reference analysis, 
pure particles of hematite and goethite. To correct 

of Al on the color of the goethite only. 

proceeding from the real relationship between 

The ratio hematite/goethite in cambisols 

and a reddish tone, with a low content of iron 

weathered weakly they often receive from legacy 
particles of hematite and goethite. Cambisols are 

of Red is vary in a wide range: from 0.18 to 0.40. 
Lab: from 0.07 to 

0.69. Such a large spread of optical indicators is 
indicated heterogeneity sampling.

chemical composition of goethite in cambisols. 
Indeed, eight samples have pure goethite and four 
samples is composed goethite with part of Fe3+ 

3+, these two groups are varying 
in their optical properties. As can be seen from 
the table 4, cambisols with pure goethite have 
high Red = 0.33 ± 0.02, and the ILab
± 0.05, that is 50% of hematite. The indicators of 

Red = 0.22 ± 0.02, and the proportion of 17% total 
hematite: ILab
groups is authentically P 95. 

Make amendments in color of cambisols with 

the average reduction Red previously received for 

Lab
the average value of the ILab team cambisols with 

 = 0.45 ± 0.06. 
Now the I

Thus, the amendment on Al in goethite gives 
more similar picture: 45% of hematite in the same 

Conclusion

a simpler method of determining ILab

and then calculating the ILab, based on reference Red 
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of hematite and goethite. Replacement of Fe3+ to Al3+ 
is taken into account through amendments to the 

Thus, the new technique was proven on Northern 
Italy andosols and was give results similar to 
results, received for converting optical spectrum on 

advantage of ease of calculation and the ability to use 

Lab

Al generates an error in the calculation. To delete the 

Lab also vary depending on the impurities 
Al in hematite and goethite. From samples with 
particles of pure goethite Red higher than cambisols 

comparable to its share in the cambisols samples 
with pure goethite.  

Annals of Agrarian Science 17 (2019) 180 – 187

Table 4. 

Horizon

(depth, cm)

Fe-minerals FeTot

%

FeDCB

%

L* b* Red ILab ILab-
corr

Pinega district, Arkhangelsk, Russia

BM (7-16) Hematite, goethite 2.41 1.29 60.3 14.5 26.3 0.35 0.55

B (16-24) Hematite, goethite 3.65 2.22 57.8 16.8 25.2 0.40 0.69

DCa (44-62) Hematite, goethite 1.00 0.48 71.9 12.0 30.4 0.28 0.35

Perm district, Russia

AY (7-12) Hematite, goethite 4.18 1.57 58.9 11.1 24.7 0.31 0.43

B1 (19-36) Hematite, goethite 5.29 2.00 57.6 15.4 25.8 0.37 0.61

B2 (36-56) Hematite, goethite 5.34 2.20 56.6 15.8 24.9 0.39 0.65

Zarasai district, Lithuania

PYg (0-10) Hematite, Al-
goethite

1.42 66.2 8.0 29.3 0.21 0.16 0.43

B1Ca (40-50) Hematite, goethite 1.09 67.9 11.3 29.0 0.28 0.35

BCCa (80-
100) 

Hematite, goethite 0.49 68.8 11.9 30.0 0.28 0.35

Cherepovez district, Vologda, Russia

PY (0-20) Hematite, Al-
goethite

0.77 62.7 5.4 21.8 0.20 0.11 0.40

B (31-52) Hematite, Al-
goethite

0.48 75.3 6.7 29.8 0.18 0.07 0.34

C (66-85) Hematite, Al-
goethite

1.18 63.0 11.3 28.8 0.28 0.35 0.63

  FeTot – total content Fe in soil, FeDCB – ILab
for Al in   goethite.



187

Acknowledgment 

The author thanks N.P. Kirillova for help in the 
work.

References

Press, Ames., 1973.

66. 

A.B. McBratney, Colour space models for soil 

and quantitative measurement of hematite 

aerobic conditions: Processes and their 

in goethites in soils from alluvium, Gippsland, 

354.  

173.

  
some soil processes on soil color. Dokuchaev 

510.

 

Colloid Sci. 2002.

   

of soil color: theory and practice. SSSA. 31 

Sileva, Conversion of soil color parameters 

use and limitations, Soil Sci. Soc. Am. J. 63 

sequence in Southern Italy, Quaternary Int. 

Soil Resources Reports, No 103, FAO, Rome. 
2006. 

Annals of Agrarian Science 17 (2019) 180 – 187



188

Annals of Agrarian Science          

Mariam Merabishvili

Received: 12 February 2019; accepted: 9 May 2019

A B S T R A C T

risk level. In Gombori and Shakhvetila villages the risk of degradation and erosion is relatively high. 

Keywords:

Introduction

the country, in terms of its use, so it is necessary to 

period of grazing without reducing its productivity 

correlated with environmental factors such as: 

Food production and their growth has a positive 

of natural food plots deterioration of the botanical 
composition of the vegetation cover, to worsen 
feed and hay quality also reduces herbage yield 
and their productivity, contributing to the spread 

situation, it is necessary to have optimal loading 

The bioproductivity of fodder grasses of 
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enriched with mineral or organic fertilizers, soils 
are contaminated with weed grass, because of the 

carried out regarding heavy metals by various 

was conducted in Georgia, in 9 km. radius from 
village Kazreti, Madneuli mining and processing 
enterprise, on the milk products of cows. It has 
been determined that the considerable increasing 

has been observed in soil, green grass, also in the 

Erosion process is one of the reasons of 
degradation of soils of Georgia. Regarding erosion 

For assessing the current situation, it is 
recommended to conduct visual assessment of the 

Objectives and methods

municipalities: Arashenda, Cheremi and Koghoto.

the river "Lakbe" at 760 m. height altitude from the 

of the Gombori Range, altitude from the sea level 
is 1000m. The left side of the river Chermiskhevi 

the right side of the river Alazani at 460 m. from the 

According to the selected methodology and 

samples. In the raised article, it has been reviewed 

laboratory analyzes regarding the following heavy 

have been implemented in Michail Sabashvili 

Melioration and in the laboratory of ecological 
agriculture and nature protection;

Analysis of soil samples were performed by the 

determined by the pipe method; Reaction of soil 

Soil mapping was created using geoinformation 

“preferential sampling” and “random sampling” 
designs. The plots were selected based on the 
“preferential sampling design” which means, that 

according to certain criteria on the position of your 
plot. Other sampling methods are random designs; 
they are usually developed on the basis of satellite 
images and the selection of plots is done randomly 

condition via percentage, such as: erosion tracks; 

Based on information which were collected on 

needed, we have added orange colour, for observing 
medium risk level signs of degradation, taking into 
consideration colours above, the layout is following:
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Based on calculation indices and by easily Results and Analysis

On research territories, in the collected soil 

Index
Range

Risk to Erosion 
Level

Light

76-100 Low Risk Green
51-75 Medium Risk Yellow
26-50 Medium Strong 

Risk
Orange

0-25 High Risk Red

Objects,
profile_

N

Horizon,
depth (cm)

Fractions %

1-0,25 0,25-
0,05

0,05-
0,01

0,01-
0,005

0,005-
0,001 <0,001 <0,01

Arashenda
2

A - 0-5 3 32 17 13 2 33 48
AB - 5-20 6 24 17 15 6 32 53
B - 20-40 6 21 25 4 8 36 48
BC -40-60 8 34 7 8 13 30 51

Arashenda
7

A -0-20 4 42 19 7 12 16 35
B -20-40 1 29 23 10 14 23 47

BC -40-60 1 26 21 4 24 24 52

Arashenda
9

AB -0-35 6 23 9 17 18 27 62
B -35-91 2 11 17 11 32 27 70

BC1-91-120 0 33 10 4 30 23 57

Cheremi
3

AB -0-28 0 15 5 17 44 19 80
BC1-40 0 16 12 10 24 38 72

BC2-40-58 3 27 23 7 18 22 47
CD -58-80 2 40 10 13 18 17 48

Cheremi
6

AB- 0-20 1 31 12 12 15 20 56
BC-20-70 1 23 23 5 12 36 53

Cheremi
10

AB- 0-30 10 26 23 9 8 24 41
BC- 30-60 10 40 6 1 21 22 44

Koghoto
2

A- 0-20 1 16 30 9 15 29 53
BC- 20-40 0 31 10 13 18 28 59

Koghoto
4

A- 0-20 0 30 12 18 22 18 58
BC -20-40 0 29 20 18 16 17 51

Koghoto
5

A- 0-20 2 35 23 9 16 15 40
BC- 20-40 4 38 18 8 22 10 40

Table 1. 
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The cinnamonic carbonate soil is characterized 

The humus content in 
upper horizons is high and reaches 7,4%, but in the 
depth in lower horizon 2,1%. The soil is saturated 

heavy loam, prof.
is a light clay, 

Tab

higroscopic water varies between 1.21 and 5.71%, 
B. 

reaction; pH indicator slightly varies between 
3 

23.18%. The soil is characterized with high and 
deep content of humus. In horizon A the humus 

eqv. in 100g. soil. From bases Ca is 

Cinnamonic carbonate soil is characterized by 
1 2

mm 

Objects,
profile_

N

Horizon,
depth (cm)

Hygr. 
H2O % pH CaCO3

%

Hu-
mus     
%

Cation exchange capacity, 
mg/equivalent in 100g. soil Sum %

Ca2+ Mg2+ Sum.       
Ca2++Mg2+ Ca   Mg   

Arashenda
2

A - 0-5 3.52 8.4 8.18 7.4 20.27 6.76 27.03 75 25
AB - 5-20 4.38 8.6 10.91 6.3 17.06 5.45 22.51 76 24
B - 20-40 4.38 8.4 9.09 5.4 24.56 7.5 32.06 77 23
BC -40-60 4.38 8.5 11.82 2.1 23.87 5.81 29.68 80 20

Arashenda
7

A -0-20 2.67 8.2 21.36 6.8 22.64 10.47 33.11 75 25
B -20-40 3.73 8.3 23.18 4.5 10.42 7.17 25.59 72 28

BC -40-60 1.21 8.4 21.36 2.7 16.89 5.64 22.53 75 25

Arashenda
9

AB -0-35 2.88 8.2 15.91 8.3 20.27 6.42 26.69 76 24
B -35-91 5.71 8.4 22.27 6.8 19.12 5.22 24.34 78 22

BC-91-120 4.38 8.3 22.73 4.6 17.06 6.14 23.20 73 27

Cheremi
3

AB -0-28 4.38 7.7 2.27 9.4 30.7 6.82 37.52 82 18
BC1-40 3.52 8.0 6.82 8.2 27.97 8.19 36.16 77 23

BC2-40-58 2.46 8.3 13.18 7.1 23.08 6.36 29.44 78 22
CD -58-80 2.04 8.4 19.09 6.1 24.09 6.02 30.11 80 20

Cheremi
6

AB- 0-20 3.31 7.9 9.09 9.6 20.95 7.77 28.72 73 27
BC-20-70 3.31 8.3 22.73 7.1 19.93 7.1 27.03 74 26

Cheremi
10

AB- 0-30 2.04 7.0 0.91 8.1 25.09 5.02 30.11 83 17
BC- 30-60 2.25 8.3 4.09 6.1 19.4 5.69 25.09 77 23

Koghoto
2

A- 0-20 2.04 8.5 30.45 8.7 16.05 5.03 21.08 76 24
BC- 20-40 0.81 8.4 29.54 7.4 14.76 4.92 19.68 75 25

Koghoto
4

A- 0-20 5.71 8.4 35.45 7.2 16.34 5.56 21.09 75 25
BC -20-40 5.42 8.4 36.36 6.5 17.22 6.2 23.42 73 27

Koghoto
5

A- 0-20 12.1 8.3 36.36 8.2 16.39 5.36 21.75 75 25
BC- 20-40 2.50 8.4 42.27 6.4 14.46 5.17 19.63 74 26

Table 2. 
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and alkaline. Content of CaCO3 
19.09%. The humus content is high and in the upper 

The soil is saturated with bases, from 
bases  Ca is 

 the
, , amount of 

alkaline. Content of CaCO3 

9,6%. The soil is saturated with bases, the sum of the 
 mg.eqv. in 

100g. soil. from bases Ca is more than 

n 

3 

bases, from bases  Ca is predominates 
.

heavy metals and its contents, as well as the ratio, are 
absolutely acceptable for each sample in comparison to 

At the same time, in soil samples noted minor 
changes in heavy metals content. The result of the survey 

edge. 

Based on literature sources, it is possible to say, 

metals is 
Supposedly, there is no source of pollution by heavy 

metals in this area. The concentration obtained is mainly 
derived from the deep layer of the soil, which can be 
conditioned by the biogenic factors and vegetation 
cover.

and Cu, which can be due, to the abundance of natural 

The survey was carried out to verify the condition 

place is contaminated by heavy metals concentration on 

Studied soils are not contaminated with heavy metals 

into the food chain and polluted the product.
Based on visual research, in village Arashenda 

and degradation level of the risk is predominates, this 

risk of erosion. Plots of grazing territory of Arashenda 
village, which is located 700 m. above the sea level, 

Objects soil depth, 
cm

Cu Zn Cd Pb

Arashenda 0-20 39.48 58.94 <1 <5
20-40 33.33 48.17 <1 <5

Koghoto 0-20 29.52 37.86 <1 <5
20-40 57.09 53.07 <1 <5

Cheremi 0-20 56.45 53.61 <1 <5
20-40 58.17 55.16 <1 <5

Table 3. 
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Conclusion

The originality, of this research is that in the 
framework of the same research, several components 

cover condition, erosion, contamination by heavy 

In the inner part of Kakheti region, there are 

soils have a heavy clay content. The reaction is 
alkaline and weakly alkaline, carbonated, high 
humus content, soils are saturated with bases; From 

alkaline, carbonated, the humus content is relatively 
high, deeply humifed, soils are saturated with bases, 

Studied soils are not contaminated by heavy 

to contaminate the food product. 

level of erosion and degradation processes, thus, 

high.
For better coordination of Gombori village 

because of protecting rotational grazing rule, 
according to avoid overgrazing. 

risk of high degradation maybe caused by climate 

in addition, it is mentionable, that the process of 
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Keywords:

Introduction

Dangerous and spontaneous meteorological 

create emergency situations, causing damages and 
even human victims.

Natural weather phenomena, as the result 
of modern anthropogenic impact have been 

and economy of Georgia, as it is evidenced by the 
impact of global warming on the regional climate, 

spontaneous weather phenomena over Georgian 
territory were initiated by one of the author of this 
article in the late 70th th of 
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Thus, for present a rather rich literature has been 

dynamics of individual spontaneous meteorological 
phenomena on the territory of Georgia. However, 
sometimes some events attack simultaneously, 
overlapping each other and thereby aggravate 

shower, fog with snow, hurricane with hail, etc. To 

These phenomena are independent from each 

occurrence can be determined using the multiplication 

In this paper, the occurrence probability of 
some independent dangerous and spontaneous 

physical and geographical conditions of Georgia 

theorems.

2.  Study Area 

sea level, and individual mountain peaks ranges 

 In the northern part of the territory in the 

is part of the Lesser Caucasus. The main Caucasian 
ridge is connected to the South Georgian mountain 
range by the Likhi Ridge, which divides Georgia 

dry continental climate. Between the Great Caucasus 
and the South Georgian upland there is a tectonic 
depression, which is represented by lowlands, river 

3. Data and methods 

According to the basic provisions of the 

independent events A and B, can be calculated using 
multiplication theorem of probabilities:

and the probability of realization of one of the 
events is determined by the addition theorem of 
probabilities

probability of B event, if we consider the complete 
i, where i = 1,2,3, ... n. 

If it is known that there has been occurred event 
B, then the probability of event A is calculated in 
accordance with the Byes theorem:

is  called conditional probability. 
In our case, two opposite events are considered: 

A1

2
same phenomenon. The sum of the probabilities 
of these phenomena equals to 1, so they form a 

 

conditions of the South Georgian Highland and 

on climate separating Likhi Ridge.
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4. Discussion 

Fig.1.

slope of the Greater Caucasus, the probability of 

days. Obviously during year the occurrence of both 
individual meteorological phenomena, as well as 

For example in the Table 1 there are presented 
values of empirical occurrence probabilities 
of some typical and dangerous meteorological 
phenomena for Telavi: hail, fog, strong wind, 
precipitation and intense precipitation. The wind 
is strong when its speed exceeds 15 m / sec, and 
precipitation is considered to be intense when 
their daily amount exceeds 20 mm.

presumable phenomena are fog and precipitation, 
including intense precipitation. The probability 

precipitation month dependence varies between 

dangerous meteorological phenomena is low, even 

 

Fig. 1. 

 
Event Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Hail 0 0 0.07 1.3 2.7 2 0.3 0.7 0.3 0.3 0.07 0 
Fog 20 17 20 10 3 3 2 2 3 10 13 23 
Strong wind 3 4 5 3 2 2 0.7 1 2.3 5 2.3 2.7 
Precipitation 10 7 10 10 10 10 10 10 7 7 10 7 
Intense precipitation 0.3 1.3 1.3 3 7 7 3 3 3 3 3 1.3 

Table 1. 
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Table 2. 

Months Precipitation-fog Intense precipitation-strong wind Hail-strong wind  
         

1 2 28 10 0.009 3 0.3 0 3 0 
2 1 12 6 0.052 5 1 0 4 0 
3 2 28 10 0.065 6 1 0.0035 5 0.12 
4 1 19 9 0.09 6 3 0.039 4 2 
5 0.3 13 10 0.14 9 7 0.054 5 3 
6 0.3 13 10 0.14 9 7 0.04 4 2 
7 0.2 12 10 0.021 4 0.3 0.002 4 0.2 
8 0.2 12 10 0.04 4 0.4 0.007 1 0.7 
9 0.2 9 7 0.069 3 0.3 0.0069 2 0.3 
10 0.6 16 6 0.15 8 3 0.015 3 0.3 
11 1 22 8 0.069 5 0.3 0.0161 5 0.8 
12 2 28 10 0.025 4 1 0 2 0 

  

In Table 2 there are presented the probabilities 

From Table 2 it follows that the occurrence 

summer months decreases to 0.2%. The occurrence 

and March and the minimum in September. While 
considering fog, the probability of precipitation P 

It also follows from Table 2 that the occurrence 

 and 
amounts to 0.3% in May.

Figure 2 shows the annual course of the 

geographical conditions of Georgia.
Locations and phenomena combinations: 

1-Telavi (hail-strong wind); 2-Batumi (heavy 
precipitation-strong wind); 3- Samtredia 
(precipitation - strong wind); 4- Tbilisi 
(precipitation - strong wind); 5- Akhalkalaki 
(hail-strong wind); 6- Kazbegi (fog-strong wind); 
7-Mta-Sabueti (precipitation-strong wind); 
8-Mta-Sabueti (heavy precipitation-strong wind); 
9-Mta-Sabueti (precipitation-fog); 10-Mta-
Sabueti (fog-strong wind). On Fig. 1a) curves 1 
and 5 coincide.
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Fig. 2.
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As follows from Fig. 2 the annual course of 
occurrence probability of various variants of 

essentially on the physical and geographical 

wind and precipitation on the Colchis Lowland 

Colchis Lowland on average every 20 days on 

May per year only once, and on the Likhi Ridge 

second component occurrence during the year on 
the Colchis Lowland ranges from 37 to 50%, the 

Georgia plains the probability of the corresponding 

and May, and on the Likhi Ridge ranges between 

March. 

characterized by a small probability on the Black 

month. The occurrence probability of one of the 

the indicated months occurs on average 1 time in 

Georgia and the South Georgian Highlands. The 

to 5% in March and May and in the South Georgian 

increases when one of the events has been already 

Unlike the considered meteorological 

in mountains. The occurrence probability of this 

likelihood of realizing one of the phenomena of the 

On the climate separating Likhi Ridge there is 

days. The probability of one of the phenomena 
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5. Conclusion

The simultaneous occurrence probability of 

Lowland varies from 0.4 to 5% during the year, 

on the Likhi Ridge ranges from 21% to 32%, while 

The likelihood of happening one of the phenomena 

event has been already occurred varied respectively 
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Keywords:

Introduction

The natural and climatic as well as production 
conditions of agriculture in Georgia are quite diverse 
and this diversity is particularly sensitive on the 
performance of agricultural processes in mountainous 

as the size and contouring of the processed area, the 

individual operational indicators of the performed 

development of a special directions of agriculture in 
Georgia, in particular, the development of issues of 
mountain agriculture and the corresponding means. 

The development of mountain agriculture in 
Georgia requires the upgrading of relevant research, 

It is determined that in Georgia more than 60% 

agricultural products, is located on the slopes. It 

nutritional value of the products produced on the 

of production produced on plain conditions. At the 
same time, it has been calculated and determined 

to 8 ... 10°, would additionally produce more than 

and the development of slopes with value more than 
20°, makes additional income in production – it is 

the perfect development of slopes and mountain lands 
primarily depends on the level of mechanization 
of production processes. The issue of the rational 
selection of energy means and technological 

Agricultural University of Georgia, Kakha Bendukidze University Campus, 240, David Aghmashenebeli All., Tbilisi, 
0131, Georgia
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mechanization for plain conditions, is relatively 
easy to solve. Mechanization of agriculture in 

as in other similar conditions, is a problematic issue.

processes of agriculture depends on the providing 
and proper selection of the corresponding mobile 
energy means and technological machines. 

calculation of parameters the correct compilation 
and completion of the corresponding machine and 
tractor units, based on the theoretic calculations, 
determination of their technological parameters 
and operating modes, the improvement of methods 

optimization of all links in engineering service. For 

husbandry works in the agricultural enterprise and the 

production, as well as for the full value realization 
of the operational properties and capabilities of 
machinery, the available power of work should be 
in range of 22...25 kW/man, and the energy supply 
of agriculture should be 4...6 kW

In order to achieve and maintain of mentioned 

enterprise, it is necessary to select and operate 
agricultural machinery on the basis of proper 
engineering calculation with taking into account the 

management polymorphism, the selection and 

obey the full value engineering calculations or control 

is mainly made by an individual approach. For this 
reason, incomplete application of their capabilities or 
cases of their work with overload is frequent.             

In addition, the general organization of material 

supply, provides a reliable modern supply of 
agricultural enterprises by the necessary machinery, 
equipment and spares for them, as well as materials 
for the operation of these machines and equipment, 
as well as for all branches of the economy.

unit assemblies for the whole economy would be 
:

of spares, their required quantity would be 
determined by the formula           

The smaller values of        are assumed for large 
farms and vice versa.           

conditions undergoes a change in the direction of 
increase that also leads to an increase in the number 
of required assembly units.  

The number of replaceabl e  working bodies of 
machines and recoverable  spares would also be 

          

                                              

n m           (1) 

where m - is the number of machines on that 
these assembly units are installed;

– is the number of assembly units for one 
machine;

– is the time of complete restoration of the 
assembly unit, including the 
time on transportation;

– is the coefficient taking into account 
deviations from the established terms of res-
toration and other normative ( = 1,2 ... 1,8);

- is the average life of the assembly unit 
before replacement.

unit, -time on trans
portation;

including the 

C

P pe

n m
T 1 n

           

  

(2) 

where mM - is the number of the same type ma-
chines;

M – is the number of parts or work tools per 
machine;

   C, - are respectively, the seasonal load per 
machine and the average periodicity of parts 
replacement, ha,h;

– is the number of parts repairs for the 
period of its service;

– is the number of insurance fund sets 
per machine. 

                                                   

n m M /100,
      (3) 

where – is the rate of consumption of this 
part for 100 vehicles per year. 
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The required amount of materials for the repair, 

be determined in accord a nce with the available 
regulations according t o  the following formula          

The annual requirement of the economy in the 

formula [3, 6]

                                         

Q         (4) 

where – is the required quantity of materials, 
kg, pcs., etc.;

– is an annual program of this type work;. – is the rate of consumption of this type 
of material per machine.  

                                         

Q
1000                     

(5) 
where – is the annual fuel consumption, t;. – is a correction factor that takes into ac-

count the additional fuel consumption, con-
nected with the inclination and roughness of 
the surface of the plots, passages, preparation 

         

– is the volume of i work, ha, t, etc.;
– is the fuel consumption per unit of per-

formed work, kg/ha, kg/t, etc.
 

In the absence of more reliable data, the val-
ue . would be approximately accept as . =
1,05 ... 1,08. The values of and are ac-
cepted accordingly of the flow charts and the 
norms of production and consumption of fuel for 
mechanized work.              

According to the is determined required 
capacity of fuel storage tanks, m³       

         

xV Q       (6) 

where – is the coefficient, taking into account 
the necessary production stock of oil products;

– is the density of fuel. 
For diesel fuel and petrol, respectively, we can 
accept the average values =825 kg/m³ and 

=700 kg/m³.           
The numerical value of depends on the 

conditions for the delivery of oil products to the 
farm and would vary from 0.1 up to 0.5. Averag-
ing for common farms would be accepted as  =
0.15 ... 0.20.           

The need for fuel for the month, season, etc. 
would be calculated by the formula (5).            

The general principles of the organization of 
the engineering and technical service described 
are also valid for the newly created machine and 

is continuously growing throughout all Georgia, 
and whose main tasks are: rendering services in 
the production of mechanized works; processing 
of agricultural products; provision of equipment 

of maintenance, including maintenance and repair 
of equipment; manufacture of spares; material 

of the engineering and technical service of modern 
MTS is formed on the basis of general principles of 

 

of large farms and MTS, with consent of farmers 
would also be included the farm enterprises. On the 
orders of farmers, they can be provided with the 
following types of services, either on a permanent 

implementation of mechanized activities for the 
production and realization of agricultural products; 

of machinery, etc. All these services are possible 

represents the fundamental principle of a market 
economy.

Conclusion

production directions rational supply of its 
functioning by material and technical means, in 
particular the appropriate machinery, replacement 
working bodies of machines and spares, materials 

engineering and technical management of all 
production processes, represents the determinative 
factor of the whole activity and functioning of the 
economy, not depending on its production scale.

Rational organization and professional 

of agricultural technological processes represent a 

results.
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throughout the research. From this perspective it is important to measure the sizes of the slices cut from the soil and to identify the 

machine, as well as to the rotating numbers of the operating equipment. At the same time during the planning of the working equipment 

of the working equipment.

Keywords: Rotary tiller, Rotary hoe, Modeling, Soil, Strain, Deformation.

Introduction

Soil cultivating machine with rotating equipment 

favorable conditions for the growth and development 
dynamics of the ferments vital for plants growth at 

Thus, the soil reclamation with the rotary hoe has 

conditions of the crops growth and development 

properties and on the improvement of water and 
nutritional regime conditions in crops.

Application of rotary tillers promotes the 

tillers are used in such conditions, where no other 
alternative is left. When cultivating the soil with 
rotary hoes the soil looseness holds well for a long 
time.  Sometimes the depth of rotary tillage amounts 

depth of 30 cm. This is accounted for the vibration 

recommended to design it through software and to 
model its process.

It is relevant to implement the design works 
of the rotary tiller by means of SOILDWORKS 
software development kit, which has an opportunity 

in the ANSYS Workbench software package, which 

and it should be implemented through the design of 

National Agrarian University of Armenia, 74, Teryan Str., Yerevan, 0009, Armenia
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items intermittently. 
The soil is also designed separately as a solid 

soil interactions/ratio through its modeling and 

on, in order to model the soil inhomogeneity 
it will be possible to design several parts of the 

interaction when the latter passes along the 

As it is known the rotary tiller implements 
two types of movements: forward/linear and 
rotating. During the modeling process forward/
linear movement velocity is conveyed to the soil 
cultivating machine, while the working equipment 
is provided with rotational movement velocity. 

out numerous measurements, which can serve as a 
base for the further improvement of the working 
equipment.

particles of the solid unit to which the parameters 
of the unit is attributed. Thus, the interaction of the 

the analysis of the problem, depending on the tasks 
and the required precision it is possible to decrease 

whereupon receiving the needed precision rate of 
calculations.

The aim of research

The aim of the current research is to simulate the 
interaction of the rotary tiller with soil.

          
The object of research

of soil – working equipment in the simulation 
environment.

For this purpose rotary tiller designed through the 
software of Solidworks has been introduced into the 
software environment of ANSYS Workbench, the sizes 

the soil through rotary tiller is introduced in Fig. 1.

that as a result of cutting with the rotary tiller the 
soil deformation is higher than the geometrical 

is accounted for soil adhesion/coherence and 
the vibratory character of the rotary tiller. The 
longitudinal deformation is higher than the sum 
of the longitudinal  sizes of oppositely arranged 
longitudinal blades, while the vertical deformation 
is higher than the length of blade.

 

Fig. 1.
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———— Soil strain below the spike wedge  

———— Soil strain above the spike wedge 
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Fig. 2.

While considering the soil– working equipment 

the diagram of which is introduced below Fig. 2
Strain is the relation/ratio of deformation with 

the initial length of the unit or it is the relation of the 

The diagram shows that at the moment when 

cutting it is getting lower. This means that at the 
accessing moment of the working equipment 

working equipment in the rotary tiller it is vital to 

sharpening angle, the blade form, etc. 

Conclusion

1. During the design of the working equipment 
it is possible to obtain functional relations 
between various parameters and through 

of the working equipment.
2. 

moment of the blade, which should serve as 
the main indicator for the improvement of the 
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amount of nutriment ration ensured the normal health condition and maiantained the level of  reproductivity ability. As a result we 

be considered acceptable dynamic in the conditions of Georgia. As for bringing arterial pulse and breathing rate to norm – it became 

Keywords: 

Introduction

urgent problem in Georgia for a long time which 

implementation of various necessarry activities 
in line with breeding and adaptation of intensive 

breed cattle is in the center of attention, it is the 

milking forms, with the special form and location of 
udders which despite the capacity is located higher 

quality of its intensive growth and development as 

well as big capacity of milking which is achieved 

million of cattle of high capacity.   In Europe the 
improvement of the breed is implemented according 

cattle which produces around 1 billion kg of milk 
annually which fully meets the needs of local 
population on milk and milk products and a part of 

breed cattle in Georgia.  Due to the peculiarities 

Agricultural University of Georgia, 240, David Aghmashenebeli Ave., Tbilisi, 0159 Georgia
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disorders causing negative results is revealed.  

capacity it is necessary to create conditions which 

natural environment is very important. In general 
the genetically predetermined norm of reaction of 

limits. It is noteworthy that in some cases the 
ignorance of adaptation peculiarities impeded the 

imported in our country.   Out of this number 2170 

in Kakheti region.  It should be mentioned that the 
breeding of Hosltein cattle in Kakheti intensive 

and there are no corresponding recommendations 

peculiarities of it in the new environmental 

hand, in order to reveal the high genetic qualities of 
this breed, it is necessary to create such conditions 
which fully correspond to its genotype.  

Goal and Methodology of the Research

conditions of Kakheti region.   To accomplish the 

Consequent from the research goal the observation 
was conducted over the whole herd as well as over 
the breeding and development of locally reproducted 

accomplished zoo technical analysis of the food. 
Consequent from the mentioned goals the 

following results were obtained in the period of the 
research:  
• 

• 

• Study of the nutritiousness of the nutriments; 

• Dynamics and calculation of average daily 
weight gain of heifers; 

Results and Analysis 

Development of peculiarities of an organism 

conditions.    When we are talking about the 

conditions we agree to take into consideration the 
fact that any dislocation of animals is accompanied 
by negative results. Environment is the basic 
limiting factor of revealing genetic capacities of 

which results in the whole set of physiological 
disorders causing decrease in reproductivity, 
growth intensity, milking productivity, period of 

natural and economic conditions and biological 

relevant technological methods in cattle farming 

nulliparous and primaparous cows the whole set 
of problems related to feeding and breeding arose.  

the technological process was improved. 

adaptation to new environmental conditions which 

the important criteria which characterize the 
quality of adaptation and its maintenance in the 
given environment are growth and development, 

that the imported animals are less adapted to 

the high temperatures by nonporous speices by 
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parous cows. The body temperature of nonporous 
cows in the morning under the condition of 200

temperature was 38,80

of prim parous cows varied from 38,2 to 38,40

under the condition of 300

temperature of nonporous cows increased by 0,80

0

nonporous cows. 
In line with it we revealed the number of visually 

observed problems such as saliva foam formation 

loss of the cattle The conducted zoological analysis 
of the feed and its ingredients revealed: 

• The protein content is low;
• 

40%
• 

• The ration contains big number of 

• 
the energy content in the ration which in turn 
causes the reduction of the milking;  

• The corn grains in silage is not powdered 

• 
Unbalanced feed of cows, the use of concentrates 

of evaporating fatty acids and their correlation. As 

a result of it the ethanoic acid decreases to 40%, 
propionic acid is increased by 40%.  The decrease 
of ethanoic acid in its turn causes the following: 
decrease of milk and fat formation, toughening 
of active champing, decrease in saliva formation. 

results in increase of acidity which, in its turn, is 

is known that the quality and volume of the feed 

the productivity, health and reproductive capacity of 

In parallel we observed the breeding of the 
calves.   We selected 12 units of the same age based 
on the  analogy. It is known that the correct breeding 

the mature cows at the same time the live weight of 

the indicator of the growth quality. 

Based on the capacity of the farm we tried to use 

the normal growth and development, and ensures 

The feed ration was composed of the available feed 
components with the consideration of feeding norms 
which gave us the guarantee that we receive such 
desirable weight of the animals which will meet the 

we get desirable live weight of cows in future.

 

Breathing sec. Puls sec Temperature C
August 69.2 84.4 39.4
October 26.5 56.3 38.2
Norm 18.5 65 38.5

69.2
84.4

39.426.5
56.3

38.2
18.5

65
38.5

Average Indicators of the Cattle

August October Norm

Fig. 
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Table 1.

Table 2.

Feed kg Dry substance. kg mgj Feed unit Digestable pro-
tein, kg  

milk 410 32,0 1,11 123 13,5 

concentrate 650 578,5 7,67 650 72,15 

hay 720 597,6 5,04 324 36,7 

Oat straw 430 356,9 2,45 94,6 5,59 

Silage 2070 517,5 4,76 476,1 28,98 

Green mass 3400 697,0 88,4 680 88,4 

Total 7750 2779,5 109,4 2347,7 245,32 

Age/months Standard/mass/kg 
Result in correlation 
with the standard, 

kg  

Stand-
ard/height, cm 

Result in correlation 
with the standard, 

cm 

2 75 71 83 82 

8 235-  237 112 110 

15 390- 395) 386 128 125 

22 550- 555) 520 137 134 

Holsteiner breed standard considers: live mass 
of 75 kg in 2 months of age, by the end of milk 
feed period [23]. The indicators of the tested 
heifers was 5% less than the standard.  At the age 
of 8 months the standard is 237  kg [23], which 
is 3% more than the tested heifer mass; and at 
the age of 15 months the standard is 395 kg while 
the locally bred heifers achieved 386 kg.  This 
indicator is considered a good result in Georgian 
reality but it lagged behind compared to the 
European standard. The tested heifer also showed 
retardation by 3-4% in height growth compared 
to standard.  The listed disadvantages need to 
be taken into consideration when planning 
the growth of heifers though usually these are 
ignored. 

The observation over the dunamic of 
the growth and development of the animals 
demonstrated 2-3% of retardation from the breed 

standard – live mass and whithers height.  Despite 
the above these indicators may be considered 
applicable in local conditions.  

Breathing is an unintegrated sign of life. 
The volume of oxygen in the organism of cattle 
is limited thus it requires to get oxygen from 
the environment. The dynamic of respiratory 
movements demonstrated that the respiration 
frequency is directly related to the age. It is 
similar to puls frequency variability – the highest 
indicator is registered at birth and it dicreases 
with the age which varies within the norm.

According to the literature data the body 
temperature of animals is almost permanent and 

animals).  Apart to the temperature the puls of 
animals and especially the breathing frequency 
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Age, month Temperature Pulse Respiration frequency 

At birth 

 months 

 months

 months

 months

Test period Frequency of Arterial 
Pulse 

Breathing Frequency 

Pregnancy months

Pregnancy months

First parturition 

Table 3.

Table 4.

The puls frequency of the tested six to nine 
months pregnant nulliparous cows  showed the 
puls frequency increase by 13 beats (11.9%).  The 
puls increase to 85 beats per minute during the 

period than in the second half and especially 
compared to the parturition. The results of the 
respiration frequency data analysis are similar 

imported animals.  Due to the bad ventilation of 

of animals at water places, saliva formation, foam 

mentioned the recirculation fans were montaged 

The body temperature of an animal is the 

gives clear picture of its organism condition.   In 
hot weather the evening temperature of the cattle 

degrees increase of the body temperature is the 

sign of pathology.   The body temperature during 
the parturition is particularly worthy attention. 

of thte environment on the body of a newborn calf, 
later the temperature may slightly change though 
it varies within the physiological norm limits. As 
for the heart contraction frequency, i.e. puls – it is 
periodic rythmal blood vessels widening which is 

the one cycle of the heart. Particularly high puls 
was detected in claves during the parturition which 

it reaches 70, 20 beats a minute. Later it decreases 

copulation.  At the same time all variations of the 
indicators were within the physiological limits of 
the breed. 

 Conclusion

- 

cows. 
- The quality and volume as well as the 

correlation of nutriments in the animal feed 

consumption ration for animals to maintain  
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production and normal health and reproduction 
capacity. 

- 
in live mass and whithers height can be 
considered an applicable dynamic in Georgian 
conditions.  

- The clinical analysis and the live weight 

of the animals in the hot climate conditions of 
Kakheti region. 
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A B S T R A C T

liquid chromatography 

Atomic Absorption Spectroscopy revealed that reduced 

Keywords:

Introduction

Arthrobacter and many other members of the 
actinobacteria group are common residents of soil 

encountered in the soil environment, including 

compounds
 

heavy metal contaminated site of Georgia –Kazreti 

shown that bacteria posses the ability to reduce 
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FTIR absorption spectroscopy 

We have also shown that 
 

reduction is an enzymatically catalyzed reaction 

reduction by  151B is an 
important topic, because such bacteria could be 

the proteome of  151B and 

were conducted in a time dependent fashion and 

Materials and methods 

Bacterial Growth Conditions

Bacterial cells of  151B 

were carried out on the following groups of 
bacteria: 1. Cells without any salt addition; 2. 

2CrO4 and 
4 

made up 40 mg/l in a nutrient liquid medium. The 

in a time dependent fashion: 36, 60 and 120 hours 

without medium renewal. 

Culture growth was monitored by measuring 
optical density at 490 and 590nm. The viability was 
detected by cell growth on agar plates with a cell 

Colony Forming Units on metal containing agar 

from the nutrient medium by centrifugation 
in a Phosphate 

spectroscopy analysis.  
For determination the metal accumulation 

capacity by bacteria itself, wet biomass of bacterial 

dried cells were ashed in nitric acid, diluted with 

2-D electrophoresis and MS

Sample preparation 

The 

 

Fig. 1. 
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9M Urea, 4% Tween 40, 2% Pharmalyte, 2% 

were added and lysates were centrifuged at 15,000 
for 30 min at 4°C. 

Metal accumulation ability by bacterial proteins 
was determined by atomic absorption spectroscopy, 

Protein concentration 
 a 

Isoelectric focusing

3–10, bromophenol blue and 2% protease inhibitor. 

Equilibration 

30% glycerol, 3% SDS, and 1% DTT, followed by 

SDS Electrophoresis

Staining, Scanning, and Analysis

Images were digitalized and processed using Image 

 
151B samples were analyzed concurrently for each 

The relative intensities of protein spots coinciding 

t

p 

alkylated with iodoacetamide. Samples were then 
treated with acetonitrile, dried, and rehydrated in 

a sample vial and loaded into an autosampler for 

MS analysis

from the autosampler using 0.1% formic acid for 

and focus peptides prior to analytical separation. 

to allow elution of peptides from the precolumn 
onto the analytical column. Solvent A was water + 
0.1% formic acid in water and solvent B was 100% 

a survey scan was performed to analyse the m/z 

phase HPLC column. MS/MS spectra data were  

Arthrobacter species protein databases.
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AAS measurements

The total chromium and total zinc contents in 
bacterial proteome were measured using an atomic 

Results and discussion

2-D gel electrophoresis 

gel electrophoresis and mass spectrometry 
analyses. MS analysis was used to determine 

out initially with two pH gradients: 3.0 – 11.0 

3.0 – 11.0 pH gradient gels were concentrated 

 B. 
C. D)
observed at 60h of cultivation and all results 

time point.

 

Fig. 2. 
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The cultivation of  

 
Differently expressed proteins are involved 

in a variety of activities and functions. 
Function of 1st group proteins, expression of 
which is increased with metal treated cells, 
mostly relate to stress response reactions and 
maintenance of the cellular ion homeostasis. 
It is widely accepted that, these proteins 
also participate in protein translation 
processes, activate transcriptional factors 
and phosphorylate components of signal 
transduction systems. They can also participate 
in Zinc and Ferric ion binding processes and 
act as chaperones. (Table 1 A, B). Function 
of 2nd group proteins, expression of which 
decrease in Zn(II) and Cr(VI) treated cells, are 
mostly related to cellular energetic processes. 
These energetic processes are associated with 

cellular active transport. Functions of proteins 
from 2nd group mostly relate to the trans-
membrane transport activity, ATP binding 
and ATP-ase activity, GTP-ase activity, NADP 
binding activities. (Table 1. A-B). Availability 
of Zn to biomolecules is tightly regulated by 
binding proteins, metallothioneins (MTs) 
and Zn transporters [19]. Cysteine synthase 
is increasing in Zn treated cells (see table 1B 
second row). It is interesting to note that, MTs 
are cysteine rich proteins that bind up to seven 

labile Zn fraction to cellular compartments. 
MTs are induced during oxidative stress, 
scavenge reactive oxygen species (ROS) and 
reduce heavy metal intoxication [12, 11]. Thus 
the increase in Cystein synthase could stabilize 
the necessary conditions for MTs homeostasis. 
Chromium and Zinc concomitant action 
causes the strongest oxidative stress in the 
case of A. globiformis that is demonstrated by 
the increased activity of superoxide dismutase 
(SOD) and catalase [13]. 

Table 1 A.

 
## Proteins Direction 

of 
changes 

Molecular/biological functions 

1 Succinate--CoA ligase 
 

ATP binding, metal ion binding, succinate-
CoA ligase (ADP-forming) activity 

2 Peptidyl-prolyl cis-
trans isomerase 

 
peptide binding, peptidyl-prolyl cis-trans 
isomerase activity, unfolded protein binding 
(chaperone function) 

3 2'-5' RNA ligase 
 

Ligase activity 

4 Phage shock protein A 
(PspA) family protein 

 Not given 

5 Alanine 
dehydrogenase 

 alanine dehydrogenase activity 

6 Probable xylitol 
oxidase 

 
D-arabinono-1,4-lactone oxidase activity, 
flavin adenine dinucleotide binding 

7 UncharacterizedN-
acetyltransferase 
BWQ92_22005 

 
Proton donor and acceptor 

8 50S ribosomal protein 
L25- 

  * Structural constituent of ribosome, 5s rna 
binding-participates In translation 
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9 Cysteine synthase   * Cysteine synthase activity 

10 
 

DNAstarvation/station
ary phase protection 
protein 

  * 
Ferric ion binding, oxidoreductase activity, 
oxidizing metal ions, cellular ion homeosta-
sis, response to stress 

11 Chorismate mutase 
OS=Arthrobacter sp   * 

Prephenate dehydratase (pheA) L-phenylal-
anine biosynthetic process 

12 GntR family 
transcriptional 
regulator 

  * catalytic activity, DNA binding, DNA bind-
ing transcription factor activity, pyridoxal 
phosphate binding 

13 Response regulator 
receiver protein 

 * phosphorelay signal transduction system, 
regulation of transcription, DNA-templated,  
protein-glutamate methylesterase activity, 
chemotaxis 

14 Putative periplasmic 
membrane protein 

 * metalloendopeptidase activity, zinc ion 
binding, chaperone-mediated protein fold-
ing 

15 LSU ribosomal protein 
L25P 

  * Ribonucleoprotein, Ribosomal protein 

16 Uncharacterized 
protein   * 

ATP-ase activity, transmembrane transport, 
Lipase activity, lipid metabolic process, 
outer membrane component,  

17 Avirulence D protein 
(AvrD)   * 

Non predicted  

18 Chlorite dismutase  Non predicted 

19 Oxidoreductase(electro
ns transfer from donors 
to acceptors) 

 choline: oxygen 1-oxidoreductase activity 

20 ABC transporter 
substrate-binding protein 

 ATP-ase activity, ATP binding, trans-membrane 
transporter activity 

21 Ketol-acid 
reductoisomerase 
(NADP(+)) 

 Ketol-acid reductoisomerase activity, metal 
ion binding, NADP binding, isoleucine bio-
synthetic process, valine biosynthetic pro-
cess, Branched-Chain Amino acid biosyn-
thesis, Mg-binding  

22 Sugar ABC transporter 
substrate-binding 
protein 

 ATP-binding cassette (ABC) transporter 
complex 

23 Amino acid ABC 
transporter substrate-
binding protein, PAAT 
family 

 Ionotropic glutamate receptor activity, ni-
trogen compound transport, 

24 Nicotinate 
phosphoribosyltransfer
ase 

 Transferase activity, transferring glycosyl 
groups, nucleoside metabolic process 
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23 Amino acid ABC 
transporter substrate-
binding protein, PAAT 
family 

 Ionotropic glutamate receptor activity, ni-
trogen compound transport, 

24 Nicotinate 
phosphoribosyltransfer
ase 

 Transferase activity, transferring glycosyl 
groups, nucleoside metabolic process 

25 MarR family 
transcriptional 
regulator 

 DNA-binding, DNA- binding transcription 
factor activity, transcription DNA templated 

26 Elongation factor G   GTP-ase activity, GTP binding 

27 Putative tricarboxylic 
transport membrane 
protein 

    Integral component of membrane, outer 
membrane- bounded periplasmic space 

28 SPG23_c14, whole 
genome shotgun 
sequence 

     DNA binding, phosphoreley signal transduc-
tion system, regulation of transcription, 
DNA-templated,  

29 tRNA pseudouridine 
synthase A 

     tRNA processing, Isomerase, RNA binding, 
tRNA pseudouridine synthase activity, 

30 Putative tricarboxylic 
transport membrane 
protein 

     Integral component of membrane, outer 
membrane-bounded periplasmic space 

31 C4-dicarboxylate ABC 
transporter substrate-
binding protein 

     ATP-binding, sequence specific DNA bind-
ing, transcription factor binding, phosphore-
ley signal transduction system, regulation of 
transcription, DNA-templated,  

32 Citrate synthase      Citrate (Si)-synthase activity, tricarboxilic 
acid cycle 

33 Carbohydrate ABC 
transporter substrate-
binding protein, CUT1 
family 

     Integral component of membrane 

34 Transaldolase      Sedoheptulose-7-phosphate: D-glyceralde-
hyde-3-phosphate glyceronetransferaze ac-
tivity, carbohydrate metabolic process, pen-
those phosphate shunt 

35 ATP synthase subunit 
beta 

     ATP binding, proton-transporting ATP syn-
thase activity, rotational mechanism, ATP 
synthesis coupled proton transport 

36 ATP-binding transport 
protein NatA 

     ATP ase activity, ATP binding 

37 Type I restriction-
modification enzyme 
subunit S 

    Not given 
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38 Methionine 
aminopeptidase 

    DNA binding, metal ion (divalent metal cat-
ions) binding, metalloaminopeptidase activ-
ity, positive regulation of transcription, DNA 
template, protein initiator methionine re-
moval, regulation of DNA replication, 

39 ATP synthase gamma 
chain 

 ATP binding, proton transporting ATP syn-
thase activity,  

40 Signal transduction 
protein 

 ATP binding, hydrolase activity, phosphore-
ley sensor kinase activity, integral compo-
nent of plasma membrane 

41 Nitroimidazol 
reductase NimA,  

 cofactor binding 

 

## Proteins Direc-
tion of 
changes  

Molecular/biological functions 

1 50S ribosomal protein 
L25- 

 * Structural constituent of ribosome, 5s rna 
binding-participates In translation 

2 Cysteine synthase 
 * 

Cysteine synthase activity 

3 DNAstarvation/stationary 
phase protection protein 

 * Ferric ion binding, oxidoreductase activity, 
oxidizing metal ions, cellular ion homeosta-
sis, response to stress 

4 Chorismate mutase 
OS=Arthrobacter sp 

 * Prephenate dehydratase (pheA) L-phenylal-
anine biosynthetic process 

5 GntR family 
transcriptional regulator 

 * catalytic activity, DNA binding, DNA bind-
ing transcription factor activity, pyridoxal 
phosphate binding 

6 Response regulator 
receiver protein  * 

phosphorelay signal transduction system, 
regulation of transcription, DNA-templated,  
protein-glutamate methylesterase activity, 
chemotaxis 

Table 1 B.

7 Putative periplasmic 
membrane protein  * 

metalloendopeptidase activity, zinc ion 
binding, chaperone-mediated protein fold-
ing 

8 LSU ribosomal protein 
L25P  * 

Ribonucleoprotein, Ribosomal protein 

9 Uncharacterized protein  * ATP-ase activity, transmembrane 
tranbsport, Lipase activity, lipid metabolic 
process, outer membrane component,  

10 Avirulence D protein 
(AvrD) 

 * Non predicted  
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11 Ribonucleoside-
diphosphate reductase 
subunit beta 

  metal ion binding, ribonucleoside-diphos-
phate reductase activity, thioredoxin disul-
fide as acceptor, Binds 2 iron ions per subunit 

12 Acylpyruvate hydrolase 
 

  hydrolase activity 

13 Zn-dependent hydrolase   metal ion binding, metalloendopeptidase ac-
tivity, ribonuclease P activity 

14 Succinyl-CoA ligase 
[ADP-forming] subunit 
alpha 

 ATP binding,metal ion binding, succinate-
CoA ligase (ADP-forming) activity, ATP + 
succinate + CoA = ADP + phosphate + suc-
cinyl-CoA. Binds 1 Mg2+ ion per subunit 

15 Short-chain 
dehydrogenase/reductase 
SDR 

 oxidoreductase activity 
aspartic-type endopeptidase activity 

16 Superoxide dismutase 
 

 metal ion binding, superoxide dismutase ac-
tivity,Binds 1 Fe cation per subunit, 2 super-
oxide + 2 H+ = O2 + H2O2 

17 ABC transporter 
permease 

 antibiotic transmembrane transporter activ-
ity, ATPase activity,ATP binding, efflux 
transmembrane transporter activity, Con-
fers resistance against macrolides 

18 Ribosome-recycling 
factor 

 translation, translational termination, Re-
sponsible for the release of ribosomes from 
messenger RNA at the termination of pro-
tein biosynthesis 

19 LacI family 
transcriptional regulator 

 alanine racemase activity, DNA binding, 
regulation of transcription, DNA-templated, 
transcription, DNA-template 

20 ATP-dependent DNA 
helicase RecG 

 ATP binding, ATP-dependent DNA helicase 
activity, nucleic acid binding, DNA recom-
bination, DNA repair 

21 D-isomer specific 2-
hydroxyacid 
dehydrogenase, NAD-
binding protein 

 4-phosphoerythronate dehydrogenase activ-
ity, NAD binding, protein dimerization ac-
tivity 

22 LysR family 
transcriptional regulator 

 DNA binding, DNA binding transcription 
factor activity 

23 Alpha-hydroxy-acid 
oxidizing enzyme 

 (R-pantolactone dehydrogenase (flavin) ac-
tivity, FMN binding, oxydoreductase, Flavo-
protein, FMN, 

24 Uncharacterized 
lipoprotein YufN 

 Component of cellular membrane,  
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out by chromate reductases, enzymes belonging to 

2+

regulatory, and catalytic roles in a range of proteins. 
However, this nutrient can neither be synthesized 
nor degraded and individual cells need to be 

apparent that the ability of commensal organisms 

is primarily used as a metalloenzyme cofactor with 
a total concentration in the 0.1–1.0 m

human proteins, and well over 300 enzymes are 

should be defended according the special metal 
sensors, which should 

proteins 
of genes that encode metal transporters and other 

of a small number of genes required to adapt to 

free metal

overlaps the promoter, thus allowing unfettered 
access by RNA polymerase to transcribe the genes 

transcriptionally repressed by the apo form of the 

free metal

AAS Analyses

AAS measurements have revealed that portion 

.  151B cells, are bound to bacterial 

in the proteome of 

after 120 hour growth, when bacterial medium 

Chromium content in proteins is decreasing after 

growth phase, after 120 hour, Chromium content in 

 

Fig. 3.
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on both: protein or bacterial levels. Samples were 
made according to abovementioned design: same 

bacterial ability for Chromium accumulation Fig. 4 

3A. and the concentration of proteins with bound 

action enhances Chromium accumulation in bacteria 

chromium content in proteome tends to decrease 

Conclusion

Remarkable changes in bacterial proteome 
were associated with metal-binding proteins and 
proteins involved in active transport. Experiments 
with atomic absorption spectroscopy revealed 
that reduced chromium appears mostly associated 
with organics: especially with bacterial proteins. 
Zinc(II) ions enhances bacterial ability for 
Chromium accumulation. Zinc(II) also increases 
reduced Chromium-protein connections and 
their content increases after time (for 120 hour).
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A B S T R A C T

It has been proved that PDT prevents the leaching of ammonium and nitrate ions from the soil, which is very important for the reduction 
of the nitrogen loss from the nitrogenous fertilizers and for the environmental protection; it also promotes the increase of phosphorus 

Keywords:

Introduction

Among the mineral fertilizers used in the 
agricultural production the potassium fertilizers 
also make a certain amount. Potassium chloride is 
mainly used which is derived from Sylvinite. But 
the mentioned mineral variety is not found in many 
countries, also in the republic of Armenia. 

Potassium chloride also contains 47 % chlorine, 

the varieties of potash fertilizers and the base of 

have disclosed that it is possible to obtain potassium 

moreover, they have revealed that it is possible 
to realize this process through ecologically safe 
methods. The derived fertilizer is allowed to be used 
in organic agriculture as well. The fertilizer contains 
plants available potassium, as well as calcium, 
magnesium, phosphorus, silicium, which penetrate 
into the soil solution gradually and that is why they 

500 %water and due to this property it temporarily 
absorbs the humidity from the environment, which 
the plants use gradually. It is obvious that it is 
particularly prioritized for the agriculture in dry 

which the loss of nitrogen and other nutrients 

endowed with the ability of absorbing the heavy 
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use of soil humidity and nutrients by the plants, it 
also contributes to the increase of plants available 
phosphorus and potassium, which takes place at 

soluble compounds and the opportunity to reduce 

potassium fertilizers or to improve the plants 
nutrition with phosphorus, particularly in the soils 

The impact of the fertilizer maintains in the soil 
for several years, thus it is possible to apply it in the 

Objectives and methods

The  of the research is to  out the 
agro chemical  of the fertilizer dacite 

of slow and long lasing  containing 
potassium, calcium, magnesium, Silicium and 
phosphorus  from the potassium rich 
alumino silicates and its  on the  
of spring barley  comparing it with 
potassium chloride.

The   have been conducted in 
dry  and  zones non irrigated of RA 
in three repetitions, the size of an  bed 
is 50 m2 , they were implemented by the following 
scheme:

1. 
2. N90P90
3. background+K90
4. background +K90

NH4NO3 2 4 2 
.H2O, KCl and the 

in the ANAU greenhouse in four repetitions by the 
following scheme /the holding capacity of a vessel 

2 is equal to 0,2 g  N per 1 
kg soil, P2 –is equal to 0,2 g P2O5, K1 2O,K2
is 0,2 g K2Oper 1 kg soil. Ammonium saltpeter, double 

potassium chloride have been used. The processed 
2

2O5 2O3
SiO2 2

Results and analyses

and low humus content, which is weakly provided 
with nitrogen and phosphorus and well provided 

Hatsashen community of Aragatsotn region were 
carried out in the brown carbonated soils which are 
poor in humus and poorly provided with nitrogen and 
averagely provided with phosphorus and potassium 

implemented in the carbonated black soils, where the 

are weakly provided with plants available nitrogen, 

application of KCl and PDT on N90P90background is 
remarkable on the growth, yield capacity and chemical 
composition of the grain of the spring barley in all 

variant of the fertilization.

Sampling site 

H
um

us
, %

  

pH 

 

EC 

 

CaCO3 

% 

Ph
ys

ic
al

 c
la

y,
  

%
  

Available nutrients, 

mgin100 g soil 

N P2O5 K20 

Kotayk region 
Arzakan community 

3,11 7,1 0,12 3,5 52,1 3,5 1,5 40,7 

Aragatsotn re-
gionHatsashen commu-
nity 

2,85 7,3 0,20 8,6 54,8 2,6 3,1 33,1 

Shirak region 
Artik province 

4,45 7,1 0,29 1,4 63,6 4,1 1,6 17,5 

 
1. Without fertilization (control)
2. N2P2 (background) 
3. background+K2(KCl) 

4. background+K1(PDT) 
5. background+K2(PDT) 

 

Table 1.
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So, we can see that the plants growth, weight of 
the grains in an ear and the yield capacity is lower 
in control variant. Only in case of nitrogen and 
phosphorus application the yield has increased by 

which is rather high in Artik province making10,9 

high precipitation rate and low soil fertility in the 

In case of using potassium chloride or PDT on 

variant of N90P90K90 

N90P90K90 

ofN90P90  

90 

of the water amount spent for getting a yield unit, 

from the precipitations, as well as it promotes the 
increase of the available phosphorus and potassium 

The use of the fertilizer has also promoted 
the increase of the amounts of the main nutrients 

improvement of plants nutrition particularly with 
phosphorus and potassium. 

 

V
ar

ia
nt

s 

Arzakan community Hatsashen community Artik community 

Pl
an

ts
 h

ei
gh

t, 
cm

 

W
ei

gh
t o

f g
ra

in
s 

in
 a

n 
ea

r, 
g.

 

G
ra

in
 y

ie
ld

, c
/h

a 
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ts
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t, 
cm

 

W
ei

gh
t o

f g
ra

in
s 

in
 a

n 
ea

r, 
g.

 

G
ra
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ld

, c
/h

a 

Pl
an

ts
 h

ei
gh

t, 
cm

 

W
ei

gh
t o

f g
ra

in
s 

in
 a

n 
ea

r, 
g.

 

G
ra

in
 y

ie
ld

, c
/h

a 

1. 43 0,65 15,2 37 0,51 14,5 49 0,81 22,6 

2. 48 0,81 23,1 44 0,66 20,2 56 1,10 33,5 

3. 49 0,83 24,0 43 0,70 21,6 58 1,18 37,2 

4. 51 0,92 27,6 45 0,78 24,9 61 1,27 41,3 

Table 3.

Table 2.
 

 

Variants 

Arzakan community Hatsashen community Artik community 

N 

 

P2O5 

 

K2O N 

 

P2O5 

 

K2O N 

 

P2O5 

 

K2O 

1. 1,42 0,56 0,44 1,53 0,47 0,43 1,38 0,39 0,41 

2. 1,73 0,72 0,40 1,79 0,58 0,41 1,80 0,59 0,37 

3. 1,75 0,70 0,55 1,76 0,53 0,54 1,85 0,74 0,48 

4. 1,81 0,87 0,67 1,79 0,87 0,70 1,87 0,90 0,67 
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V
ar

ia
nt

 

Periods of Analyses 

3-leaves-
growth 
stage 

5-6-leaves 
growth stage 

Ear-formation 
stage of the 

growth 

Milk maturation 
stage 

The total during  
vegetation 

1. 0,11 
0,17 

0,07 
0,04 

0,02 
0,01 

n/a 
n/a 

0,20 
0,22 

2. 2,45 
5,76 

1,02 
2,84 

0,13 
0,31 

0,07 
n/a 

3,67 
8,91 

3. 2,40 
5,79 

1,16 
2,67 

0,10 
0,28 

0,08 
n/a 

3,74 
8,74 

4. 0,35 
2,13 

0,13 
0,76 

0,02 
0,18 

n/a 
n/a 

0,50 
3,07 

5. 0,21 
0,76 

0,07 
0,58 

0,02 
0,10 

n/a 
n/a 

0,30 
1,44 

2P2 2 

2

of Talin region. The mechanical composition of 

carbonates made 8,6 %, the plants available nitrogen 
made 2,6 mg N, phosphorus content was 3,1 mg 
P2O5, potassium was 33,1 mg K2O, in 100 g soil. 
According to these data the soil is poor in nitrogen 
and is averagely provided with phosphorus and 

chloride on the mitigation of the loss of nitrogen 

the nitrogenous fertilizers inserted into the soil, 
as well as the comparative impact on the growth 

should be mentioned that in the production due to 
the reduction of nitrogen loss from nitrogenous 

was determined. The results show, that up on the 
application of PDT, the loss of       and        ions 
from the soil is considerably mitigated. So, in the 

is minimal and this is related to the low content 
2P2variant, 

where NH4NO3was used as a nitrogenous fertilizer 

loss rate was observed when potassium chloride on 
the background of N2P2 2P2K2 

background of N2P2the nitrogen loss considerably 

a result the plants growth and yield capacity have 

table in the variant of N2P2K2 
has made 16,5 g, which is higher than the control 

2P2 variant it is 
2P2K2 

yield was resulted in the variant where PDT was 
used on the background of N2P2 .

Table 4. 
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Table 5.

V
ar

ia
nt

s Plants height 

cm 

The number of 
grains in an ear,  

n 

The weight of 
grains in an 

ear, g 

yield, g./ 
vessel 

The weight 
of thousand 

grains, g. 

1. 39 15,0 0,60 8,9 39,6 
2. 47 21,4 0,90 13,5 42,0 
3. 47 23,1 0,97 14,6 42,1 
4. 48 22,9 0,97 14,5 42,3 
5. 48 25,9 1,10 16,5 42,4 

Conclusion

1. 

production, which is resulted through the 

the potassium, calcium, magnesium and 
phosphorus of the mineral turn into the 
plants available forms and penetrate into 
the soil solution gradually.

2. 
conditions of RA PDT provides grain yield 

chloride in case when PDT is used on the 

3. 

prevents nitrogen leaching from the 
nitrogenous fertilizers introduced into the 

N2P2and N2P2K2 
4. 

on the background of N2P2 the surplus of 
the grain yield ofspring barley makes 3.0 g. 

2P2variant and 1,9 g 
2P2K2 
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A B S T R A C T

usageof a particular minibus operating on a 
particular route in Armenia.Regression equations were developed that show the dependence of the tire usage on the internal tire 
pressure and wear. usage. The 

usage are the density of tire tread sipes and 

Keywords: Tires, Mileage, Weight, Internal tire pressure, Depreciation pattern, Tread height.

Introduction

Armenia are imported from Russian manufacturers 
in Russia and the recommended maintenance 

climate, and usage conditions in Armenia. Our 

tire pressure and usage conditions required for 

tire usagewere the density of tire tread sipes and the 

radial model tires include tire tread pattern wear, 

real operating conditions.

Objectives and Methods

during actual operation, the weight of the front 
and rear tires were measured for the same mileage 
values.The 
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Number of 
tests Mileage, L

Tread height, h,mm

P=2 8 P=3 0 P=3 2
1

12000

8.984 8.671 8.898
2 8.880 8.800 8.740
3 8.778 8.930 8.584

average 8.881 8.800 8.741
1

36000

5.997 5.003 4.998
2 5.212 5.477 4.864
3 5.600 5.200 4.930

average 5.603 5.227 4.931
1

60000

2.263 1.739 1.693
2 2.090 1.870 1.810
3 1.920 1.999 1.925

average 2.091 1.869 1.809

 

Number of 
tests

Mileage, L
Weight, m,kg

P=2 8 P=3 0 P=3 2

1

12000

23.420 23.352 23.062
2 23.324 23.241 23.159
3 23.230 23.130 23.258
average 23.325 23.241 23.160
1

36000

21.842 21.368 21.430
2 21.550 21.611 21.210
3 21.700 21.486 21.322
average 21.697 21.488 21.321
1

60000

20.401 20.121 20.168
2 20.280 20.170 20.088
3 20.155 20.220 20.006
average 20.279 20.170 20.087

Table 1.

Table 2.
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Table 3.

Table 4.  

        

   

where`     is the free term, ib is the linear impact 

k is the 
number of factors.

x
h

Factor levels and transformationintervals are 
given in Table 3.

to determine actual tread height and weight 
of215/75R16C Radial model tiredepending on 

0b
ijb

ijb

,
1

2

1,1
0

k

i
iii

k

ji
jiij

k

i
ii xbxxbxbbY

Factor level and transformationinterval
Factors studied

Pressure, P Mileage, L

Code naming X1 X2

Zero level, 0ix 3 36000

Transformation interval, ix 0.2 24000

Lower level, 1minx 2.8 12000

Upper level, 1maxx 3.2 60000

N°
True value of factors Coded value of factors Tread height, h,

mm

P L, km X1 X2 ih

1 2 3 4 5 6
1 3.2 60000 1 1 1.809
2 2.8 60000 -1 1 2.091
3 3.2 12000 1 -1 8.741
4 2.8 12000 -1 -1 8.881
5 3.2 36000 1 0 4.931
6 2.8 36000 -1 0 5.603
7 3 60000 0 1 1.869
8 3 12000 0 -1 8.800
9 3 36000 0 0 5.227
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Table 5.  

N°
True value of factors Coded value of factors Weight, kg

P L X1 X2 m
1 2 3 4 5 6
1 3.2 60000 1 1 20.087
2 2.8 60000 -1 1 20.279
3 3.2 12000 1 -1 23.160
4 2.8 12000 -1 -1 23.325
5 3.2 36000 1 0 21.321
6 2.8 36000 -1 0 21.697
7 3 60000 0 1 20.170
8 3 12000 0 -1 23.241
9 3 36000 0 0 21.488

Results and analysis 

As a result of mathematical processing of 

equations were developed:

showing the change of tread height and weight 
of 215/75R16C Radial model tires weremade 
depending on vehicle mileage and air pressure in 

Under real operating conditions the vehicle tire 

to surface irregularities including cutting and 
As a result of this 

interaction, as well as tire gyration, braking and 
acceleration; the tire tread sipes are worn unevenly. 
Therefore, the measurement error of the sipe height 

using the tread height, it is advisable to weigh the 
tire and determine the weight loss caused by tire 
wear. Internal tire air pressure was measured on a 

pressure. Tire pressures were measured and it was 
measured on a daily basis after the minibus was 
retired at the end of the day and was brought to 
the recommended pressure less 4%.In addition, the 
impact of the temperature increase on the internal 
pressure due to tire operation was not considered 

- for determining tread height of 
215/75R16C Radial model tire

(2)

- for determining weight of 215/75R16C 
Radial model tire

(3)

2
221 208.0X532.1X122.0641.21m(X) X
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developed as a result of the mathematical processing 
of the results obtained from measurements taken 
during mini bus operation:

- For measuring weight of rear tire

- For measuring weight of front tire

showing the weight change of front and rear tireswas 
made depending on vehicle mileage and air pressure 

Conclusion

optimal pressure conditions.
the tire inner pressure is within recommended 
limits, the weight of rear tire is 21.872 kg in case of 
36000 km, while in case of 48000 km, the weight 

tire tread wear tends to be minimal under optimal 

in tire weight loss is 3 to 7%, while the average tire 
tread wear in comparison is within 5%.

The analysis of regression equations, developed 

operating conditions visualised with the graphs 
indicates that the tire tread wear is more intense 
in the middle of the tire compared to the rims, and 
more pronounced when measuring between 24000 
to 36000km of travel. The maintenance internal 

tire usage.
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221 589.0X418.1X114.0446.21m(x) X

                                         

(5)

2
221 529.0X579.1X168.0286.21m(x) X

(4)

20.732

20.618
20.732

20.732

21.448

20.885

20.885

20.885
21.0

21.0
21.0

21.448

21.448

22.302 22.302

22.302

23.453

23.0
23.0

23.0

23.453

Pressure (P, 10  Pa)5

  -1
(2.8)

-0.5
(2.9)

   0
(3.0)

+0.5
(3.1)

 +1
(3.2)

(48.0) +0.5

(60.0) +1.0

(36.0)  0

(24.0)  -0.5

(12.0) -1.0

M
ila

ge
(L

,1
00

0k
m

)

 

20.515
20.12520.23

20.3

20.320.515

20.515

20.03

20.0321.872

21.872
21.872

21.286 21.286

21.286

21.8
22.207

21.8
21.8

22.207

22.207

23.023.0
23.0

23.394

Pressure (P, 10  Pa)5

  -1
(2.8)

-0.5
(2.9)

   0
(3.0)

+0.5
(3.1)

 +1
(3.2)

(48.0) +0.5

(60.0) +1.0

(36.0)  0

(24.0)  -0.5

(12.0) -1.0

M
ila

ge
(L

,1
00

0k
m

)

 

Annals of Agrarian Science 17 (2019) 236 – 241P.A. Tonapetyan et al.



241

References 

[1]  
tire resource and the evaluation of their 

evaluation of minibus tire resource based on 

Khachatryan A.Ts.,Petrosyan D.P.,Elements 

of a rolling truck tyre model using an automatic 
model regeneration algorithm. International 

Olatunbosun Developments in type design 

of Mechanical Engineers, Part D: J. of 

and tomorrow. Tire Science and Technology: 

Patterns. Tire Science and Technology: 

Hartmut J. Beckedahl A.Novel Multiscale 

Related Impacts on Fuel Consumption. Tire 

       Mathematical Theory of Optimal

Yu.I., Methods of Planning and Processing the 

Data Analysis, Shipbuilding, Lion, 1980.

Processing. Recommendations, Publishing 

electronic devices, Izv. Universities 

Russian).

Annals of Agrarian Science 17 (2019)  236 – 241P.A. Tonapetyan et al.



242

Annals of Agrarian Science          

Structural and Magnetic Properties of Silver Oleic Acid 
Multifunctional Nanohybrids
S. Khutsishvilia, P. Toidzeb, M. Donadzeb, M. Gabrichidzeb*,
T. Agladzeb, N. Makhaldianib

a

Favorskogo Str., Irkutsk, 664033, Russia
bTechnical University of Georgia, Department of Chemical and Biological Technologies

Received: 15 May 2018; accepted: 19 September 2018

A B S T R A C T

by changing both the concentration of oleic acid and the residence time 0  in the organic phase. We synthesized silver nanoparticles 

DTA curves indicate the chemical nature of bond ligand in the secondary shell.This conclusion supported by quantum 
In the EPR 

Keywords:

Introduction

Silver nanoparticles is one of the important 

optical devices, cosmetics, in the pharmaceutical 

have unique physicochemical, biological properties 
that are associated with an increased ratio of surface 

area to volume. In this regard, it is necessary 
to determine the physicochemical properties of 

chemical, physical and catalytic activity.

fundamental properties, such as size, charge, 
chemical reactivity and ability of nanoparticles to 
disperse in various media.  Owing to high aspect 
ratio, metal nanoparticles tend to agglomeration, 

to loss of valuable properties inherent to building 
of blocks.  Chemisorption of organic ligand shell 
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shell interactions as well as on ligands molecules 
interaction in primary and secondary layers of the 

Experimental

The reagents 

range of 400–4000 cm  with the resolution of 0.5 
cm
technique. Size, shape and chemical composition 

samples are prepared by placing small drops of a 

 thermal 

energies calculated from OA transformation 
during the thermal decomposition, using Ozawa 

following conditions: amplitude modulation 10.0 
G, modulation frequency 100 kHz, averaged scans 

following conditions: amplitude modulation 10.0 
G, modulation frequency 100 kHz, averaged scans 

power 0.6325 mW.

nanocomposites was evaluated by atomic absorption 
analysis using a HITACHI TM 3000, detector SDD 

Preparation of sols of AgNPs.  Sols of silver 

cathode, which upon rotation crosses immiscible 
3

ions formed at the anode to discharge at the cathode 

at sites favorable for silver adatoms and inhibits the 

amphiphile OA molecules which are easily washed 

changing both the concentration of oleic acid and 
the residence time 0

allows the amphiphile surfactants to adsorb from 
the organic phase. The results of measuring the size 
of silver nanoparticles using the DLS method are 

Sample
Mass content, %

C O Ag
11.8 3.6 84.6
12.8 3.9 83.3

Table 1.
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assembles of spherical silver NPs Ag&0.25%OA by 

determined from DLS method is aveZ =15.62 nm, 
PdI= 0.15 and aveZ

FT-IR spectroscopy. The chemical bonding 

OA solutions are characterized by appearance of 
two new bounds at 1639 and 1509 cm
which are typical for the asymmetric and symmetric 

the evidence of OA bidentate bonding to silver via 

is appearance of a new peak at 1708.6cm  that is 

Concentration OA(%) Z-Average (d.nm) PdI  o  (sec) 

0.25 15.62 0.15        45 
0.50 14.95 0.14        42 
0.75 15.74       0.14        39 
1.00 16.96    0.24        36 

Table.2.

 
a b 

 

a 

b 

Fig. 1.

Fig. 2.
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TGA and DTA measurements data. The 
application of dynamic TG methods holds great 
promise as a tool for unraveling the mechanisms of 
physical and chemical processes occurred during 

of silver nanoparticles capped with oleic acid 
ligand. TGA and DTA curves of Ag&0.25%OA and 
Ag&0.75%OA samples are measured at heating rate 

TGA patterns in diluted OA solutions are 
characterized by one step mass loss (3.81%) curve. 
DTA curve measured under the same conditions 
displays exothermic peak at 287.9 0C. Corresponding 
enthalpy is 96.4 J/g. Contrary to these data, TGA 
curves measured in OA rich solutions display two 
step mass loss 9.35 % (50 – 340 0C) and 21.89 % 
(340-600 0C). Corresponding DTA curve displays 
two exothermic peaks at 276.3 and 376.5 0 . 
Calculated enthalpies are 44.22 J/g and 43.77 J/g.   
Thermodesorption aE  values have been calculated 

According to this method:
  

heating rate, T – temperature, R =  8.31J/mol·K. 
Thermodesorption  activation energies 
calculated by OFW method (Equation 1) as 
a function of the conversion  degree  (Fig. 4). 
Sharp increase in aE observed at low mass 
losses in concentrated solution indicates the 
change of desorption mechanism in bilayer 
system.

The calculation of the coating of nanoparticles 
with OA was calculated according to equation 3. 

where N is the number of oleic acid ligands per 
3  is the density of the silver, 

r= 7.2nm is the average radius of the Ag&0.25%OA 

AN  23  mol , is 

the molecular weight of oleic acid.
The number of ligands was calculated for 

Ag&0.25%OA N=1385. Assuming that the surface 
of the NPs is covered with a close packed monolayer 
of the surfactant, the surface area S occupied by the 
oleic acid ligand  A indicates the ratio of the total 
surface area of the particle to the number of oleic 
acid ligands A=0.46nm2. Considering the fact that 
the area of one molecule of oleic acid S=0.21nm2, 
percentage of silver nanoparticle surface coating 
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Fig. 5.

 

with oleic acid molecules is 45%.
Quantum-chemical simulation. Molecular 

models of free and adsorbed oleic acid at silver NPs 

potential at silver surface indicating charge transfer 

         Formation of a secondary layer in solutions 

potential at silver.  
According to quantum, chemical calculations of 

chemisorbed OA   silver ligand interaction resulted 

monolayer and bilayer OA are U1
U2

Discussion

cores have been conducted by means of TEM, DLS, 

the driving force formation of chemisorbed ligand 

1708cm

that at high OA concentration Ag NPs are capped 
by adsorbed ligand bilayers. Contrary to widely 
accepted concept on physical nature of ligands, 

enthalpies calculated from DTA curves indicates 
the chemical nature of bonding. This conclusion 
supported by quantum chemical simulation leads 
to the model of formation C=C double bonds as 

primary and secondary layers. Inversion of the 
secondary OA layer apparently originated from 

atoms.  Finally, this leads to formation of branching 
ligand network. The other important conclusion on 
the mechanism of ligand chemisorption is followed 
from variation of thermodesorption activation 

widely accepted that formation of ligand primary 
adsorbed layer follows Langmuir low, which 

predicts independence of adsorption energy from 

sharp disagreement with these assumptions. In 
contradiction to Langmuir adsorption model the 

thermodesorption activation energy with variation 
in a number of adsorbed OA molecules in a primary 
shell. To interpret activation energy patterns we have 
to account for the fact that nanoparticles surface 
formed under highly nonequilibrium conditions due 

inhomogeneity resulting in increase of adsorption 

Ea.
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a 
as OA molecules desorbed from sites with higher 
adsorption energy and simultaneous variation in 

EPR. 

wide asymmetric signal with several resonant lines 

of individual paramagnetic centers, so in the EPR 
spectra we observe not one line, but the envelope 

other parameters. The presence of nanoparticles of 

The inevitable absence of a regular periodic 

pp 
of several hundred Gauss are caused by collective 

broadening can be attributed to Korringa interaction 

with an average 

signal can also be associated with some localized 

case Ag&0.25%OA sols with the one layer of oleic 

the broad line becomes more intense with a changing 
environment due to decrease in the “shielding” of 
the nanoparticles between themselves. In addition, 
the nanoscale particles are closely located to each 

between them intensify, which also could be leads 
to an additional line broadening.

0

It is important to note that a change in the oleic 

bilayer of oleic acid, both small particles and larger 
multidomain agglomerates are found. So, the narrow 

refers to the spin resonance of conduction electrons 

broadened several times. This resonance line arises 

a b 

Fig. 6.
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The inevitable absence of a regular periodic 

pp 
of several hundred Gauss are caused by collective 

broadening can be attributed to Korringa interaction 

with an average 

signal can also be associated with some localized 

case Ag&0.25%OA sols with the one layer of oleic 

the broad line becomes more intense with a changing 
environment due to decrease in the “shielding” of 
the nanoparticles between themselves. In addition, 
the nanoscale particles are closely located to each 

between them intensify, which also could be leads 
to an additional line broadening.

0

It is important to note that a change in the oleic 

formed. Thus, in the sols, when passing from 

particles and larger multidomain agglomerates 

region of the 

cubic cells in nanoparticles with internal magnetic 

broadened several times. This resonance line arises 

where spins are oriented along the direction of the 

Conclusion

of chemically bonded ligand molecules. This 
conclusion supported by quantum chemical 
simulation which leads to the model of formation 
C=C double bonds resulting from coupling of 

layers. Desorption activation energy patterns 

with widely accepted Langmuir adsorption model. 

accounting for energetic inhomogeneity of metal 
nanoparticle surface is proposed. In the EPR 

signal with several resonant lines is recorded, 

nanoparticles. It is important to note that a change 
in the oleic acid layers of the nanoparticles seems to 

being formed. The presence of the FMR resonance 
line in Ag&0.75%OA may indicates the presence 

Acknowledgments 

Any idea in this publication is possessed by the 
author and may not represent the opinion of Shota 

The authors are grateful to the Baikal Analytical 
Center for the special measurements. Research 
completed by Khutsishvili Spartak in the framework 

Annals of Agrarian Science 17 (2019) 242 – 250S. Khutsishvili et al.



249

fundamental research of SB RAS.

References

T. Agladze,  Novel method of preparation 

nanoparticles, Int. J. Transactions of the IMF 

102.

gravimetric data, Bull. Chem. Soc. Japan 38 

292.

3O4 

3093–3097.

3O4 and     interface  

responsive Pickering emulsions, J.  Coll. Sci. 

and interactions at interfaces, Langmuir 15 

nickel nanocubes encapsulated in diamagnetic 

Kotsilkova, M.H. Delville, M. Cangiotti, A. 
Fattori, M.F. Ottaviani, EPR and rheological 

Chiroplasmonic magnetic gold nanocomposites 

Gd3+

compounds Ce La Os2

resonance of MnO2 powders, Electrochemical 

429.

magnesium and calcium small particles, 

2

electron transfer kinetics with  thiosulfate ion, 

[23] M. Kester, A. Allred, Ligand-induced 
disproportionation of silver (I), J.  American 
Chemical Society 94 (1972) 7189-7189.

[24]  S. Khutsishvili, T. Vakul’skaya, N. Kuznetsova, 
T. Ermakova, A. Pozdnyakov, G.  Prozorova, 
Formation of stable paramagnetic nano-
compositescontaining  zero-valence silver and 
copper in a polymeric matrix, J. Phys. Chem. C  

Annals of Agrarian Science 17 (2019)  242 – 250S. Khutsishvili et al.



250

118 (33) (2014) 19338–19344. 
[25]  J. McMilan, B. Smaler, Paramagnetic resonance 

of some silver(II) compounds. J. Chem. Phys. 
35 (1961) 1698-1701.

[26]  H. Moon, J. Kim, M. Suh, Redox-active 
porousorganic framework Chemie producing 
silver nanoparticles from AgI ions at room 
temperature,  Angew.Chem. Int. Ed. 44 (2005) 
1261-1265.

[27]  G.  Deligiannakis, Y. Trapalis,  C. Boukos,  N. 
Kordas,  CW and pulsed EPR study of silver 
nanoparticles in SiO2 matrix, J. Sol-Gel Science 

[28] S. Khutsishvili, T. Vakul’skaya, G. Aleksandrova, 
B. Sukhov, Stabilized silver nano particles 
and clusters Agn of humic-based bioactive 
nanocomposites, J.    Cluster Sci. 28 (2017) 3067-
3074.

[29]  V. Timoshenko, T. Shabatina, Yu. Morozov, 
G. Sergeev, Complexation and chemical 
transformations in the ternary system 
silver-carbon tetrachloride- mesogenic 
cyanobiphenyl at low temperatures, J.  Struc. 
Chem. 47 (1) (2006) 145-150.

[30]  J. Michalik, H. Yamada, D. Brown, L. Kevan, 
Small silver clusters in smective clay interlayers, 
J.  Phys. Chem. 100 (1996) 4213 4218.

Annals of Agrarian Science 17 (2019) 242 – 250S. Khutsishvili et al.



251

Annals of Agrarian Science          

Prevalence of Bovine Tuberculosis and Its Risk Factors in Georgia
Levan Tsitskishviliab*, Tengiz Kurashvilic, Levan Makaradzec, 
Iuri Baratashvilic, Guram Samadashviliab, Gabriel Glunchadzeab, 
Laura Bartaiaab, Zaza Samadashviliab

Received: 14 September 2018; accepted: 12 November 2018

A B S T R A C T

Keywords:  

*Corresponding author: 

Introduction

higher than the regional average. Although TB is 

remains unacceptably high.  For comparison, the 

per 100,000. 

have bTB origin in developing countries. The 
routes of bovine TB transmission from cattle to 

consumption of contaminated animal products. 

century. The following nationwide epidemiological 

revealed bTB cases in 73 farms of the country. As 

a

b
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a result of bTB eradication measures by 1972, the 

increased again, and bTB cases were recorded in 19 

Materials and Methods

Study Design: 

operational slaughterhouses. The information on 

inspection of carcasses was performed for all 
randomly selected cases. In case of macroscopic 
changes, samples of select internal organs and 
lymphatic nodes were collected for further 

Geographical coordinates of all participating 
slaughterhouses and farms were measured and 

Bovine TB Diagnosis: Pathology Assessment 

lung lesion score was calculated by counting the 

lymph node lesion score per animal was calculated 
by pooling scores for four pulmonary lymph nodes 

based on the scale described by Wangoo, et. al., 

of epithelioid macrophages with low numbers 
of lymphocytes,neutrophils and Langerhans 
multinucleated giant cells and an absence of 

neutrophils and lymphocytes and necrosis could 

each pulmonary lymph node section with scores 
ranging from 0 to 4, corresponding to Stages 0 to 

was compiled by pooling scores for each of the 
four pulmonary lymph nodes. Scoring of gross 

from all tissues were pooled, homogenized with 

0

traditional cultural and biochemical properties for 
Bovine Mycobacteria.

The primary outcome measure – positive bTB 

assessments.

randomly selected carcasses and of cases that 

each region. Bovine TB mean rates and its 90% 

Bivariate relationship between bovine TB and 

as well as variation of the disease rates across 

level.

Annals of Agrarian Science 17 (2019) 251 – 257L. Tsitskishvili et al.



253

Results

During
slaughtered in ten regions
than 70% of these in four regions of the country: 
Imereti, Kakheti, Kvemo Kartli, and Shida Kartli
Although the rates were proportional to overall 

 in the regions, the 
numbers of the slaughtered animals varied from 

all slaughtered cattle
from all slaughterhouses that were operational 

in
period. Animal ID number, age, gender, breed, and 
geographic origin information were obtained from 

 randomly 
selected animals were then inspected by a trained 
veterinarian and in the case of macromorphological 

th or 5th

lymph node samples were

number of

Region Total 
number of 
slaughtered 

animals

Proportion of Cases 
(Percent of total 

number of animals 
slaughtered in the 

country)

Number of 
randomly 
selected 

carcasses

Proportion of 
inspected carcasses 
(Percent of animals 
slaughtered in the 

region)
Achara 12574 3.9 141 1.1
Guria 7766 2.4 80 1.0
Imereti 70494 21.9 467 0.7
Kakheti 46643 14.5 381 0.8
KvemoKartli 52001 16.1 408 0.8
Mtskheta-Mtianeti 28489 8.8 102 0.4
Racha-Lechkhumi 1873 0.6 41 2.2
Samtskhe-
Javakheti 6413 2.0 217 3.4
Samegrelo-
ZemoSvaneti 29074 9.0 228 0.8
ShidaKartli 66747 20.7 221 0.3
Total 322074 100.0 2286 0.7

Table 1.         
  )
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prevalence in cattle slaughtered in Georgia is 0.44% 

no bovine TB case was detected in seven regions 
of the country and bTB prevalences are 0.98% 

of male cattle from some regions of Georgia to the 
neighboring countries.

Table 2.    in    

Region Number of 
researched 

animals

Positive 
cases (%)

95% CI*

Achara 141 0.00 0.00 -2.58
Guria 80 0.00 0.00 -4.51

Imereti 467 0.00 0.00 -0.79
Kakheti 381 0.00 0.00 -0.96

KvemoKartli 408 0.98 0.27 -2.49
Mtskheta-

Tianeti 102 0.00 0.00 -3.55
Racha-

Lechkhumi 41 0.00 0.00 -8.60
Samtskhe-
Javakheti 217 1.84 0.50 -4.65

Samegrelo-
ZemoSvaneti 228 0.00 0.00 -1.60
ShidaKartli 221 1.36 0.28 -3.92

Total 2286 0.44 0.36-0.54**
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Total
2286
(100)

141
(6.2 )

80
(3.5 )

467
(20.4)

228
(10.0)

41
(1.8 )

102
(4.5 )

221
(9.7 )

381
(16.7)

408
(17.8)

217
(9.5 )

Sex <0.001

Male
480
(21.0)

43
(30.5)

11
(13.8)

203
(43.5)

19
(8.3 )

9   
(22.0)

4   
(3.9 )

77
(34.8)

33
(8.7 )

62
(15.2)

19
(8.8 )

Female
1806
(79.0)

98
(69.5)

69
(86.3)

264
(56.5)

209
(91.7)

32
(78.0)

98
(96.1)

144
(65.2)

348
(91.3)

346
(84.8)

198
(91.2)

Age <0.001*
<2 years 332

(14.5)
57
(40.4)

16
(20.0)

83
(17.8)

4
(1.8 )

5   
(12.2)

11
(10.8)

50
(22.6)

35
(9.2 )

48
(11.8)

23
(10.6)

2-4 years 1145
(50.1)

68
(48.2)

17
(21.3)

287
(61.5)

98
(43.0)

18
(43.9)

55
(53.9)

146
(66.1)

68
(17.8)

242
(59.3)

146
(67.3)

>4 years 419
(18.3)

13
(9.2 )

4
(5.0 )

97
(20.8)

36
(15.8)

18
(43.9)

36
(35.3)

25
(11.3)

51
(13.4)

91
(22.3)

48
(22.1)

Unknown 390
(17.1)

3
(2.1 )

43
(53.8)

0
(0.0 )

90
(39.5)

0
(0.0 )

0
(0.0 )

0   
(0.0 )

227
(59.6)

27
(6.6 )

0   
(0.0 )

Breed

Local
1378
(60.3)

85
(60.3)

54
(67.5)

394
(84.4)

82
(36.0)

41
(100 )

91
(89.2)

188
(85.1)

131
(34.4)

162
(39.7)

150
(69.1)

<0.001*

Other
86
(3.8 )

22
(15.6)

0
(0.0 )

0
(0.0 )

0
(0.0 )

0
(0.0 )

11
(10.8)

24
(10.9)

11
(2.9 )

9
(2.2 )

9
(4.1 )

Unknown
822
(36.0)

34
(24.1)

26
(32.5)

73
(15.6)

146
(64.0)

0
(0.0 )

0   
(0.0 )

9   
(4.1 )

239
(62.7)

237
(58.1)

58
(26.7)

Table 3.    in    

Table 4.    in    

 the       in    

 the             
P     that  <2 2   

In seventeen percent of randomly selected 
animals, information of the animal age was missing. 

had missing/unknown animal breed information. As 
94% of all cases without missing breed information 
were local breed, all other breeds were combined 

risk factor was used only in univariate and bivariate 

The overall proportion of local breed animals varied 
between 79% and 100% across the regions.

Table 4 reports the results of bivariate analysis. 

disease. As the disease prevalence is very low 
and the rates for young adult and adult groups are 
similar, these two were combined in one adult group 

Risk Factor
Number of researched 

animals positive cases %
P-value

Total 2286 11 (0.48 )
Sex 0.09
Male 480 0  (0.0 )
Female 1806 11 (0.61)
Age 0.17**
<2 years 332 0  (0.0)
2-4 years 1145 9 (0.79)
>4 years 419 2  (0.48)
Breed
Local 1378 10 (0.73) 0.65*
Other 86 1   (1.16 )
bTB  (Region) 0.002
Yes 1059 11 (0.90)
No 1227 0  (0.0)

Annals of Agrarian Science 17 (2019)  251 – 257L. Tsitskishvili et al.



256

As the low number of the primary outcome 

reason behind not using animal breed information 

Discussion

were diagnosed in adult animals. This agrees to 

of the important risk factors of bTB. Studies that 
were conducted in both developing and developed 

higher in adult animals compared to young ones 

to get in contact with the infectious agent source; 

There is contradictory information of animal 

that, in Georgia, female cattle are kept for longer time 
because of milk production and reproductive purposes. 

confounded by animal age.  

a high rate of missing breed information and a very 

between cattle breed and bTB infection. However, 

to the local breed.

old female cattle slaughtered in the region with bTB 

rate of the disease.

Future Studies

by using molecular methods. Additionally, limited 
number of positive bTB cases did not allowed 

independent relationship between the disease and 
its risk factors. This emphasizes the need of using 

Recommendation

Bovine TB remains a public health problem in 
Georgia and requires measures to minimize the risk 
of the disease transmission to humans.

Funding: This work was supported by Shota 
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Introduction

the soils of high mountain of Georgia nearby the 

are given less about comparative characterization of 
soils in subalpine and alpine belts. 

population. Meanwhile, there are some problems of 

it causes worsening of botanic and chemical 
composition of grass, decreasing of productivity 

protection of soils of high mountain and Rational 
using. 

Physical-geographical description of the 
region

For creating the relief of the Central Caucasus 
with tectonics, erosion, glacier activity and other 
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volcanism is presented in the Central Great 
Caucasus. The Central Great Caucasus is built by 
Mesozoic and Previous Mesozoic tiles. 

and glacial sediments, Tertiary and Quaternary 
volcanic rocks and Jurassic sedimentary rocks. 

and geomorphologic activities. The neovolcanic 

Three small apparatuses are localized in area: near 
Pkhelshe, downward Sioni and mouth of the river 

direction, with endings it covered the old valley 
of river Tergi on the territory of villages Khurtisi 
and Pkhelshe and has changed the direction of 

which pouring out on the place of ruins Kazbegi 
crater and reached to the left bank of river Tergi, 
village Arsha. Its length is 8 km. Flow of Chkheri 

bank of river Tergi, between the villages Gergeti 
and Saketseti. Middle and upper sides of Arsha, the 

present a massive of lava, and is cutting by valleys 

has poured out in region of glacier Abano. Its length 

All described lavas are belonged to andesites 
and andesitedacites. The lateral center of Kazbegi 
massive N. I. Skhirtladze recognizes mountain 

Kazbegi massive is 29, 44 km2. 

hot points are in Tergi river basin. So this location is 

on their mouth and slopes are too much hearths of 
avalanche and downpour, because of it, village Juta 

is presented by avalanche and rockfall. One of 
the main reason of retention of Dariali was river 
Chkheri downpour. In this process role had carried 
out snowy material of glaciers Ortsveri and Abano. 
In retention of Tergi participated Kuros Khevi, and 
from right side it united Tergi gorge in this place and 
has brought demolished material of Kuro massive, 

Subalpine zone is characterized by short cool 
summers and severe long winters. The winter 
is cold with much snow. The duration of the 
vegetative season is from three to four months. The 

summer. The average annual relative air humidity 

Some relief forms were created by quaternary 

Due to unfavorable ecological conditions subalpine 

teritorries of alluvial plains. In the high mountains 

and erosion high mountain reliefs, but the turf 
covers elements of the old peneplain and volcanic 
relief.

we have business with high mountain, where in the 

winds and snowfall and regulate the water regime.

characterized by long winters and cool summers. 
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climate of the high mountains supports an intensive 
weathering of the rocks and because of it an 
accumulation of a great number of rock fragments 

Objects and methods

0 0 0

1. 
2. 
3. 

them, soil was described by the using of the Munsell 

made following analysis: mechanic analysis by the 

calcium carbonates with calcimetry, common 
humus by the volumetric method, calcium and 

Results and discussions

I

0, 
0 0. The 

with the increasing of the inclination. On the south 

eqv., from absorbed bases Ca predominates Mg, 

0,55%. 

0, the second type 
0 0. The soil has light 

grass, the quantity of roots growing together with 
the increasing of the inclination. On the north 

eqv., from absorbed bases Ca predominates Mg, is 

15,09%.

grass, is with reaction, mechanic content, humus 
content, in 100g soil with the sum of absorbed 
cation capacity.

In the subalpine meadow zone on the south 

I, 3I I

0 
0 0. The soil has 

the soils are characterizing with weak acid reaction 

bases Ca predominates Mg, is unsaturated with 

In the subalpine meadow zone on the north 

0 0 0. 

skeleton, it is observed biological activity; volcanic 
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absorbed bases Ca predominates Mg, is unsaturated 

In subalpine meadow zone, the south and north 

in 100g soil the sum of absorbed cation capacity, in 
the north are much roots skeletons, biological activity, 

the surface. 

I

0 0 0. The 

much roots, and vegetative cover is presented by 

bases Ca predominates Mg, is unsaturated with 

In the alpine meadow zone on the north 

0 
0 0. The soil has medium 

depth, much roots, rocks on the surface. On the 

eqv., from absorbed bases Ca predominates Mg, is 

3,11 %.
Thus, by considering of the main indicators of 

and diversity of general properties, this is due to 

not related to the peculiarities of genesis.

Objects.
Profile

Horizon, depth 
(cm) Humus,

%
Hygr. 

H2O %

Cation exchange capacity, 
mg/equivalent in 100g. soil Sum %

Ca++ Mg++ H+ Ca Mg H

Subalpine forests zone 1700-2000 m a. s. l. 

15
Tsdo

S

0-10 6,5 9,22 1,02 10,02 3,67 1 14,69 68 25 7
10-40 6,5 5,32 1,02 10,68 6,68 0,6 15,96 67 29 4

AB 40-55 7,0 3,62 1,03 9,46 4,05 0 13,48 70 30 0
B 55-95 7,1 2,79 1,02 11,35 5,35 0 16,7 68 32 0
BC 95-150 7,3 2,02 1,02 10,11 4,04 0 14,15 71 29 0

5I

Gergeti
S

A 0 - 15 5,5 10,63 1,06 14,15 8,09 0 22,24 64 36 0
AB 15 –30 5,5 3,37 1,02 12,13 7,41 1,8 21,34 57 35 8
B1 30 – 50 5,8 0,75 1,04 11,69 5,01 1,8 18,5 64 27 9
B2 50-70 5,9 0,75 1,02 13,15 6,74 1,8 21,69 49 43 8
BC 70-90 6,1 0,55 1,02 12,45 6,36 1,8 20,61 50 41 9

6
Gergeti

S

A 0-10 5,0 4,96 1,02 14,32 4,1 1 19,42 74 21 5
AB 10-25 5,2 1,86 1,06 7,69 4,35 5 14,04 55 31 14
B1 25-40 5,7 1 1,04 4,01 2,68 1,2 7,89 51 34 15
B2 40-60 6,5 0,75 1,02 4,01 3,35 1,4 8,76 46 38 16
BC 60-80 6,5 0,75 1,02 4,34 1,01 1,8 7,15 61 14 25

5
Stepantsminda
           N

A 0—10 7,1 7,88 1,02 8,18 2,15 1 11,33 73 19 8
AB 10—22 5,8 5,42 1,04 4,43 2,73 2,6 9,76 45 28 27
BC1 22—40 5,0 5,42 1,04 6,35 2,01 1 9,36 68 21 11
BC2 40—60 5,8 3,93 1,06 10,03 5,02 2 17,05 59 29 12

Table 1.
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42
Akhaltsikhe

N

A 0--12 6,4 10,91 1,04 17,05 7,85 0,4 25,3 67 31 2
B 12--30 5,0 9,43 1,02 6,02 4,01 1,4 11,43 53 35 12
BC 30--65 5,2 3,37 1,02 6,69 3,68 1,8 12,17 55 30 15

4
Stepantsminda

N

-10 6,2 7,9 1,02 10,01 4,35 0,4 14,78 66 33 1
-20 5,7 8,9 1,04 9,21 5,11 0,8 15,12 61 34 5

BC 20-40 5,5 1,73 1,02 10,57 6,82 1,2 18,59 57 37 6
CD >40 - - - - - -

Subalpine meadows zone 2000-2200 m a. s. l. 
            4I

Gergeti
S

A 0-14 5,6 8,43 1,06 4,01 5,35 0,8 10,16 39 53 8
AB 14-35 6,0 2,85 1,02 5,25 7,68 0,7 13,63 53 29 18
BC 35-50 6,3 0,85 1,02 8,23 4,05 0,8 13,08 49 48 3

3I

Gergeti
S

A 0-13 5,8 9,17 1,02 9,36 5,32 0,4 15,08 58 35 7
AB 13-30 5,4 5,94 1,04 11,86 4,45 2 18,31 47 35 18
BC 30-55 6,0 1,77 1,04 9,35 5,04 2 16,39 65 25 10

2I

Gergeti
S

A 0-20 5,9 8,39 1,02 11,56 8,32 0,4 20,28 48 34 18
AB 20-35 5,8 3,78 1,02 15,26 8,27 2,3 25,83 65 20 15
B 35-50 6,2 0,75 1,04 12,35 9,03 0,6 21,98 47 45 8

BC 50-80 5,7 0,55 1,02 10,68 6,68 0,6 15,96 50 38 12

29
Pansheti

N

A 0--10 5,8 9,91 1,02 8,02 3,68 0,4 12,1 66 33 1

BC 10--30 6,3 2,47 1,02 9,36 3,35 0 12,71 74 26 0

             2
Stepantsminda

           N

-20 4,7 8,6 1,02 27,27 6,38 1,8 35,45 65 20 15
-35 5,1 4,5 1,02 6,48 3,75 8,8 19,03 53 42 5

BC 35-50 5,3 4,6 1,04 3,41 1,7 5,6 10,71 45 52 3

3
Stepantsminda

N

-20 5,5 9,4 1,02 14,32 4,1 1 19,42 74 21 5
-40 5,7 6,5 1,04 4,01 2,68 1,2 7,89 51 34 15

AB 40-60 5,9 3,13 1,06 4,34 1,01 1,8 7,15 61 14 25
BC 60-80 5,9 1,06 1,02 4,01 5,35 0,8 10,16 39 53 8

Alpine meadows zone 2200-2500 m a. s. l. 

37
Sno
S

--25 4,5 11,18 1,04 5,45 4,78 2,8 13,03 42 37 21
--65 5,4 8,27 1,02 6,69 4,65 5,35 16,69 44 36 20

BC 65--100 5,6 0,94 1,02 4,01 2,68 0,6 7,29 55 37 8

9
Pkhelshe

S

A   0--12 5,9 8,85 1,02 12,69 5,34 1,2 19,23 66 28 6
AB 12--30 5,5 5,11 1,03 10,11 5,39 1,6 17,1 59 31 10
B   30--58 6,0 1,21 1,03 8,76 4,38 1,4 14,54 60 30 10
BC 58--100 6,1 0,95 1,03 10,11 4,71 1,4 16,22 62 29 9

1I

Gergeti
S

-5 5,6 8,90 1,02 17,05 7,85 0,4 25,3 67 31 2
-20 5,5 8,03 1,04 8,86 4,78 0,2 13,84 45 21 34

AB 20-30 5,7 6,46 1,04 9,03 2,34 0,6 11,97 75 20 5
BC 30-55 6,4 1,77 1,04 6,02 4,01 1,4 11,43 53 35 12

1
Stepantsminda

N

A 0-18 5,1 8,12 1,02 8,02 3,68 0,4 12,1 66 33 1

BC 18-40 5,4 3,12 1,06 9,36 3,35 0 12,71 74 26 0

            33
Achkhoti

            N

--10 5,5 10,77 1,08 27,27 6,38 1,8 35,45 80 18 2
--25 4,6 8,97 1,04 6,48 3,75 8,8 19,03 34 20 46

AB 25--40 4,8 5,32 1,04 3,41 1,7 5,6 10,71 32 16 52
BC 40--60 5,2 3,11 1,04 6,14 2,44 4,4 12,98 47 19 34

32
Achkhoti  

N

A 0--15 5,4 11,23 1,04 15,69 5,8 2,2 23,69 66 24 10

BC 15--30 4,7 3,37 1,02 14,05 6,02 6,6 26,67 53 23 24
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Table 2.

Location, exposition,
altitude Horizon, depth 

(cm)

Fractions   %

1-0,25 0,25-
0,05

0,05-
0,01

0,01-
0,005

0,005-
0,001 <0,001 <0,01

Subalpine forest zone 1700-2000 m a. s. l.

15 Tsdo,
S

0-10 9 47 19 5 8 12 25
10-40 17 39 15 11 8 10 29

AB 40-55 12 37 29 5 12 5 22
B 55-95 15 47 13 9 7 9 25

BC 95-150 10 44 25 2 14 5 21

42 Akhaltsikhe,
              N

A 0--12 18 24 13 18 24 3 45

B 12--30 10 23 22 14 28 3 45

BC 30--65 12 26 25 10 10 17 37

Subalpine meadows zone 2000-2200 m a. s. l.

4I
           Gergeti,

S

A 0-14 4 45 18 9 15 9 33

AB 14-35 8 29 29 13 13 8 34

BC 35-50 5 46 4 11 20 14 45

29
            Pansheti,

N

A 0--10 34 43 4 6 6 7 19

BC 10--30 61 20 2 7 7 3 17

                                                           Alpine meadows zone 2200-2500 m a. s. l.

37
Sno,

S

--25 5 38 13 20 13 11 44

--65 0.6 53.4 26 7 5 8 20

BC 65--100 29 45 4 6 2 14 22

33
            Achkhoti,

N

--10 17 33 1 36 9 4 49

--25 5 17 22 16 34 6 56

AB 25--40 4 26 18 3 11 38 52

BC 40--60 4 27 31 13 18 7 38

Conclusion

1. 

These soils are characterized by acid and 

nature of genesis.
2. 

These soils are characterized by acid and 

nature of genesis.

These soils are characterized by weak acid 

nature of genesis.
4. Thus, comparing the high mountain soils to 

general similarities of ecological conditions, 
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Introduction

important among them. Muddy soils, which are 
capable of holding enough water, have advantage 
of cultivating paddy here over other areas. The use 
of chemical fertilizer for nitrogen, phosphorous and 

progressively since its introduction to agriculture. It 

fertilizers at the rate higher than recommended dose 
causing soil health deterioration. Decreasing soil 
health and crop production in long run resulting from 
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Thus society faces both environmental and economic 

the negative impact these type of malpractice. 

us to achieve our goal without environmental 

azolla etc. are rich in carbon, nitrogen and other 

the crop nutrient, but also help in improving soil 

quite high due to lesser concentration of nutrients as 

of organic fertilizers to supply nutrient is dependent 
on nature and composition of material, soil microbial 
diversity and climatic condition. Sources such as 

the other hand being very concentrated in nutrients 

requirement is less, they are found to aggravate soil 

soils are prerequisite for higher crop yield. Thus we 

return, but protects our soil form further degradation.

However their cultivation in Gangetic alluvium belt 

cereals and oil seeds over legumes for their daily 
requirement. Legumes, if incorporated in the cropping 
sequence increases the chance of further cut down 

of organic fertilizer on plant nutrition and crop yield. 

possible nutrient sources and prevalent cropping 

possible combination of nutrient source and cropping 

nutrient supplying capacity of soil, hence crop yield. 
We considered Rice–Rapeseed–Fodder cowpea, 
Rice–Field pea–Fodder cowpea and Rice–Wheat–
Fodder cowpea cropping sequence for alternative 

slurry and azolla as possible organic nutrient source 
besides chemical fertilizer suitable for this region. 

inorganic sources of nutrients on crop nutrient uptake 

the suitability of organic fertilizers in rice cultivation 

cultivation in the area.

2. Materials and methods

period of July 2013 to June 2015 at Central Research 

was medium in slope having well irrigation facility. 
The site receives an average annual rainfall of 
1460 mm and the annual temperature varies from 

nutritional management treatments were applied to 

cowpea was grown in the residual fertility of the soil. 

2. Recommended cultural practices were followed 

% physiological maturity and air dried for 3 days. 
After drying, the total plant was weighed, threshed 

was calculated by deducting grain yield from the 
total yield. The yield determining parameters of rice 
viz. number of panicle m

1

of the crop.
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 2.2 Nutrient analysis of soil and plant

whereas hot alkaline KMnO4
followed for available N determination. Soil and 

was calculated by multiplying the concentration 

following formula,

values. Pearson correlations were calculated in 

3. Results and discussion

management practices:

2 cropping 
sequence reported higher nutrient uptake for N, P 
and K followed by C1 and C3. Though lesser amount 
of nutrient uptake was found for C1 cropping 

2. 
The nutrient uptake in C3

Better nutrient uptake with combined application 

of inorganic and organic fertilizer was reported 

higher nutrient uptake was found, since minerals 
uptake by rice is associated with biomass production 

treatments is reported in Table 3. The pooled data 

121.95 to 205.21 kg ha  among treatments. The 

 

2

1; avg. 90.16 
and 79.98 kg ha 3; 84.52 and 79.98 
kg ha 1 
and C2
Nitrogen uptake in terms of nutrient management 

found in case of M1  
2  

3  
4

kg ha 5
kg ha

2

3; avg. 88.13 kg 
ha
M1, M2 and M3

in nutritional management treatments during both 

uptake was recorded in C2
kg ha 1 3
kg ha 1 and C2

1. Similar variation was 

was found in C2 3
kg ha 1

uptake was found in M2  
3

kg ha 1

M4 5 
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kg ha 1, M2 and M3 
4 

and M5 produced poor results. 
2

ha 1

was recorded in C3

2
1

3 1
ha
When it comes to nutrient management, grain K 
uptake in M2 3

1, M4 and M5
and 18.62 kg ha
found to be higher in M3
by M2 1
K uptake in M4 and M5  

variation between treatments. Cropping sequence 
C2 along with M2

kg ha
and cowpea being a leguminous crop in cropping 

when FYM was incorporated in the nutrient 
2

rich in carbonaceous and lignin compound helps 

organic and inorganic fertilizer together helps in 
slow release of nutrient, thus enhanced nutrient use 

activity, crop root growth and reduced nutrient loss 

when compared to other nutrient management 
4 and M5 2 1 

and C3 yielded comparable results with M1, M2 
and M3

4

5

being N rich is preferentially decomposed and have 

nutrients, but it might not be able to supply nutrients 

during entire crop duration or would have to apply in 
higher amount to achieve desired crop production.

 

paddy yield and yield components:

no m
panicle m
sequence, where as other cropping sequence 

M1, M2 and M3

4 and M5
of panicle m

found in C2M2, followed by C2M3 and C2M1
278 and 275 panicle m

m
sources M4 and M5 yielded poor result with cropping 

2
grain panicle
was incorporated in the cropping sequence. This 

1 and C3
147 grain panicle

for M1, M2 and 
M3 4 and 
M5
panicle

cropping sequence and nutrient sources. The C2M2, 

panicle 2M3
Legume crop incorporation and addition of organic 

Reduced amount of N supply in M4 and M5 during 

panicle . 
Table 4 shows the variation in Panicle weight 

was found in C2

1
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3

1 was 
2; C3

lower values. Among nutrient management, M2 

to be superior to others. However there were no 

the cropping sequence and nutrient sources were 
2M2 

combinations for these components.

t ha  was obtained in cropping sequence C2 to which 
leguminous crop was incorporated, followed by C1 

3; 4.42 t ha
Similarly higher yield was obtained from M2
ha
followed by M3 and M1  

4; 4.18 t ha
5; 3.91 t ha

of nutrient besides inorganic sources. Similar results 

C2 1 and 
C3. Though M2 was better in case of grain yield than 
M3

3, M2 and M1 
4 

and M5

2

2

sequence and nutrient sources on paddy yield 
parameters. The treatment combination of C1M3 

2M2 and 
C2M3. Though C1N3 
between line C1, C2 and M1, M2, M3
similar. However, the treatment combination between 
line M4, M5 and C1, C2, C3

to others. 

growth and yield of crops. Researchers have found N 
in adequate account accounted 75 to 90% variation 

of panicle m and 

of nutrient uptake on dry matter accumulation and 

yield and nutrient uptake. However, we found weak 
correlation between them. Climatology, location, 

for rendering their association. The plots where 
nutrient uptake was higher were found to produce 
higher yield. Improved soil health from balanced 
use of organic and inorganic fertilizers has resulted 

during entire crop growth period, increased biomass 

4. Conclusion

nutrient sources on crop nutrient uptake and paddy 
yield. Few treatment combination produced better 
results in terms of nutrient uptake and yield and 

2
to soil as plant available form, which in turn helped 
in better nutrient uptake and therefore crop yield. 
However, C1 and C3
result to C2

in terms of nutrient uptake and crop yield. Though 

fertilizer was found to be superior. Organic carbon 

supply during the entire crop duration. Higher 
2
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M1 and M3
with M2 in respect of nutrient uptake and yield. 

4 and M5 

uptake and crop yield with their application. 

preferentially degraded over carbon rich organic 
fertilizer such as FYM. Slow release of nutrient 
for longer time with FYM application might have 

of these locally available fertilizer sources with 

possible nutrient dynamics and their uptake. 

going on in soil upon application of these fertilizers. 

and crop production. Studies may also be conducted 
with other available nutrient sources, such as 
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management on growth and yield of wheat 

Ngachan, Productivity, Quality and Soil 

Particulars

Sand (%) 36.8
Silt (%) 28.0
Clay (%) 35.2
Textural class Clay-loam
Bulk density (g cm-3) 1.53
Soil pH 6.84
EC 0.24
Organic carbon (%) 0.66
Available N (kg ha-1) 147.84
Available P2O5 (kg ha-1) 18.24
Available K2O (kg ha-1) 125.25

Table 1.
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Table 2.

Vertical strips (Cropping system; C): 

C1 Rice –Rapeseed – Fodder cowpea  

C2 Rice – Field pea – Fodder cowpea  

C3 Rice – Wheat – Fodder cowpea  

Horizontal strips (Nutrient management;  M):

M1 100% Recommended dose of Fertilizers (RDF) through chemical fertilizer (CF) 

M2 75% RDN through CF +25% N through FYM+ 100% RD of PK through CF 

M3 75% RDN through CF +25% N through Biogas Slurry + 100% RD of PK through CF 

M4 75% RDN through CF +25% N through Vermicompost + 100% RD of PK through CF 

M5 75% RDN through CF +25% N through  Azolla+ 100% RD of PK through CF 

Treatments N uptake P uptake K uptake
Grain N (kg ha-1) Straw N (kg ha-1) Grain P (kg ha-1) Straw P (kg ha-1) Grain K (kg ha-1) Straw K (kg ha-1)

Cropping system
C1 90.16 79.98 18.11 7.95 24.32 67.13
C2 93.86 82.75 19.78 9.81 25.59 72.22
C3 84.52 73.45 16.72 8.02 23.03 67.58
SEm ± 1.51 1.89 0.34 0.20 0.50 1.80
CD (p=0.05) 4.93 6.18 1.12 0.64 1.64 5.86
Nutrient management
M1 96.21 85.11 19.62 9.83 25.33 74.05
M2 99.05 86.33 22.72 11.20 29.12 76.93
M3 98.72 88.13 21.09 10.52 28.08 76.81
M4 80.00 68.99 14.70 6.61 20.41 62.39
M5 73.59 65.05 12.89 4.80 18.62 54.69
SEm ± 3.69 2.14 0.83 0.35 0.94 2.47
CD (p=0.05) 11.07 6.41 2.48 1.06 2.83 7.39

Table 3.
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Treatments Number 
of panicle 
m-2

Number of 
filled grain 
panicle-1

Panicle 
weight 
(g)

Panicle 
length 
(cm)

Grain 
yield (t 
ha-1)

Straw 
yield (t 
ha-1)

Harvest 
index (%)

Cropping system
C1 249 155 2.55 26.8 4.66 6.64 41.08
C2 267 163 2.65 27.2 4.74 6.77 41.10
C3 249 147 2.47 26.9 4.42 6.37 40.82
SEm ± 3.1 1.3 0.03 0.07 0.05 0.07 0.28
CD
(p=0.05)

10.2 4.3 0.11 0.24 0.15 0.24 NS

Nutrient management
M1 264 168 2.63 27.2 4.84 6.96 40.89
M2 265 163 2.66 27.4 5.08 7.07 41.69
M3 267 163 2.66 27.2 5.01 7.15 41.08
M4 247 145 2.52 26.8 4.18 6.01 41.02
M5 231 134 2.33 26.3 3.91 5.77 40.33
SEm ± 4.9 3.4 0.05 0.17 0.17 0.12 0.53
CD
(p=0.05)

14.7 8.6 0.16 0.50 0.50 0.37 NS

Table.4.

Table.5.

N
Uptake

P
Uptake

K
Uptake

Panicle 
m-2

Filled 
grain 

panicle-1
Panicle 
wt (g)

Panicle 
length 
(cm)

Test 
Weight 

(g)

Grain 
yield 

(t ha-1)

Straw 
yield

(t ha-1)
Harvest 
Index

N Uptake 1.00
P Uptake 0.94a 1.00
K Uptake 0.95a 0.93a 1.00
Panicle m-2 0.85a 0.86a 0.82a 1.00
Filled grain 
panicle-1 0.83a 0.85a 0.73a 0.84a 1.00
Panicle wt (g) 0.75a 0.76a 0.64a 0.80a 0.80a 1.00
Panicle length 
(cm) 0.63a 0.69a 0.70a 0.80a 0.54b 0.42 1.00
Test Weight (g) 0.76a 0.86a 0.75a 0.69a 0.71a 0.71a 0.53b 1.00
Grain yield (t ha-1) 0.98a 0.93a 0.96a 0.79a 0.77a 0.71a 0.62a 0.74a 1.00
Straw yield (t ha-1) 0.98a 0.93a 0.95a 0.80a 0.77a 0.72a 0.57a 0.74a 0.98a 1.00
Harvest Index 0.48b 0.49b 0.49b 0.42 0.40 0.32 0.58a 0.38 0.57a 0.39 1.00
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Fig. 1a, b, c. Interaction effect between cropping sequence (C) and nutrient management (M) for 
N, P and K uptake respectively

 
Fig. 2a, b. Interaction effect between cropping sequence (C) and nutrient management (M) for 
number of panicle m-2 and number of  
filled grain panicle-1 respectively

Fig. 3a, b. Interaction effect between cropping sequence (C) and nutrient management (M) for
panicle weight (g) and panicle length   
(cm) respectively

Fig. 4a, b. Interaction effect between cropping sequence (C) and nutrient management (M) for
grain yield and straw yield respectively
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1. INTRODUCTION 
                                                             

The vibratory technologic processes are in fact the useful movements of the friable materials 
and single small parts under influence of vibrations: transportation, metered feeding, sorting, 
mixing and etc.[1-4]. 

The vibratory technologic machines and processes are widely used in metallurgy, construction, 
mining industry, agriculture, chemical industry and confectionaries [5-7]. 

A vibratory technologic process is a dynamically sensitive process in which participate many 
physically different components: vibro-drive, elastic system, working member (absolutely rigid 
or of finite rigidity), diverse friable loads. Dynamical interaction of these components stipulates 
behavior of the friable material on the working member surface.   

The mathematical models of vibratory transportation and technological processes presented in 
the existent researches [1, 2, 5] are mostly simplified. For example, non-linear excitation is 
replaced by harmonic vibrations; reaction of the material on the working member is provided by 
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so called coefficient of connection that is 1/3 of the whole mass; non-working vibrations that 
accompany vibratory technologic processes and have influence on them, are not often taken into 
account neither etc. Because of such approaches many nuances that could be important from the 
standpoint of influence on the process, are ignored. 

Consequently, the attempt is made in the work to create a more or less universal model, where 
more perfect mathematical description of the vibratory transportation and technologic processes 
of the friable materials and study of influence of various parameters on the process would be 
possible.  

2. A DYNAMICAL MODEL 
 

Since a vibratory technologic process is in fact a vibratory movement of the system “vibro-
drive – working member – technologic load”  in space then it is evident that besides pre-
determined working vibrations the working member and consequently technologic load  can be 
subjected to non-working (spatial) vibrations [ 4, 8 ] not envisaged by the calculation. 

This in the first place concerns the spatial, so called parasitic vibrations of the working member 
that can be caused by various factors such as inaccuracy of transmission of the exciting force, 
errors of relative disposition of the vibratory machine units, elastic specificity and etc. 

In Fig.1 is presented a two-mass system “vibro-drive – working member” and are shown 
deviations of the working member caused by various possible errors: I – nominal (designed) 
position of the working member; II – position of the working member considering the errors 
including the eccentricities ex, ey, ez    of displacement of the center of gravity from position O1 to 
point '

1O ; 000 ,, - turnings of the coordinate axes caused by the assembly errors of the 
vibratory machine and transition from position 1111 zyxO  to position  '

1
'
1

'
1

'
1 zyxO  (Fig.1 a, b);    III – 

dynamical (working) position of the working member. System of coordinates   vvvv zyxO  is 
connected to the vibro-drive; 1 – basic elastic system of the vibro-machine; 2 – suspensions of the 
vibro-machine; Q – exciting force; mv, m1 – masses of the vibro-drive and working member.

Fig. 1. 
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In the Fig.2 are shown spatial schemes of the three-mass spatial vibratory system, a generalized 

dynamical model of the vibratory technologic system “vibro-drive – working member – 
technologic load” (Fig.2a), elastic system of the  vibro-drive – working member (Fig.2c) and 
conventional elastic system of the technologic load (Fig.2b). At that, the latter imitating 
phenomenological properties of the friable material is restricted unilaterally by the working 
member surface. 

For full description of the spatial vibratory movement of the presented system it is expedient 
to use classical methods of relative movement of rigid bodies [8]. For this purpose a friction 
material (load) is presented as a rigid body in the form of cube where total mass of the load is 
located and which is provided with conventional elastic elements describing phenomenological 
properties and elastic and damping connections between layers as well as with surfaces of the 
working member [ 4, 9].  

For obtaining general vector expressions of the kinetic energy of a body it is necessary to 
determine absolute movement of a free point of this body. Such points in Fig.2 are Ai (M1), Bi (M2), 
Ci (M3) that are connected to the origins of the own coordinate axes as well as to the origins of 
coordinate axes inertial relative to them. Besides, mass M3  is connected to mass M2 at the center 
of gravity (at the origin of coordinate system). 

Consider expressions of each component part of the three-mass system (Fig, 2a). Vector 
equations of absolute velocities of free points Ai, Bi, Ci of masses M1, M2 and M3 have the form:  

iAi rVV 10101 ; iCi rVV 20202 ; 01 01 3 03 03 3 3 3 3, ( )Bi i i i iV V R V r R R r (1)

Fig. 2. 
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where V01, V02 are translatory velocities of the particles Ai and Ci ; ir1 , ir2 , ir3 – position vectors of the 
particles Ai, Bi, Ci ; O1, O2, O3 – velocities of rotary movement of masses M1, M2 and M3; V03 –
velocity of relative movement of mass M3; ir1 , ir2 , ir3 - position vectors of points Ai, Bi, Ci relative to 
the origins of the proper coordinate axes.

Consequently, the vector expressions of kinetic energies of masses M1, M2 and M3 will have the 
form (is shown kinetic energy of mass M1 only):

)]()([
2
1

10101
2

101
2

01
1

11

1

ii

n

i
i rVrVMT ,                                  (2)             

where M1i, M2i, M3i are masses of the particles Ai, Bi, Ci .
The vector expressions are converted into the analytical form with the help of the direction cosines 

and Euler’s angles [8]. Then they (T1, T2, T3) are reduced on the coordinate axes of the working 
member (M1).

Kinetic energy of mass M1 relative to the coordinate system "
1

"
1

"
1

"
1 zyxO has the following form:
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where 111111 ,,,,, zyx are linear and angular displacements of the center O2 of mass M2; 111 ,, zyx JJJ

- moments of inertia of mass M2 about axes 1111 zyxO .
Similar forms will have kinetic energies of masses M2 and M3.

 
3. EQUATIONS OF SPATIAL MOVEMENT OF THE 
WORKING MEMBER AND TECHNOLOGIC LOAD 

The main difference between the system under research – vibratory technologic machine  and 
classical n-mass system is stipulated by the following aspects: 1) Specificity of mass M3 (load) 
performing relative movement with respect to mass M1; 2) Predetermined location relative to each 
other of masses M1, M2, M3 (vibro-drive, working member, load); 3) Pecularity of interaction of 
masses M1 and M3.

On the base of method of Lagrange we  obtain the following differential equations of spatial 
movement of the system 

'
. )( qq QQ

q
T

q

T
dt
d , (4) 

 
where T is the system kinetic energy; q – generalized coordinate that takes the values  

;,,,,,;,,,,, 222222111111 zyxzyx ;,,,,, 333333 zyx qQ - elastic and resistant forces 

stipulated by the machine elastic and damping system;  '
qQ - forces that are not related with 

deformations of the elastic system or inertness of masses of the vibratory system under consideration 
(external exciting forces, forces of gravity, external forces resistant forces of the friction type and etc).
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For illustration of the proposed approach consider a vibratory feeder with electromagnetic vibro-
exciter (Fig.3) and its mathematical model with some assumptions. Namely, influence of the material 
on the working member dynamics will not be taken into account (kinetic and potential terms in the 
working   member equations are presented in the linear form in contrast to the equations of the load, 
where kinetic terms are presented by the products of second order of the working member coordinates, 
their velocities and accelerations).  

The research considers influence of the machine design errors and non-working spatial vibrations 
on the friable material vibratory movement.  

 
 
 
 

Fig. 3. The errors of the force transmitted
to the working member

 
 

 
 

The equations of the working member will have the form 
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where , , , , ,x y zc c c c c c , qQ are coefficients of damping of the elastic system;

kkkkkk zyx ,,,,, - coefficients of rigidity; '''''' ,,,,, kkkkkk zyx - coefficients relating lateral-rotary 
and longitudinal-torsional vibrations; Q = Q0 f (t), Q0 – coefficient of the exciting forcr; f (t) – regularity of 
variation of the exciting force.

Spatial vibratory movement along the coordinate axes will have the following form
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where coefficients A, B, B1, C”, D, E, E1, C characterize state of the load relative to the working   
member surface (movement together with the surface or separately from it) and vary properly; 

),,( 1
.

3
.

3 zzzfN z , ),,( 1

.

3

.

3 yyyfN y - forces of the material normal reaction whose coefficients 
vary similarly to the above mentioned.

Equations (6) differ from generalized equations of the material spatial movement [4] by the terms 
generated from the errors of  0 0 0, , .

);,('
1 txQQx (7)

where ),( txQ is a nonlinear exciting force;

2AQ ; )()( 11

.
xCtBF ;

– electromagnetic flow; A, B, C - coefficients  depending  on  parameters  of  the electromagnetic 
vibro-exciter; – clearence of the electromagnet.

The system of equations was solved by the method of Runge-Kutta in the following limits of 
errors: for  angular  deviations 000 ,, = ( 0 - 0,15) rad; for  deviations  of the force direction

zyx eee ,, = (0 – 0,015) m.
For greater visualization of influence of the mentioned deviations on the process the vibrations 

were enhanced in one concrete direction or another by resonating with the exciting force (in 
combination of variation of the errors).

Below are given some results of the modeling (Fig. 4-7), where are shown dependences of the 
material velocity V and other dynamical characteristics (z3, y3, Nz , Ny) on the non-working vibrations 
(y1, 1,  z1,  caused by the working member design errors ( 000 ,, , 000 ,, eee ).

 

Fig. 4. 3 000 ,, . 
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Fig. 7. 3 3 zyx eee ,,

Fig. 6. 3 zyx eee ,,

Fig. 5. 3 N 000 ,,
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 4.1. CONCLUSION

1. The considered approach and a mathematical model of spatial movement of the 
system “vibro-drive – working member – friable load” allows to realize complex 
research into the vibratory technologic process by the mathematical modeling;

2. Design errors of the vibratory transportation technologic machine have an 
influence on the process that is more expressed in the resonant machines;

3. The errors at their certain combination can promote improvement of the process 
indices (velocity for example, Fig.5) that may be realized in the machine.

Acknowledgements 
 

This work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG) [ N 
FR17_292,  “Mathematical modeling of the vibratory technologic processes and design of the new, highly 
effective machines”  
 

REFERENCES 
 

[1].I.I. Blekhman, Theory of Vibration Processes and Devices. Vibration mechanics and vibration 
technology, Ore and metals, SPB, 2013 (in Russian).

[2].I. Goncharevich.    Theory of Vibratory Technology. Hemisphere Publisher, 1990 (in Russian).
[3].I. I. Fedorenko, Vibration processes and devices in the agroindustrial complex: monograph. 

RIO of the Altai State University, Barnaul, 2016 (in Russian).
http://www.asau.ru/ru/mekhanizatsii-zhivotnovodstva?task=getfile&fileid=15612.  

4. DISSCUSION

The design and assemblage errors in the vibratory transport and technologic machines (especially 
in the resonant ones) can cause a significant distortion of conformity with a law of the technologic 
process. Development of the spatial dynamical and corresponding mathematical models of the 
vibratory technologic system (vibrator – working member – load) was considered expedient for 
complex study of this problem.

The obtained mathematical model is universal and it ensures complex research into the technologic 
process. The results of influence of the spatial (non-working) vibrations (Fig.2) and eccentricity 
caused by the improper transfer of the force (Fig.3) on the process of vibratory displacement of the 
friable material are presented in the work.

The approach to the research envisaged enhancing of each non-working (“parasitic”) spatial 
vibration at retaining other vibrations in the admissible limits. As the results of modeling have shown, 
in most cases, the non-working vibrations have a negative influence on the velocity of the material 
displacement (Fig. 4, 6, 7) but in some cases, increase of velocity takes place (Fig 5). It should also 
be noted that non-working spatial vibrations have a significant influence on the material displacement 
in the vertical direction (z3) (Fig.4, 5, 6, 7) or on the intensity of displacement. 

The analysis of the research results have shown that improvement of the vibratory technologic 
process is mainly possible by combination of the basic working vibrations and some non-working, so 
called parasitic vibrations that implies design changes of the vibratory machine and will present the 
subject of the author’s further research. 

[4].V. Zviadauri. Dynamics of the vibratory transportation and technological machines; 
“Mecniereba”, 2001(in Russian).

[5].L.Vaisberg, I. Demidov, K. Ivanov, Mechanics of granular materials under vibration action: 
Methods of description and mathematical modeling. Enrichment of ores.   4 (2015) 21-31.

Annals of Agrarian Science 17 (2019) 277 – 285



285

http://rudmet.net/media/articles/Article_OR_04_15_pp.21-31_1.pdf (in Russian).
[6].V. S. Zviadauri, T. M. Natriashvili, G. I Tumanishvili, T. N. Nadiradze, The features of 

modeling of the friable material movement along  the spatially vibrating surface of the 
vibratory machine working member. Mechanics of machines, mechanisms and materials, 1 
(38), (2017) 21-26 (in Georgian).

[7].V. S. Zviadauri, M. A. Chelidze, G. I. Tumanishvili, On the spatial dynamical model of 
vibratory displacement, Proceedings of the International Conference of Mechanical 
Engineering; London, U.K., 30 June - 2 July, (2010) 1567 – 1570.

[8].R. Ganiev, V. Kononenko, Oscillations of solids. M. Nauka, 1976 (in Russian). 
http://stu.scask.ru/book_cst.php.

[9].O. G. Loktionova, Dynamics of vibratory technological processes and machines for the 
processing of granular materials, Dissertation, 2008 (in Russian). 
http://www.dissercat.com/content/dinamika-vibratsionnykh-tekhnologicheskikh-protsessov-
i-mashin-dlya-pererabotki-neodnorodnyk. 

Annals of Agrarian Science 17 (2019)  277 – 285



Papers to be published in “Annals of Agrarian 

 1. 

and  Analysis, Conclusion, References.
 2. Authors have  to submit their manuscript to 

http:// .org.
ge/ .php

Paper arrangement:
• Field of science in top right hand corner.
• Title.
• Surnames,  names and patronymics 

of the authors.
• Name of the , address, positions 

and  degrees of the authors.
• Annotation  lines, about 500 

graphic units
• Body of a paper.
• Pictures, graphs, photos on separate 

pages.
•  of references  in the order of citation; 

References in the   be given in 
square brackets.

• Summary about 500 typographic units
• 
• 

11,14.
• 

typewritten pages including pictures, 

mm margins from the four sides.
• Language:  English.

 3. Arrangement of Figures:

numerals according to their appearance in a 

lined vertically.

white paper or using computer graphics. 

written in pencil.

 5. 

pencil.
 6. Indication of references:

For papers: surnames and initials of the 

number, year, pages.
For books: surnames and initials of the 
authors, book, place of publishing, year, 
total number of pages.

 7. Corrected version will not be returned to the 
authors.

 8. Declined papers will not be returned to the 
authors.

 9. The Editorial Board reserves the right not to 
consider papers which are arranged ignoring 

 10. 
to contact us: editorial@agrscience.ge

GUIDE FOR AUTHORS




