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ABSTRACT

In order to know exactly the productive potential of a variety(genotype) and for choosing pollinator
(genitor), to create new varieties, as well as for the anticipated appreciation of the economic results,
methods are used to verify the viability of pollen by specific enzymatic methods, as well as its germination,
on different cultural backgrounds. In the present paper it is investigated in vitro and it is evaluated
microscopically, the vitality of pollen in some Romanian peaches and nectarine varieties, in order to evaluate
the yield of pollen %R(G/V) germination in the conditions given by the experiment, relationship expressed
through germination capacity and mature pollen viability from fresh anthers.There were evaluated three
peach varieties Amalia, Congress and Splendid, and also two varieties of nectarines Tina and Mihaela. The
best performance (yield) in germination was recorded in the liquid medium with sucrose of 20%, having as
leaders for peach Amalia and Splendid varieties, and for nectarine having as leader Mihaela variety.

REZUMAT

Pentru a cunoakte c¢Ot ma i exact potenSialul produc
pol eni zator (genitor) pentru cr ear €aii attigpaten @ fezultstelar u r i
economice, se practickt metode de verificare a viabil.@
germinare a acestuia pe medi. di ferite de culturt. Cn
microscop i C vitalitatea pol enul ui I a unel e soi uri roman
randamentul ui “n germinare %R( G/ V) al pol enul ui “n ¢
intermedi ul capacittSiipodeernmilnuait imet ukri ed i biealmit! i tprSd d e
evaluate trei soiuri de piersic Amalia, Congres ki Spl

mai bun randament in germinare a fost inregistrat pe mediul lichid cu zaharoza 20%, avand ca lider pentru
piersic soiul Amalia urmat de Splendid, iar la nectarin avand ca lider soiul Mihaela.

INTRODUCTION

The importance of this study consists in the "Evaluation of the pollen vitality in correlation with the
weather conditions of three Romanian varieties of Amalia, Congres and Splendid peaches, and two
Romanian varieties of Tina and Mihaela nectarines, as well as the highlighting of the relationship between
the composition of culture media, variants of media culture with germination proportion and germination yield
(as biological value of pollen) for forecasting fruit harvest. Some varieties of fruit trees created in Romania
have not been researched and characterized and from the point of view of vitality pollen. The vitality of
pollen (as a biological feature) is an important factor in amphimatic (binding) reproduction. Therefore, many
Romanian and foreign researchers, have fAin vitroo experimented the ge
fruit trees and the pollen of other horticultural plants. The used nutrient media in vitro, were either liquid or
solids of various concentrations in sucrose with 0.01% boric acid using temperatures (T°C) for pollen
germination of 18 ° C to 25 ° C at fruit trees (Butac M., 2006, Blidariu A.,2008, Ivascu A., 2001, Cociu V.,
Oprea St.,1989, lordache M., 2009) and (P £ d u r e a n u ) irvestigated @tOAThpelopsis brevipedunculata,
Ampelopsis aconitifolia, Vitis vinifera. Coloring methods were used with Acetic Carmin, Methyl Blue, and
Ferrous Hematoxylin to highlight both the initial nucleus and the two generative and vegetative nuclei
(Dvornic V.,1960). Other foreign researchers have used different methods (directly / indirectly) following the
quality and vigor of pollen (Sulusoglu M., 2014);The indirect methods represented by cytological parameters
such as pollen colony intensity with TTC and IKI (Abdelgardir H.A., 2012,, Burke I.C., 2007, quoted by

15



INTERNATIONAL SYMPOSIUM [SB-IN/ -H' 2017

Soares T.L., 2013); and the direct methods such as "in vitro" germination of various pollen types of peach,
nectarine, cherry, agave, Passiflora, etc. (Acar I., 2010, Alcaraz M.L.,2011, quated by Soares T.L.,2013,
Radicevic S.,2013, Sulusoglu M.,2014, Sharafi Y.,2011). The influence of pollen hydration onto germination,
has a great importance, because the degree of varied humidity (varied) of fresh pollen, influences the
proportion and the rhythm of germination, both in fresh pollen and in the preserved pollen (experimented with
Kunzea and Zea mays, XIE B.,2010). Thus, pollen is hydrated in the first phase and then stimulated to
germinate in vitro on various media (solid / liquid) covered with cellulosic substrate using experimentally
controled temperatures in Arabidopsis thaliana (Boavida LC, 2017, Rodriguez MJ., 2013). The need for
hydration to precede germination has also been observed and verified by other researchers such as (Cresti
M., 1978, Kaufmane E., 2004, Hedhly A., 2004) who have experienced in vitro germination of pollen in
apricot and peach from Latvia. Also, (Herrero M.,1989, quoted by Alburquerque N., 2004) it has found that
at the apricot in the first stage of germination the more pollen granules on the stigma, the more germination
is stimulated and the kinetics of the polinic tube on the stigma is favored by the enzymatic secretion of the
stigma. The pollen viability test shows the ability of pollen to perform the cellular transport function (pollen
spermatic cells) in the embryobag, following the compatible pollination (Diaz-Lopez S, 2008). The objective
of this paper is the pollen analysis by microscopic methods, determination of germination capacity and pollen
viability by correlation of the parameters with the degree of binding of fruits to those researched / evaluated -
Romanian peach and nectarine species. The analysis was based on the documentation regarding the
research stage in the field approached, correlating our results with those of the specialty literature.

MATERIAL AND METHOD

In the second decade of April 2011, at the first bloom of our fruit plantation,  flower samples were
taken from several varieties of peaches and nectarines, which consisted of open flowers (anthesis) as
well as in course of blooming or in the bud phase. Pollen of flowers was analyzed, from three Amalia pear
varieties, Congress and Splendid, as well as from two varieties of nectarine Tina and Mihaela. It was
also considered that all three ripening periods (early, medium and late) should be included in the choice of
varieties. For the viability assessment (V%) and germination capacity (G%) of pollen for each variety,  we
used extracted anthers from several flowers (to have a homogeneous sample and to represent as accurately
as possible the biological potential of pollen at that time). For the viability assessment (V%) of the pollen of
a particular variety, the anthers were detached from the stamens of the open flowers or fresh blossoms. The
pollen was deposited on a glass slide and the specific enzymatic method for determination of "pollen
viability" (Andrei M. and Paraschivoiu R., 2003) was applied. Always the viability on pollen is working
without the presence of anther. Viability (V%) was expressed as percentage by the viable pollenat the ratio
of the total granules in the examined microscopic fields. For the germination capacity assessment (G%) of
the pollen, the anthers were put in a small clock bottle, plus a few drops of distilled water to release the
pollen from the anther. According to the results of the experiments of the previous years, (lordache M.,
2009, lordache M., 2010), we have chosen to sow the media only with pre-hydrated pollen, (XIE, B.,2010,
Cresti, 1978, Kaufmane E.,2004, Hedhly A.,2004). The pollen content in each watch bottle consists in a
medium sample (one experiment) for the examined variety . From the average sample of each variety, the
seedings of germination media were made in 2 different concentrations of sucrose. For each sucrose
concentration three test variants (v1, v2, v3) were seeded to test the action of floral parts on germination.
The media used to evaluate the pollen germination are liquid media - distilled water (a.d.). To verify and
ensure the  safety results were made 3 identical re[petition of germination (parallel sowings). Each
microscopical lamella was a testing variant (v1, v2, v3). The two culture media were used in sowing in
2 concentrations of sucrose, namely 15% and 20% for peach and nectarine. In addition, each medium
contained 0.01% boric acid (H3BO3). These concentrations of sucrose have been chosen becouse, in tests
on apple pollen, for example in previous years, germination has been very low and oscillating and therefore
inconclusive. To limit the risk of contamination and to avoid environmental damage of germination, all
utensils, filter paper and culture media were sterilized. As a novelty of experimentation, in sowing the
hydrated pollen from the average sample of each variety, in germination medium some floral elements
(pistil, anthers) were applied as follows: (v1) -The liquid medium drop was sown only with pollen; (v2) -The
liquid medium drop was seeded with pollen accompanied by pestle; (v3) -The liquid medium drop was
seeded with pollen accompanied by empty anthers. The pistil was introduced into the liquid medium , to try
a simulating condition in vivo,  with reference to the stimulating effects that ginacea induces upon the onset
of germination (on the stigma) and then on the development of the pollen tube. However, the pistil may also
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have a negative effect because of environmental contamination with Saprophytes (yeasts, molds) and can
itself constitutes an undesirable nutritional support for the development of these germs. In this purpose, |
kept 3-5 emptied anthers in the drop (v3), for pursuing these possible negative processes. Lamellas with
liquid medium , were kept at a temperature of 17°C to 20°C in a humid atmosphere, so that the liquid
medium does not evaporate. Concentration of the culture medium by evaporation of water is avoided and
consequently the concentration of boric acid (H3BO3) and sucrose is constantly maintained. The humid
atmosphere was maintained by introducing of each variant from the "portobject lamellas” (in 8.5 cm diameter
Petry glass boxes), lined with wetted filter paper with sterilized distilled water (Andrei M and Paraschivoiu R,
2003 and AndreiM.and Rtdul es c u AfteDsowing,1h@ firs [phoratory tests were done after a 5-
hour cheking interval and at 24 hours. For the microscopic exam, the IOR type ML4-M optical microscope
was used. The examination was done in the transmitted light and in contrast to the 10x ocular phase and
the lenses 10x, 20x, 40x. The germination was expressed as a percentage (G%) by reporting the pollen
germinated to the total of the existing and counted granules. As is currently practiced, there were
considered that the granules having the pollen tube length at least equal to twice the diameter of the pollen
are germinated. The obtained results at the 3 repetitions/experiments were expressed as a percentage
based on the suitable arithmetic mean. Then the germination values (G%) were also reported to the
viability values (V%) corresponding to the variety (G / V). The yield of pollen germination% R (G / V) was
obtained.

RESULTS

On peach, the germinations on 15% and 20% sucrose culture media in the three variants (v1, v2, v3)
have very similar results for the same variety (Table 1, Graphic 1, Figure 1 and Figure 2). Inthe Splendid
variety the results are identical,and namely the germination in the total pollen was 45% for both 15% and
20% sucrose suitable and the% R (G / V) is 75% identical for both sucrose media. The best germination was
for Amalia variety of 50% for the medium with 15% sucrose and 53% for germination for the medium by
20%. Sucrose. Although , Congres peach variety has recorded relatively close but low values, having the
lowest viability (V%) of 39% and the poor germination of approx. 32% on both cultural media, it has a very
good germination rate of% R(G/V) of 82% for the medium with 15% sucrose and for the 20% sucrose
medium the yield% R(G/V) is 77%. In general, it may be considered as being satisfactory a germination of
approx. 30%, as it can ensure the binding of the fruit to a normal production.

AMALIA CONGRES SPLENDID

O G% +sucrose20% B Viability% 0 %R(G/V)+sucrose20%

Graphic 1 - The germination relationship, viability and germination yeld
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Table 1

The relationship between germination G%, viability V% and germination yield % R(G/V) at PEACH (2011)
on the medium with 15% sucrose and 20% sucrose

Mature pollen
Germination max(G%) of the | Viability (V%)* Yield of Germination %
VARIETY total pollen R(G/V) **
sucrosel5% sucrose20% sucrosel5% sucrose 20%
AMALIA 50 53 67 74 79
CONGRES 32 30 39 82 77
SPLENDID 45 45 60 75 75

(*)Determined Viability(V%) by the staining

method with 2,3,5, triphenyltetrazole chloride.

(**) Germination yield% R (G / V) calculated by ratio between germination / viability (%)

A I

granules with Pollen tube
developed with "apical peack"” formation; In
transmitted light; Ob.10x; to the peach variety
AMALIA (sample from 18.04.2011)

Fig.1- Overview:

Fig. 2. Detail: pollinic tube in "phase contrast" with
evident protoplasmic granulation and the two nuclei
(vegetative and germinating); Ob. 20x; to the peach
CONGRES variety (sample from 16.04.2011)

For nectarine (Table 2, Graphic 2, Figure 3 and figure 4), the viability between the two varieties is
very different, so the Tina variety has almost double the value of 79%, while the Mihaela variety has only

40%.

Such as the nectarine Tina variety has a much lower germination than Mihaela, meaning 18% and

27% for 15% and 20% sucrose cultures and as a result and% R (G / V) is low.

80

60

40

20

TINA

MIHAELA

O Germination%

B Viability%

OYeld R(G/V)%

Graphic 2 - The germination relationship, viability and germination yield on sucrose medium
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Table 2
The relationship between germination G%, viability V% and germination yield % R(G/V) at nectarin (2011) on
the medium with 15% sucrose and 20% sucrose

Mature pollen
Germination max (G%) Viability Yield of Germination %
Variety of the total pollen (V%)* R(G/V) **
Sucrosel5% | Sucrose20% Sucrosel5% | Sucrose20%
TINA 18 27 79 23 34
MIHAELA | 23 33 40 57 82

(*) Determined Viability by the staining method with 2,3,5, triphenyltetrazole
chloride; (**)The germination yield% R (G / V) calculated by ratio between
germination / viability (%)

) 5 .
Fig.3-Overview: pollen granules predominate | Fig.4-Overview: Pollen granules predominate with
with developed poline tubes; Staining with | developed poline tubes; Toluidine blue staining;
diluted Safranin; Ob.10x; To nectarine Mihaela | Ob.10x; To the nectarine TINA variety (sample from
variety (sample from 16.04.2011) 16.04.2011)

Regarding the weather conditions between December 2010 and April 2011 and the influence on the
viability and germination capacity of peach and nectarine varieties. (Graphic 3, Table 3, graphic 4), we
specify the following: If excessive or alternating temperatures had been at the basis of declining germination
rates in 2011, then all varieties would have been strongly and almost uniformly affected, as they would
have been in the same phenophase and with the same degree of sensitivity, (such as it would have been
happened , the appricot and peach calamity in winter 2009 - 2010) (I or dache M, Andr e)

In December 2010 - January 2011, the monthly average temperature was comparable to the
multiannual average, without excessive temperatures deviating in addition or in minus. There have been
no deviant and rapid passage differences to disturb the natural adaptation rate of the floral buds. The
average temperature of December 2010 was -0.4°C and the multi-annual average of -0.1°C. Decades of
December 2010 had average temperatures of + 3.2 ° C; -4.5°C; + 0.3°C. Month January 2011 had a
monthly average of -2°C and a multi-annual average of -3.1°C. For the decades of January, average
temperatures were: -3.6°C; +2.0°C; -3.7°C. In the period 15-17 January 2011 there were 3 days when the
maximum temperature (daytime) was + 8°C to + 12°C.

The temperature was not enough to cause the buds to decay and the period before
microsporogenesis did not pose any risk. Towards the end of the month between January 26 and January
31, 2011, the minimum temperature fell from -10°C to -14°C and continued between February 1-5 with
minimum temperatures ( -17°C) to ( -8°C). This prolonged interval of 11-day moderate cold had favorable
consequences because its thermal value did not present a danger of injury (did not reach -20°C).  On the
other hand, the uninterrupted cold protected the decaying flower buds and of the risk of accelerated
preparation for entering the vegetation; Also the uninterrupted cold kept cellular low breathing as well as
consumption from the starch reserve. In this period, a "winter stabilization" was in fact provided to protect
flowering buds. In February, the minimum (nocturnal) temperatures were permanently negative and recorded
in the multi-annual thermal oscillation. Thus, buds did not receive any heat stimulus that would lead to the
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exit from latent state of low metabolism. This correlation between severe weather factors and low
metabolism has protected the physiological potential of flowering buds in apricot, peach and nectarine. The
average of February 2011 was -1.9 ° C, and the multi-annual average of -0.7°C, and the decades of
February in thermal terms were -2.6°C; -0.4°C, -3.0°C.

In March the medium temperature (daily average between minimum and maximum temperature)
was of + 5°C, while the multiannual average is +4.2°C. Starting with the second decade of March,
temperatures were only positive and the temperature for decades was -0.3°C; +7.1°C, +8.0°C. Month
average in April was + 9.9°C, and the multi-annual media of +11.3°C. Compared with winter 2009-2010
(year with calamity effects for varieties of apricot, peach and nectarine), this year 2011 microsporogenesis
had a normal evolution, unaffected by weather conditions. Therefore, differences between varieties of
germination capacity and pollen viability are determined by the variety-specific characters. These
characters may be influenced by the interaction of the plant with different phytopathogenic agents (viruses,
moniloses), of plant age, and the time manifestation of the negative consequences of meteorological and
phytopathogenic accidents from previous years.
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Graphic 3 - Dynamics (T°C) of min. and max for Dec. 2010 - Jan. 2011

Table 3
Temperatures (°C) and rainfall (L / mp), multiannual averages December 2010 -April 2011
Average temperatures December January February March April
2010 2011 2011 2011 2011
Monthly average T° C -0.4 -2.0 -1.9 +5.0 +9.9
Multi-annual average T° C -0.1 -3.1 -0.7 +4.2 +11.3
Sum of precipitation L / mp 73.5 3.0 1.4 0.3 6.4
30
25
20 _
15
10
~
5 — <
T S G SO B SR R >
“ K &&0 @rﬁ N EY Qg.v"
Temperatura medie lunara / anuala (lulie 2010 - Aprilie 2011)
Temperatura medie lunara multianuala

Graphic 4 - Monthly average/ annual temperature (July 2010 - April 2011) and monthly multiannual average

CONCLUSIONS
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Following the experiments performed in 2011, where the viability (V%), the germination capacity (G%)
and the pollination yield% R (G / V) of pollen were evaluated for the 3 peach varieties and 2 varieties of
nectarine, the following conclusions can be drawn: The pollen maturation was carried out under normal
physiological uninterrupted conditions in accordance with the favorable evolution of weather conditions. The
flowering at peach in the year of our research started on 18.04.2011 and at nectarine the flowering started
on 13.04.2011. At peach, mature pollen showed V% = 39% -67% (determined by 2,3,5, TTC), G% = 30% -
53% and% RG / V = 74-82%, having The Amalia leader followed by the Splendid variety. The Congress had
the worst germination. To nectarin, mature pollen showed V% = 40% -79% (determined by 2,3,5, TTC),
G% = 18% -33% and% RG / V = 23-82% having as a lider Mihaela variety, and Tina had a low germination.
The best germination in all varieties analyzed by peach and nectarin, was recorded in the liquid medium with
zh. 20% and H3BO3 -0.01%. Size relationship between variants (v1, v2, v3) is the following: v2 has a
maximum value, vl has an average value, and v3 has a minimum value. This relationship expresses the
germination yield of viable pollen (under experimental conditions) such that: In variant 2 (v2 / medium +
pollen + pistil), the highest germination values are observed and it is confirmed the stimulating role of the
pistil in the germination and the pollen tube increase. Variant 3 (v3 / medium + anthers) usually has the
lowest value with the lowest germination in all varieties as a result of a possible negative influence on the
germination of the anther's tissue. The results G% / V% express a vital correlation for the variety / species,
but also very important for the practical consequence, meaning for fruit binding and fruit production.
In practice, under the conditions of SCPP Baneasa, 30% germination capacity of the pollen ensures the
binding of fruits and a normal fruit production. Our experimental results from 2010-2011 are new
contributions to the studied subject, referring to an assortment of Romanian varieties not studied yet.
The Romanian varieties analyzed, namely peach and nectarine, gave birth in 2011 to the specific potential of
each, and confirmed the proper germination and proper binding of the fruits, not disturbed by weather
conditions during microsporogenesis and flowering.
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ABSTRACT

Mathematical simulation model is a suitable tool for understanding the hydraulic behavior of an open
irrigation canal and obtaining information on actual hydraulic parameters of water flow. In this paper, a
simulation model of an open irrigation canal created using hydraulic software HEC-RAS is presented. The
model was calibrated with observed flow data in steady state conditions and optimal roughness value and
actual canal carrying capacity were determined. & o muyter simulations for different values of roughness and
operating discharge were carried out in order to diagnose the condition of the lining and defining the limits of
the hydraulic parameters of the studied canal.
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INTRODUCTION

In irrigation systems the flow parameters are measured in a limited number of points along the canal
course, which does not provide sufficient information for effective management - supply of needed water for
irrigation of the agricultural crops without deficiency or excess spillage.

Mathematical simulation model is a suitable tool for understanding the hydraulic behavior of the open
irrigation canal and for obtaining information about the actual values of the flow parameters. As a result of
the hydraulic analysis of the flow in the canal carried out with a model, complete information is obtained
about the changes in water levels along the canal occurring after each change of water supply at the head of
the canal and/ or change of the water discharge in the canal offtakes (Baume et al,.1994). The roughness
factor is an essential parameter of the mathematical models of the open canals as it participates in the
calculations of the friction slope and influences the hydraulic parameter determination accuracy. Models
should be calibrated by roughness parameter.

Computer analysis can be very useful in assessing the existing situation of an old irrigation system with
open canals and in searching for possible solutions to improve water management. With the calibrated steady
flow model, in terms of roughness hydraulic studies and assessing the influence of operating conditions can be
carried out.

In this paper, a simulation model of an open irrigation canal created using hydraulic software HEC-
RAS is presented. The model was calibrated with observed flow data in steady state conditions and optimal
roughness value and actual canal carrying capacity was d et er mi ned. gomput er si mul a
values of roughness and operating discharge were carried out in order to diagnose the condition of the lining
and defining the limits of the hydraulic parameters of the studied canal.
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MATERIALS AND METHODS

Description of software used

In this study, the freeware software HEC-RAS, Version 4.1 (Hydrologic Engineering Center - River
Analysis System) developed by U.S. Army Corps of Engineers, is selected to create a simulation model of
the study canal. Using this software, one-dimensional hydraulic calculations are performed in a branched
network of natural and / or artificial channels. The software system includes a user interface, steady flow
model, unsteady flow model and modules that provide graphical and tabular presentation of the results. It
can simulate steady and unsteady flows in open channel. For the steady state conditions, water surface
profile can be simulated in critical, supercritical and mixed flow regimes (US Army Corps of Engineers,
2010).

For conducting hydraulic modeling and simulation of the water surface profile in irrigation canal data
are required for its geometry, the boundary conditions, the water discharge, the canal roughness, geometric
description of the hydraulic structures along the canal course, such as gates, culverts, weirs. Introducing the
geometry of the canal includes defining the profile of the canal bed of the study reach by setting series of
cross-sections that longitudinally define its shape.

For the calculation of the longitudinal water surface profile at steady flow, the one-dimensional
equation of energy (Bernoulli equation) is integrated by the standard step method. In order to be able to start
the calculation, a discharge upstream of the canal and a stage downstream are set as boundary conditions.
For the interior points the stage is estimated keeping the water discharge constant.

As results of canal flow simulation the following hydraulic parameters: depth/ water surface elevation,
energy grade line elevation, friction slope, flow velocity, critical depth/critical depths line elevation, water
volume in the canal and others can be determined.

The roughness coefficient cannot be measured directly and therefore it is necessary to determine it by
other methods. One of the methods used to assess the roughness is by simulation with a mathematical
model. The classic approach for evaluation and calibration of the parameter roughness is associated with
modeling of the steady flow in the canal (Malaterre et al, 2010).

The computational procedure is iterative and simulations with the irrigation canal model are carried out
for a series of roughness values. For the determination of the roughness coefficient, the values of the
hydraulic parameters in the observation points along the irrigation canal course and the numerical results of
the computer experiments are compared according to a certain criterion. Nguyen and Fenton investigate the
application of three main types of target function and show that least squares minimization gives the best
results (Nguyen and Fenton D., 2004). The best match between the observed and calculated values for the
hydraulic parameter, according to the selected criterion, determines the optimal roughness value.

Description of the studied canal

The studied canal is a first part of an existing irrigation canal - the main canal M1-1of ASr edn a

irrigation system, in length 7.586 km, which starts from an attachment facility from the Binkus bent on the
Tundzha river from an elevation of 185 m to a distribution shaft in the region of village Gavrailovo 7.586 km
in length (fig. 1.) The canal is designed up to discharge 41 m?3/s.

The canal has trapezoidal cross-section and consists of 3 sections, two of them lined with concrete
2.642 km and 3.403 km in length with 2 m bottom width, a side slope of 1.5, the average bottom
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Fig. 1-Map of maincanalM-1-1 of ASredna

RESULTS

Hydraulic simulation model of the studied canal was created using hydraulic software HEC-RAS. It
was built on the basis of the design parameters of main irrigation canal M 1-1. When creating the simulation
model a realistic representation of the existing situation was sought. To reproduce the real geometry of the
canal, three cross sections are set - at the canal inlet, at the head of rocky canal section and at the head of
lined canal section in the canal end. The irrigation canal has a simplified geometry and the cross sections
can be introduced with four points and a value of the coefficient of roughness. Since two of the canal
sections are not completely lined, they were introduced with six points and changes in the lining are recorded
by entering two values of the roughness coefficient for the lined and unlined part of the bank (Figure 2a). As
boundary conditions rating curve at the head of the canal and critical depth at the end were set.

NS Sredna Tund;a Canal M1 H5 Sredna Tundja Canal K11
L - .

Elevation (m)

4

St |

(@)
(b)

Fig. 2 - Canal cross sections

Calibration of HEC-RAS model of the M1-1 canal for roughness coefficient n

The HEC-RAS model of the M1-1 canal was calibrated using data for observed inlet water discharge
and one depth at the end of the canal before the distribution shaft in the area of the village of Gavrailovo.
Calibration data was selected from the daily operational information for canal depth measurements during
the period from 14th of May to 29th of July 2012 under steady state of canal conditions.

The model has been used to simulate the steady flow in the canal M1-1 for increasing values of the
roughness coefficient of the lined part of the canal cross sections in the range of 0.014 to 0.04 and the
roughness coefficient equal to 0.035 for the unlined part and the rocky section in the steady state conditions.
The initial value of the roughness for concrete lined canal and grassed surface of unlined part of the banks
were selected in tables published in (Chow, 1959). A total of 20 experiments were conducted.
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The simulated and measured values of the depth in the end of the canal for different values of the
roughness coefficient are presented in Table 1. The simulated depth hydrographs were compared with
observed depth hydrograph using linear regression. No significant deviation between the measured and
estimated values is available and high correlation (R?, 0.9) between the observed and simulation depths was
achieved for the respective water discharges. An optimum value of the roughness n = 0.037 is determined for which the
correlation coefficient is the highest (Figure 3).

Table 1
Measured and simulated depth hydrographs for different values of the roughness coefficient
Qin - inlet discharge, h, - measured depth in canal end, hs.simulated depth in canal end, n- roughness coefficient

Qin , m3/s ho, m hs, m
n=0.014 n=0.025 n=0.035 n=0.037
3.5 0.83 0.69 0.76 0.81 0.82
9.5 1.39 1.15 1.24 1.31 1.33
12.5 1.61 1.33 1.42 1.49 1.51
15.68 1.66 1.48 1.58 1.65 1.67
18.44 1.78 1.59 1.69 1.77 1.78

Main canal M1-1 "SrednaTunja" Irrigation
System
2 -
£ 1.8 - R2=0.98
£ 1.6 -
o)
o 14 T
© 1.2 -
3
s 17
g 08 -
2 06 -
©
E 0.4
» 0.2
0 T T T 1
0 0.5 1 15 2
Measured values of depth, m

Fig. 3 - Comparison of measured values of depth in the tail of canal versus simulated values for roughness
coefficient n =0.037 using linear regression

By simulationsof steady f | ow i n t he c ptim@n valieofrthe meghnessnia+ 0087 and
increasing values of the inlet water discharge the current canal carrying capacity of 20 m3/s is determined, as
water discharge for which the depth in the lined canal section reaches the maximum 3.3 m, determined by
the height of the lining. A 50% reduction in capacity shows a significant worsening of the operational
performance of the canal.
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Fig. 4 - Canal cross section plot for roughness coefficient n =0.037and inlet discharge Qin =20 m?/s.

Simulation of steady flow in the canal for different value of roughness coefficient n

With the model of canal M1-1 simulations were conducted for different values of roughness in order to
diagnose the condition of the lining and study the parameters of flow in canal and determining their limits. For
several values of the roughness coefficient of the lined part of the cross section: n=0.017, 00.025, 0.035,
0.037 and inlet water discharge 18.5 m?/s, a steady flow in the canal was simulated.

The analysis of the modeling results shows the influence of the roughness on the flow parameters in
the irrigation canal. Figure 5 shows a longitudinal profile along the canal axis and water surface profiles for
the different values of roughness coefficient. Increasing the roughness in the canal leads to an increase in
canal depths. With further increases in roughness, the depths in the canal will reach the maximum of 3.3 m,
set at design with the height of the lining. Therefore, in the poor condition of the irrigation canal lining the
operating discharge should be reduced.

The simulated water surface profiles obtained can be used as reference for estimating the roughness
in the presence of updated data for observed depths at characteristic points along the canal course.

Q=18.5 m3/s

NS Sredna Tundja Canal M1-1

a4

1000

2000 00 4000 5000
Main Charnel Distance (m)

6000

7000

8000

Fig. 5 - Water surface profiles for different values of roughness coefficient n=0.017, 0.025, 0.035, 0.037 and water

discharge Q = 18.5 m¥/s
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CONCLUSION

Using the HEC-RAS hydraulic software, a simulation model of the M-1-1 c an all of ASredna
irrigation system was established, which was calibrated under steady-state conditions with available
operating data for observed depths. The results obtained in the hydraulic model studies have shown:

For roughness coefficient equal to 0.037 there is a good match to the simulated with the measured
values of the depth at the end of the canal at a high degree of correlation (R?= 0.987).

By determining the estimated value of the canal roughness, an actual value of the canal carrying
capacity 20 m?/s can be determined. A 50% reduction in capacity shows a significant worsening of the
operational performance of the canal.

With the increase of the coefficient of roughness, which simulates the deterioration of the lining, the
depth in the canal increases and it can reach the maximum determined during design.

The results of computer analysis can be used in the redesign and rehabilitation of existing canals and
to select the appropriate procedure for the operational management.
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ABSTRACT

The new variety of cowpea, Doljana, was created at the Development Research Center for Agricultural
Plants on Sands, Dabuleni, in the field of cowpea amelioration and registered in the Official Catalog starting
with 2017. This variety was obtained by repeated individual selection in a natural hybrid of cowpea
population. Doljana is a cowpea variety highly resistant to pathogens and tolerant to pest and has a high
productivity and an early age of about 11 days compared to the Jiana variety. The Doljana
variety,performed an average yield of 2697 kg / ha over a period of 8 years, with a production difference of
893.4 kg / ha, compared to the Jiana variety, very statistically significant. Also, compared to the witness
variety, Jiana, the Doljana cowpea variety records an early harvest of about 11 days and a higher ecological
plasticity. The grain yield obtained from the cowpea has varied according to the climatic conditions of the
years of study. Thus, there were significant positive correlations between the cowpea production and the
average air temperature of the cowpea growing season (May-August) and insignificant correlations between
the precipitation regime and the production obtained.

REZUMAT

Noul SOi de fasolinpt, Dol jana, a fost creat l a Cent
pe Nisipuri DLbul eni , “n c©mpul de ameliorare a fasoli
2017. Acest soi a cfSaset ionbdpivnwdtuapri mepelteatt " n cadrul
natural. Dol jana este un soi de fasolipt foarte rezist
are o productivitate ridicatt deisoiubmattor, digna. Soik Dodjaneea de cc
realizat o producpie medie de 2697 kg/ ha, pe 0 peri oacf
893,4 kg/ ha, fapt de soi ul martor (Jiana), foarte sem
comparativ cu soiul martor, Jiana, soiul de fasolipt Dc
zile bi o plasticitRetzal ¢adled@i die maiodmampe e au vari at
ale anilor de studiu. Astfel, ssauau “~nregi str at corelapii semni ficativ |
medi e din aer a perioadetaudestvppgét agxiog ehapbbolhniepeimni|
precipitapiilor ©bi producpia obpinutt.

INTRODUCTION
The spread of cowpea on a large area has led to its cultivation under different climatic, geographic and
edaphic conditions, being exposed under the influence of environmental conditions to rigorous natural and
artificial selections (Ha | | A. E. ©bi Zrrarotiz AD. LA. Bl 298 1, Mar i a, 1989,
Ploeg, Maga 1., 1990). Originally from Central Africa, cowpea (Vigna unguiculata L. Walp),
through plant biology, increased drought resistance and reduced soil fertility requirements, this plant being a
good alternative for bean and soybean culture, plants that are very sensitive to stress factors in areas with
excessive drought Boukar O bicolab., 2010, DEtgbiair Red)aAspRam 2,
research by H.A. Ajeigbe and B.B. Singh, 2010 at the International Institute of Tropical Agriculture (lITA),
Kano, Nigeria highlighted the role of cultivated cowpea in a sustainable farming system, by using it in animal
feed and helping to maintain the soil fertility by using manure. The use of sandy soils in southern Oltenia
implies a specific, rational and integrated farming system with less pretentious plants than soil fertility and
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tolerant to stress factors that ensure profitability and protection of the environment (Dr £ ghi ci Reta &bi
2016, Marinica Gh.,1994). The study of the plant-soil-climate relation, in the context of diversification of

species and varieties, preservation and protection of the environment, is in line with the National Strategy for

mitigating the effects of drought and combating soil degradation and desertification elaborated by MINISTRY

OF AGRICULTURE AND RURAL DEVELOPMENT. In this respect, the choice of plant variety and the
improvement of plants adapted to a particular area, by example cowpea, is a necessity for obtaining high,

safe and stable production.

MATERIAL AND METHOD

The research was carried out in a 3-year rotation: sorghum-cowpea-rye on a moist phreatic clayey-
alluvial soil with reduced natural fertility, low in humus (0.38%) and high in coarse sand (76%). The study
was conducted in irrigated system, by applying 3-4 watering with a norm of 300 m3 water per hectare, to
plant growth, differentiation of floral buds and blooming-fructified. The Doljana variety was obtained by
repeated individual selection within a natural hybrid of cowpea. The objectives, which were the basis for
selection were: colour, shape and grain size, productivity, grain quality, resistance to diseases and pests,
drought resistance, and adaptability to mechanical harvesting precocity. Following the repeated selection in
2005-2008, was obtained the T-20 cowpea line, which was multiplied and experienced in comparative
orientation cultures between 2009-2011 and then in 2012-2014 in comparative culture and competition.
Based on the results, the T-20 line was promoted in 2015 to the ISTIS network, for verification, and in 2017 it
was registered as Doljana name. The exploitation of the experimental results was done by statistical
methods, specific to each improvement step. The paper presents research results obtained under the
conditions of CCDCRPR0U6,etehingltoghe biologyn pro2l@tdif and quality of the plant in
the Doljana variety (T-20), compared to the Jiana variety, taken as a witness. The relationship between the
results obtained in the Doljana variety and those of the control variety, Jiana, was described by calculating
linear regressions, and the stability of production and productivity is reflected by the calculation of the
standard deviation and the coefficient of variation.

RESULTS

The analysis of the climatic conditions recorded during the vegetation of the coewpea plant (May-
August), during the experiment period (2009-2016), highlights the dryness of most of the years studied,
compared to the multiannual average (Figure 1). It is noted that the average air temperature increases by
0.81°C during experimentation, compared to the multiannual average, which is why the selection of species
and varieties of sandy soils should be chosen with great caution. Although the amount of precipitation
recorded during the vegetation period of the cowpea (May-August 2009-2016) is higher than the multiannual
average, it is unevenly distributed and insufficient in the phases of maximum consumption of plants, requiring
the hydrological deficit to be filled by irrigation.
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= = = Multiannual temperature (1956-2016=20,95 0C)

Fig. 1 - Climatic conditions recorded during the vegetation period of the cowpea (May-August)
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The statistical analysis of the research results on some of the biological and productivity
characteristics obtained in the Doljana variety, compared to the Jiana variety, reveals a differentiation of the
degree of variability (Table 1). The Doljana variety is distinguished by the better stability of the characters
pursued in the breeding process, compared to the Jiana witness. The coefficient of variation (s%) of the
number of pods per plant, the number of grains in pod, the vegetation period and the production of grains,
are lower in Doljana, compared to Jiana variety, which gives a better stability of these characters .
Considering the length of pods and one thousand grains weight (TGW), the Doljana variety recorded higher
values of the coefficient of variation, compared to the Jiana variety, but it was within the limits of the
experimental error.

Table 1

The degree of variability of some biological and productivity characteristics in the Doljana cowpea variety,

20009

compared to the Jiana -2086)i ety (Dtbul eni
_ Statistical No. pods / N_o. Length of Vegetgtlo Productio ToW
Variety analvsis lant Grains / pods n period n
y b pod cm -days- Kg/ha 9
Variation limits 6-12.8 9.2-13.7 14.2-18.4 | 99-119 1452-2142 | 154-195
. Average 9.09 11.53 16.26 108.5 1803.6 172.13
Jiana Standard
(control L 2.4 1.65 1.24 7.53 220.65 14.52
. deviation(l )
vanety) I"Coefiicient of
oetticient o 26.41 14.35 7.63 6.94 12.23 8.43
variation (s%)
Variation limits 14.3-23 8.2-12.7 11.4-16.2 | 93-104 2421-2900 | 113-150
Average 19.35 11.23 14.2 97.12 2697 129.5
Doljana | Standard 2.89 1.54 1.49 3.47 177.61 11.64
deviation(l )
Coefficient of 14.97 13.69 10.49 3.58 6.5 8.98
variation (s%)
LSD 5% 561.6
LSD1% 829.5
LSD 0.1% 1282

The analysis of the correlated distributions of the yields obtained in Doljana variety compared to the
Jiana variety for a period of 8 years shows the superiority of the Doljana variety, whose production variation
was lower (coefficient of variation 6.5% versus 12.23% ), which gives a better stability of the harvests of this
variety (Figure 2). Also, the Doljana variety recorded a production difference of 893.4 kg / ha, statistically
insured as significant.
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Fig. 2 - Comparison of the yields of grains obtained in the Jiana and Doljana varieties
(DEbul er016)200 9
31



INTERNATIONAL SYMPOSIUM ISB-IN/}
26
23 p—
——
20 ——
o '__-____-»-'--" y =0,9991x+ 10,271
=17 e r=0,827*
8 o
o 14 u
c -t
0 - -
:‘ 11 o it coce
[72) - -t
.g 8 p—— -
Q. Y
S s . . . . . . . .
5 6 7 8 9 10 11 12 13 14
No. pods / plant, Jiana
— = = Linear (Jiana=9,09 pods/plant;s%=26,41)
Linear (Doljana-19,35 pods/plant; $%=14,97)

Fig. 3 - Comparison of the number of pods / plant registered in the Jiana and Doljana

( Dt bni 2089-2016)

cH 2017

The weight of the grain is a variety characteristic, which varies depending on the climate and
technological factors (Figure 4). However, the two varieties were experimented under the same conditions,
which shows that the genetic material is the basis of the weight values of a thousand grains. The Doljana
variety has on average a TGW value of 129.5 g, and the Jiana variety has a TGW = 172.13 g. Both varieties
show good stability of this productivity element (s% = 8.43-8.98). The study of the relationship between grain
weight and the number of grains in the pod (Figure 5) shows a negative correlation for both varieties, but the
stability of the grain number in the pod is higher for the Doljana variety (s% = 13.69).
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Fig. 4 - Comparison of the weight of one thousand grains (TWG) recorded in the Jiana and Doljana cowpea

varieties (D20pleni 2009
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Fig.5 - Correlation between the grain weight and the number of grains in the pods recorded in Jiana and
Doljana cowpea varieties

The grain quality analysis (Table 2) highlights the higher levels of chemical components in the new
Doljana variety. Compared to the control variety (Jiana), in the chemical composition of the grain to the
Doljana variety there was an increase of 0.4% to the crude protein and 0.3% to the fat content. Among the
morphological characteristics of differentiation of the Doljana variety, compared to the Jiana variety, there is
also the colour of the grain, which is white, which gives it a more pleasant commercial appearance. The
boiling time and the percentage of shells of the Doljana grains are lower compared to the Jiana variety,
which determines the consumer's appreciation.

Table 2
The qualities of the grain in the Ji ana -2016)d
Variety Crud Protein Fats Shells Colour pf the Boil.ing time
(%) (%) (%) grain (minutes)
Jiana 21.8 2.2 11.36 Brown-red 85
Doljana 22.2 2.7 7.52 White 60

Dol j ana

CONCLUSIONS

The Doljana cowpea variety is suitable for the conditions of sandy soils, achieving an average grain
yield of 2697 kg / ha, with a statistically significant difference, as distinctly significant, compared to the Jiana
variety witness and an early harvest of about 11 days.

Doljana variety of cowpea are distinguished by good stability of the elements of productivity (s% =
8.98 to 14.97) and the production of grain (s% = 6.5).

The quality of the grains in the Doljana variety is superior to the Jiana control variety, due to the
pleasant commercial appearance (white color), the reduced boiling time, the percentage of the smaller shells
and the higher content in the crude protein (22.2%) and the fats (2.7%).
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/
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Victoriei Street, no 130, Postal code: 207220 Dabuleni, Dolj, E-mail: iuliandraghici54@yahoo.com
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ABSTRACT

The sandy soils from southern Oltenia provide a favorable microclimate for growing rye, a plant that
capitalizes very well the poor lands within the sandy soils category. Having a well-developed radicular
system with a high absorption capacity, rye is a little pretentious plant to the natural fertility of the soil, being
recommended in crops on those lands, that are unfavorable to wheat crops. The study, initiated in 2015, in
the conditions of sandy soil at the Development Research Center for Agricultural Plants on Sands, Dabuleni,
highlights the importance of technological factors, respectively: soil works, sowing season and plant density,
on the results obtained in the autumn rye. Under the conditions of 2016, the rye culture recorded a maximum
yield of 3774 kg / ha by sowing in September 15, providing a density of 500 germinable seeds / square meter
and a germination bed prepared by a plowing at a depth of 22-25 cm + disked at a depth of 10-15 cm. Grain
production, obtained from rye produced in this experimental variant, had the following qualitative parameters:
Crude protein - 12.6%, Gluten-22%, Zeleny - 32 ml, Falling Number - 330 s.

REZUMAT

Zona solurilor nisipoase din sudul Oltenieiasi gur &t un microclimat favorabil
plantt care wvalorifict foarte bine terenurile strace,
radicul ar bine dezvoltat, cCu o mare capacietnaStieo add dR
fertilitatea naturalt a solului, fiind recomandatt “n
culturii gr©ului. Stwudiul inipiat “n anul 2015, “n con
pentru CulturaPlant el or pe Ni si puri DLbul eni subliniazt i mporta
solul ui, epoca de sembinat bi densitatea plantelor, as
condipiile anul ui 2016, separodua@pi‘enreégi 8774t kghhanaprt iv
septembri e, asigurond o densitate de 50dlucrbre de.afatrip b i u
adancimea de 22-25 cm + discuit la 10-1 5 ¢ m. Producpia de boabe obpinutt
exper i mentale a avut urmkttor.i pla, 6% @latént 22%, clidicdlet Zalény-B82 : Pr ot
ml , | ndi c e lFalingidumizet) -d380rse (

INTRODUCTION

Rye recovered well the poor land, being less demanding due to deep root system and large absorption
capacity. It succeeds on soils where wheat does not give results, such as sandy soils (Matei Gh. et al.,
2009). After wheat, rye is the second grain used to make bread. Having a chemical composition similar to
that of wheat, rye flour is used to prepare bread, called "Graham Bread". Rye bread is darker than wheat, it
has a specific taste, slightly sour and less digestible. The soil works for autumn cereals must ensure: the
accumulation and preservation in the soil of all the water from the summer and autumn rainfall; the
accumulation of as much nutrients as possible in the soil by stimulating nitrification processes; a loose soil
layer, but at the same time "settled" for the good rooting of the plants and for the prevention of the
"dismantling" process; a seed bed without germination where the seed can contact as closely as possible
with soil particles, to grow in a short time and to control weeds, diseases and pests, that cause great damage
to the productions (Lupu, 2009).

Studying in parallel the classic soil and no-till system for 10 years on a clay-sandy soil, Curaqueo G. et
al. (2011) observe that apparent density and soil porosity were not significantly influenced by the work
carried out, but higher values are noted in the unconventional system of work and increase with depth,
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results confirmed by Martinez E. et al. (2008). Generally, it appears that soil that has been working for many
years in a no-tillage system leads to increased apparent density due to traffick of sowing machines (Botta
G F. et al ., 2 0 09), at Bausame tifAe soilepbrosityldecreases,0adpiienomenon associated
with the reduction of the O reserve necessary for heterotrophic microbial decomposition (Alvaro-Fuentes, J.
et al., 2008), thus explaining the large quantities of organic matter accumulated. Compaction can adversely
affect plant growth due to increased resistance to soil penetration, which may restrict the development of
roots, decrease drainage and water movement in the soil, or loss of nutrients, with direct implications for crop
development and level of production. Compaction of soil can also play a role in environmental pollution, such
as favoring greenhouse gas emissions (Ball et al., 1999).

MATERIAL AND METHOD

The researches were carried out under the terms of the agricultural year 2015/2016, at Dabuleni
Development & Research Center for Agricultural Plants on Sand and focused on the implications of the
sowing and the soil works on the production of rye in the conditions of sandy soils in southern Oltenia. The
experiment was organized according to the parcel subdivision method with three factors: Factor A - soil
works (Disked at a depth of 10-15 cm, Scarified at a depth of 55-60 cm, Plowing at a depth of 22-25 cm +
Disked at a depth of 10-15 cm); Factor B - the sowing season with three graduations (5 September, 10
September, 15 September); Factor C - sowing density (400 germinable seeds / square meter (g.s./s.m.), 450
germinable seeds / square meter, 500 germinable seeds / square meter. The rye culture was set up on a
sandy soil with reduced natural fertility, being poorly supplied in total nitrogen (0.05-0.07%), medium to
normal supplied in extractable phosphorus (33-65 ppm), reduced to medium supply in exchangeable
potassium (50-121 ppm) and a strong acidic reaction (pHnz0 = 4.66-4.79) (Table 1). Analysis of grain quality
(protein, wet gluten, Zeleny sedimentation index, Falling number) were made in the laboratory by Perten
method. Production and quality results were calculated and interpreted statistically using mathematical
functions and variance analysis.

Table 1

Characterization of the state of supply of soil with the main macroelements and organic matter

. Extractive Potassium .
The depth of Total Nitrogen Organic carbon .
the soil % Phosphorus (P-AL) changeable (K-AL) % pH in water
ppm ppm

0-30 cm 0.05 65 64 0.71 4.66

30-60 cm 0.07 33 50 0.07 4.89

60-90 cm 0.07 81 121 0.07 4.79

RESULTS

Analyzing the c¢limatic conditions recorded at

these were favorable for the growth and development of rye plants, within the biological requirements of the
plant (the minimum seed germination temperature of 1-2 degrees Celsius, the sum of the temperatures of
1800-2000 °C during the growing season, and in winter the young plants bear temperatures up to -20
degrees Celsius, without being covered by snow).

During the vegetation period of the rye culture (September 2015 - July 2016) there was an average air
temperature of 12.4 ° C, higher by 2.05 ° C compared to the multiannual average, thus noticing the arid
climate in the area of sandy soils. Although the precipitations have exceeded the multiannual average by
about 256.1mm, they have been unevenly distributed over the growing period of the rye, it is necessary to fill
the hydric water deficit through a watering of 250 m?® water / ha, applied during the accumulation period of
the dry substance in the bean.

The study, initiated in 2015 under the conditions of a sandy soil at the Development & Research
Center for Agricultural Plants on Sands Dabuleni, highlights the importance of the soils works the role of
sowing on the results obtained in the autumn rye (Table 2). The best production results were recorded by
sowing the rye on September 15, ensuring a density of 500 germinable seeds / square meter and a
germinated bed prepared by a plowing + discarding (3774 kg / ha). The differentiation of the soil preparation
mode for the sowing of the rye culture influenced the production, so that the highest average production of
3008.45 kg / ha was recorded in the soil preparation by plowing at a depth of 22-25 cm + disked at a depth of
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10-15 cm works, with a difference significant 309.78 kg / ha compared to the work only by disking at a depth
of 10-15 cm and 124.34 kg / ha compared to scarified work at a depth of 55-60 cm.

120 30
25 :J
—'E~ 20 g
E 15 %
fg 10 ;.’
2 +5 ‘::a
0 <
-5
WM Rainfall 2016 (mm) Rainfall multiannual (mm)
= -« = Ajr temperature 2016 ("C) Air temperature multiannual (“C)
Fig. 1 - Climatic conditions during the growing of rye, 2015-2016
Table 2
The production of grains obtained in the autumn rye depending on the soil works and the sowing of the plant
Sowing variants Grain Yield (kg/ha)
Period Density Disked Scarified Plowing+di | - Average
sked

400 g.s./s.m. 2223 2254 2422 2299.7

05 September 450 g.s./s.m. 2454 2454 2584 2497.3
500 g.s./s.m. 2887 3054 3144 3028.3

Average epoch | 2521.33 | 758733 | 2716.67 | 2608.4

400 g.s./s.m. 2484 2544 2655 2561

10 September 450 g.s./s.m. 2814 2888 2916 2872.7
500 g.s./s.m. 2954 3488 3624 3355.3

Average epoch Il 275067 | 297333 | 3065 | 29297

400 g.s./s.m. 2602 2625 2688 2638,3

15 September 450 g.s./s.m. 20924 3125 3269 3106
500 g.s./s.m. 2946 3525 3774 3415

Average Epoch Il 2824 3091 67 324367 3053.11

Average soil works 2698.667 2884.11 3008.45

LSD 5% 252 287 267
LSD 1% 321 332 314
LSD 0.1% 384 398 377

Compared to the September 5 seeding, the production increase of 404.67-527 kg / ha is noticeable
when sowing on September 15 in all variants of soil work (Figure 2). The production of rye is influenced by
the number of plants harvested, registering increases of 596-926 kg / ha, by providing for the sowing of 500
germinable seeds / square meter, compared to the density of 450 germinable seeds / square meter (Fig. 3).
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Fig. 2 - The yield obtained on rye depending on the sowing season and the soil works
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Fig. 3 - The yield obtained on rye depending on sowing density and soil work

Mathematical analysis using polynomial functions emphasizes great functional links between grain
production and experimental factors studied in rye (Figure 4). Significant positive correlations are highlighted
between the production obtained in the three soil cultivation methods and the different sowing variants (r =
0.722 * -0.782 *). Rye grain production is also dependent on the weight of one thousand grains (TGW), with
a significant positive correlation represented by a linear function (Fig. 5).

3900 y Scarified =-5,2716x2 + 172,43x+2188,9 yDisked =-11,104x2 + 181,07x+2144,9
r=0,731* r=0,765* P

3700

3500 & albuY
— 3300 / \ L LA * y‘ —
_E N snn®?
§ 3100 x *
E 2900
[T} .
2 2700 .
£ 2500 4 2 _—
g
w2300

2100 yPlowing+Disked =2,9654x2 + 95,68 + 2436,1

1900 r=0,722*

1700

15[D T T T T T T T T 1

0 1 2 3 4 5 6 7 g 9
Epoch 1/400,450,500 g.s./s.m. Epoch 11/400,450,500 g.5./s.m Epoch 111/400,450,500 g.s./s.m.
+  Scarified A Disked Plowing+Disked
e Poly. (Scarified) —— -« Poly. (Disked) » s e ese Poly. (Plowing+Disked)

Fig. 4 - Correlations between production and different sowing variants in rye culture
studied within soil work systems

38



INTERNATIONAL SYMPOSIUM [SB-IN/ -H' 2017

4000
BB S= e

3000 ———— 2 * —— —————
2 o ¢ ¢
E 2000
3
¥ 1000 y = 688,83x - 2?501
o r=0,7144

40.5 41 41.5 42 42.5 43
TGW (g)
¢ Seriesl —— Linear (Seriesl)

Fig. 5 - Correlation between production and the weight of one thousand grains (TGW) for autumn rye grown
under sandy soil

Analysis of the quality of grain rye in working the soil by plowing + disking variant, shows
differentiation of the protein content, gluten index Zeleny and of the Falling test, depending on the period and
density of seeding (Table 3). luliana Banu, 2003 shows that the protein content of rye can be a good
indicator of its baking quality. The chemical composition of the grains of rye, shows the values of crude
protein in the range of 10.1 to 12.6%, with a tendency to increase with increased density of plants and
sowing in the optimal period of 15 September.

The content of wet gluten grains and the Zeleny sedimentary index are very important quality
indicators for the technological process, contributing to the characterization of the dough, especially the
processing capacity and its baking potential. With a high gluten content of 22%, we noticed the sowing
variant in Sept. 15, at which the Zeleny sedimentation index recorded values of 31.5-32 ml. Fall index values
(Falling Number test) were in the range of 329-347 seconds, revealing a deficiency of alpha-amylase activity
but that can be corrected in the process.

Table 3
The quality of rye harvest, depending on the time and density used for sowing, in the Plowing+disked variant

P:c;:/f/)ii;f Density Pr(c:’;sin Gluten (%) inileelfrgril) I\'I:L?EE)Egr
400 g.s./s.m. 10.1 219 34 347
05 September | 450 g.s./s.m. 11.2 21.8 32 338
500 g.s./s.m. 12.3 22 32 329
Average 11.2 21.9 32.67 338
400 g.s./s.m. 10.3 21.8 32 343
10 September | 450 g.s./s.m. 11.6 21.8 33 329
500 g.s./s.m. 12.4 21.9 33 331

Average 11.43 21.83 32.67 334.33
400 g.s./s.m. 10.4 22 315 336
15 September | 450 g.s./s.m. 12.2 22 32 332
500 g.s./s.m. 12.6 22 32 330

Average 11.73 22 31.83 332.67
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CONCLUSIONS

The differentiation of the soil preparation mode for the sowing of the rye culture influenced the
production, so that the highest average yield, of 3008.45 kg / ha, was recorded in the soil preparation by the
works Plowing at a depth of 22-25 cm + Disked at a depth of 10-15 cm, with a significant difference of 309.78
kg / ha, compared with Disked work at a depth of 10-15 cm and a insignificant difference of 124.34 kg / ha,
compared to the 55-60 cm Scarified work at a depth a 55-60 cm.

We showed a significant positive correlation between the yield obtained from the three methods of working
the soil and sowing different variants (r = -0.782 * 0.722 *).

Rye production recorded a maximum of 3774 kg / ha, by sowing in September 15, providing a density
of 500 b.g./mp a prepared seed bed by Plowing at a depth of 22-25 cm + Disked at a depth of 10-15 cm. The
grain yield obtained in this experimental variant had the following qualitative parameters: Crude protein -
12.6%, Gluten - 22%, Zelenny - 32 ml index, Falling Number - 330 s.
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OBTAINED FROM SWEET POTATO VARIETIES UNDER THE CONDITIONS OF

SANDY SOILS
/
| NFLUENPA EPOCI | DE PLANTARE CN CAMP ASUPRA P
OBPRI NUTI LA UNELE SOl URI DE CARESOEURDOR CE CN
NISIPOASE
Di aconu A. , Dritghici R. , Croitoru M., Drtghici | ., Di

Development & Research Center for Agricultural Plants on Sands,
E-mail: aureliadiaconu@yahoo.com

Keywords: production, biometrics, physiology, quality.

ABSTRACT

Sweet potato is a plant well suited to tropical and subtropical climates but can grow successfully in a
wide range of climatic conditions in which the average of the cold season is not more than 5 months. Taking
into account the plant biological requirements the sweet potato culture finds favorable conditions for growth
and development in areas with sandy soils in Romania. The researches carried out during the period 2015-
2016 at the Development Research Center for Agricultural Plants on Sands, Dabuleni highlights the variety
and the planting time in the field as determining factors in plant productivity. The results obtained from five
sweet potato varieties (Yulmi, Juhwangmi, Hayanmi, KSP 1 and KSC 1) studied during 3 planting times (10-
15 May, 25 May-05 June, 10-15 June) highlight the variety Juhwangmi, planted in the first period with an
average production over the two years of 43,750 kg / ha. The delay of planting of sweet potato shoots in the
field diminishes the tuber production by 13,068.27 kg / ha. Also, the percentage of the commercial tuber
(with a diameter of more than 3 cm) decreases along with the planting delay in the field. The results on the
monitoring of the physiological reactions of the sweet potato plant, emphasize the influence of the planting
time on the processes of photosynthesis and perspiration depending on the variety.

REZUMAT

Cartoful dulce este o plantt bine adaptatt Il a cli
succesintr-o gamt | argt de condipii climatice “n care media
cerinpele biologiceaaltefpldadtcei gdwletburea chendi pi i priel
zonele cu soluri ni si poase din RomO~RRO1EIla Cebteurde Eetrcetare | e e f
Dezvoltare pentru Cultura Plantel or pogadae glantaré ipcampca DL b u |
factori determinanapi “"n productivitatea plantei. Rezu
Juhwangmi , Hayanmi , KSP 1 &bi KSC 1) studi d3Mai25Maicadr ul
05 lunie, 10-15 1T uni e) evidenpiazt soiul Juhwangmi, pl antat T
cei doi ani de 43750 kg/ ha. Cnt©rzierea planttrii “'n
producnpi ei de tuberculi C u prdcéntulode 8ubefcil coknerdiahila(cu diareetris e me n e
peste 3 c¢cm) scade odata cu " ntoO©rzierea plantbtrii “n
fiziologice ale plantei de cartof dul ce, subl eselorazt ir
de fotosintezt bi transpirapie “n funcpie de soi

INTRODUCTION

Ipomoea batatas L. (Lam.) is an important plant grown for food security in many of the poorest regions
of the world, being tolerant to a wide range of edaphic and climatic conditions (Woolfe, 1992, Lebot, 2009) .
In Asia, sweet potato is a very important crop for starch production. Approximately 74.3% of total sweet
potato production is produced in Asia (FAO, 2014), and China is the largest sweet potato producer. Bitter
nutrition and fiber (of which 40% soluble fiber, which help to lower blood sugar and cholesterol), sweet potato
is the ideal food for diabetics, pregnant women and children (Betty J. Burri, 2011). The usefulness of the
sweet potato plant is also expanded in cows' diet, the use of cheese as a supplement to a basal diet of other
fodder, increasing milk production (Etela et al., 2008). Researches conducted in Louisiana by Ramén A.
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Arancibia et al., 2014, show that the yield of sweet potato production depends on the planting season,
pointing out that it was 47% higher at early planting (1-7 June) compared to late planting (June 30 - July 8).
Also, the biologic material planted by the use of varieties with a different vegetation period, contributes to the
resumption of supply on the sweet potato market (Mohammed Ahmed et al.,, 2012). The values of the
physiological indexes of the sweet potato cultivated in the climatic conditions of the sandy soils in southern
Oltenia showed that it easily adapts to the conditions with a thermal excess, being a loving plant of heat and
light (Aurelia Diaconu et al., 2017).

MATERIAL AND METHOD

Research on sweet potato culture was carried out between 2015 and 2016 at CCDCPN Dabuleni, on
a sandy soils, poorly supplied with (0.05-0.0) nitrogen, well supplied with phosphorus (73 ppm and 103 ppm),
reduced to medium potassium (59 ppm and 94 ppm), low in organic carbon (0.12% - 0.48%), and a soil
reaction (pH) slightly acid to neutral (pH =5.6 and 6.93). The purpose of the research was to determine the
moment of field planting of different varieties of sweet potatoes of Korean origin. The experience was based
on the parcel sub-division method with two factors. There were studied 3 planting periods (10-15 May, 25
May to 5 June, 10-15 June) to five sweet potato genotypes: Yulmi, Juhwangmi, Hayanmi, KSP 1, KSC 1.
The experience was established in the field by seedlings obtained in solarium with double protection by
planting of tubers during March 20-25. At 35-40 days of growing, the shoots were cut, kept for 24 hours at
room temperature and then on the 2 nd day, after 17 o'clock, they were planted on ridged field, the mulch foil
PPE and drip irrigation system. During the vegetation period, in the root tuberization phase, it was
determined photosynthesis rate and leaf perspiration rate at leaf level with the LCpro + Portable
Photosynthesis System, in 3 moments of the day. At harvest, were determined the tuber production and
quality, as follows: water content and total dry substance (%) by gravimetric method; Soluble dry substance
content (%) by refractometric method; Simple soluble glucosides (%) by Fehling Soxhlet method; Vitamin C
content (mg / 100g s, p) by iodometric method; Starch content (%) by gravimetric method. The obtained
results were interpreted by the analysis of variance and mathematical functions.

RESULTS

Analyzing the climatic conditions during the growing of sweet potato (May-September), it highlights
increased drought in the studied period, compared to the multiannual average, recording a plus of 1.49 ° C
(Figure 1). Under these circumstances, the choice of species and genotypes are essential factors in
practising an efficient agriculture system in drought areas. The five sweet potato varieties, experienced in the
sandy soils in southern Oltenia, in the phenophases of vegetation have gone through at an average air
temperature of 21.81°C, by accumulation in the soil of approx. 278.8 mm of rainfall. Although it is a drought-
tolerant plant that can survive longer drought periods in summer, the sweet potato plant needs moisture in
the soil for normal physiological processes (Dr Lt ghi c i R e t )aTherefore,asbil.moistuPeOdéfiBiency
was completed by irrigation using the drip method to provide 80% of the active humidity range.
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mmmmm Rainfall 2016-2016 (May-Sept.=278.8 mm) %°Q

Rainfall 1966-2016 (May-Sept.=269,49mm)
—— Average of air temperature 2015-2016 (May-Sept=2181°C)
- =W -~ Avarage of air tamperature 1956-2016 (May-Sept=20 32°C)

Fig. 1 - Climatic conditions of the growing season of sweet potatoes
cultivated under the conditions of sandy soils
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Analyzing the production of tubers obtained from the 5 varieties of sweet potatoes, harvested 120
days after planting of the shoots, according to the planting age, there are significant and very significant
statistically differences in production (Table 1). The maximum yield (43,750 kg / ha) was recorded in the
Juhwangmi variety planted on May 10-15. Also, all 5 varieties of sweet potato have made better use of
pedoclimatic conditions by early planting in the 1st age. Compared to the control variety, KSP 1, production
differences statistically ensured for the Yulmi and Juhwangmi varieties. Planting delay of 30 days, has led to
a decrease in average production of all sweet potato varieties in the following percentages: 44.7% in the
Yulmi variety, 34.2% in the Juhwangmi variety, 32.2% in the Hayanmi variety, 47.1% in the KSP 1 variety,
and 42.1% for KSC 1 variety. The late planting caused a decrease of 13,068.27 kg / ha in the average
production of the five varieties. The main cause of these losses is the high percentage of plants that have
perished due to atmospheric drought, although the soil has been permanently dripped. Also, the late planting
of the shoots led to a reduced percentage of tubers, because many of the plant's roots did not tuberize
anymore, they only increased in length.

Table 1
Influence the time of planting and variety on the tuber production
obtained in sweet potato under the conditions of sandy soils in southern Oltenia

Planting period Variety Kg/ha Difé;;szee Significance
Yulmi 36400 5833.5 *
Juhwangmi 43750 131835
Planted on May 10-15 Hayanmi 24499.84 -6066.66 00
KSP 1 (Mt) 30566.5 0 Mt
KSC 1 28000 -2566.5 -
Yulmi 34781.25 14656.25
Juhwangmi 422875 22162.5
Planted on 25 May-05 Hayanmi 22636.25 2511.25 -
June
KSP 1 (Mt) 20125 0 Mt.
KSC 1 19600 -525 -
Yulmi 20113.75 3960 *
Juhwangmi 28787.5 12633.75
Planted c’lr:SJ“”e 10- Hayanmi 16601.25 4475 :
KSP 1 (Mt) 16153.75 0 Mt.
KSC 1 16218.75 65 -

LSD 5%-= 4417.2 kg/ha
LSD 1%-= 5889.7 kg/ha
LSD 0.1%= 7669.8 kg/ha

The percentage of commercial tubers (tubers> 3 cm in diameter) ranges from 62.79-94.78%,
differentiated according to variety and planting age (Figure 2). The highest values were registered for the
Juhwangmi variety (90.06-94.76%), regardless of the planting epoch, and the lowest percentage of
commercial tubers of 62.79% was recorded for KSP 1, planted on June 10-15. The functional link between
plant  variants of the five varieties in three calendar periods is reproduced
through a polynomial function, showing a significant negative correlation (r = -0.569 *), and demonstrating
that the plantation delay leads to a decrease in the percentage of tubers larger than 3 cm in diameter.
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Fig. 2 - Influence of the planting season of some potato varieties on the percentage of commercial tubers
(diameter> 3 cm)

The results on the monitoring of the physiological reactions of the sweet potato plant underline the
influence of the planting age on the photosynthesis and perspiration processes according to the variety
(Figure 3). At the stage where the sweet potato plant is in the process of growing and developing and
tuberizing the root, it is observed that the highest values of the rates of photosynthesis were recorded in the
Juhwangmi variety planted on May 10-15 (30. 32 ¢ mol co2 |/ m2 [/ s), when
through sweat (4.82 mmol H20 / m2 / s. Climatic conditions have had a decisive role in the physiological
processes of the plant (Table 3). The process of photosynthesis is positively related to the photosynthetic
active radiation and plant transpiration increases with the temperature recorded at the leaf surface.

Values of plant photosynthesis and perspiration
e
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Fig. 3 - Variation of physiological processes in some sweet potato varieties depending on the season of planting
of shoots in the field
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Table 2
Climatic conditions recorded at physiological determinations of sweet potato plants
Photosynthesis 2ftnfsg ( Plant transpiration rate (mmol H20O / m?/ s)
Epoch | Epoch lI Epoch Il Epoch | Epoch Il Epoch Ill
18.246 16.695 11.448 3.748 4.433 2.113
Radi ation active i n-2gbh Temperature at leaf level (°C)
460.2-17106 | 947-1857 | 480-1666.7 28-35.4 29.4-36.3 28-31.7

The correlation analysis. established by the 2 nd grade polynomial function between the daily average
values of the sweat and the photosynthesis of the sweet potato plant reveals a distinct significant positive
functional relationship (r = 0.8785 **), which shows that the Juhwangmi variety, although registered a
maximum of perspiration of the plant the water lost through sweating was efficiently utilized by the
accumulation of dry matter (Figure 4). Between the plant photosynthesis rate and the tuber production
obtained in the five varieties of sweet potatoes planted in three epochs there is a distinctly significant positive
correlation, that emphasizes the importance of the optimal planting time on the sweet potato (Figure 5).
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Fig. 4 - Correlation between the average values of transpiration and photosynthesis plant daily to five varieties

of sweet potatoes planted at three calendar ages
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Fig. 5 - The correlation between the rate of photosynthesis and tuber production of the five varieties of sweet

potato planted in three calendar periods

Biochemical determinations carried out on sweet potato tubers at 120 days after planting reveal
differences in biochemical components depending on the variety and planting age (Figure 6). Thus,the total
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dry matter content was over 30% at all planting periods of the five varieties with a maximum accumulation
(40.62%) in the Hayanmi variety planted between 10-15 May. The data from the literature show that the dry
substance in the ordinary potato reaches at a maximum during the drying period of spiders and decreases if
harvesting is delayed (Adina Lorinczi. 1997).

This statement also applies to sweet potatoes reaching a maximum of 100-120 from planting
depending on the variety. Early varieties (Yulmi. Juhwangmi) reach the maximum at 100-110 days and late
varieties at 110-120 days (Aurelia Diaconu et al.. 2017). Determinations on the content of sweet potato
tubers in simple soluble glucosides (%)and starch show an average accumulation over the two years of 6.16-
8.71% - simple soluble glucosides (%)and 10.99-19.2% - variety-dependent starch and the planting age.
Regarding the average influence of the variety. the highest value of starch was recorded in the Juhwangmi
variety (15.24% - the average of the three epochs). and the lowest in the KSP 1 variety (14.17%). From the
point of view of the planting age. the maximum starch value was recorded at planting during June 10-15.
when the accumulation phase of this chemical component coincided with the decrease of air temperatures.

These results are supported by the literature (Gheorghe Olteanu et al.. 2011). which shows that the
average weight of a tuber and the amount of starch are higher as the soil temperature is lower. If the average
soil temperature is greater than 23°C. then the formation of the secondary roots is observed. Experimental
sweet potato varieties did not significantly differ in terms of simple soluble glucosides content the planting time
being the technological element that contributed to the major differentiation of this biochemical element.
Planting delay causes reduction of the percentage of simple soluble glucosides on average by 1.39%. The C
vitamin is the main vitamin synthesized by plants that participate in the processes of formation of unsaturated
fatty acids, the degradation of some amino acids in carbohydrate metabolism, iron metabolism. etc. The C
vitamin content of vegetables and fruits. varies very widely depending on the species, variety and agro-climatic
conditions. Specialty literature highlights for ordinary potato tubers a vitamin C content of between 15 mg and
22 mg / 100 g of fresh substance with an average of 17mg / 100g f.s. (Cieslike. 1994). The results of this study
show that the sweet potato tubers have accumulated in the content of C vitamin of between 6.88 mg and 10.52
mg / 100 g f.s... depending on the variety and planting time.

¥ Planted on 25 May-05 June = Planted on June 10-15

= Planted on May 10-15
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Fig.6 - Biochemical quality of sweet potato tubers depending on variety and planting time
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CONCLUSIONS
By the biological requirements of the plant the sweet potato culture finds favorable conditions for
growth and development in areas with sandy soils in Romania.

The results obtained in five sweet potato varieties (Yulmi. Juhwangmi. Hayanmi. KSP 1 and KSC 1)
studied during 3 planting epochs (10-15 May. 25 May-05 June. 10-15 June) highlight The largest production
(43.750 kg / ha) of the Juhwangmi variety planted in May 10-15 has led to a decrease in average tuber
production of 13.068.27 kg / ha. and the percentage on the varieties: 44.7% for the Yulmi variety. 34.2% for
the Juhwangmi variety. 32.2% for the Hayanmi variety. 47.1% for the KSP 1 variety and 42.1% for the KSC 1
variety.

The percentage of commercial tubers is between 62.79-94.78%. being differentiated according to
variety and planting time.

The highest rates of photosynthesis were recorded in the Juhwangmi variety planted on May 10-15
(30. 32 e hm?ls). @l@n the plants have lost by sweating the largest amount of water (4.82 mmol
H20 / m2/s).

The biochemical components of sweet potato tubers harvested at 120 days differ according to the
variety and time of planting.
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ABSTRACT

The article examines the influence of infrared radiation on sowing qualities of seeds and tomatoes
growth. The assessment of sowing qualities of seeds being irradiated depending on exposure time, radiation
type( persistent and pulsed) is done. The investigation results of further growth of the crop are presented.
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INTRODUCTION

Modern state of science and technology is characterized by new promising directions that
considerably contribute to the world country economy. One of these directions are nanotechnologies
(Borodin I.F.. 2008; Matyukhin S.I. et al. 2016; Matyukhin S.I. et al. 2011; Matyukhin S.I. et al. 2012; Polishuk
S.D.etal.2014).Today the concept finanotechnologiesd implicate
nanoobjects or processes taking place at nanolevel. Perhaps the processes taking place in seeds at
radiation with infrared radiation can be referred to them (Borodin I.F.. 2008. Grishina S.Yu. et al. 2014.
Polishuk S.D. et al. 2014).

Unforeseen climatic changes are one of the factors influencing on the world economy. Generally.
losses are attributed to agriculture (Parakhin N.V.. 2011). There is a need to estimate objectively the zone
peculiarities of farming as well as possible weather changes.

More than that dealing with the production efficiency it is necessary to pay attention to increasing
ecological problem, connected with the increasing tendency of application of chemical agents in the world
(Parakhin N.V.. 2011). Because of vital necessity to overcome negative chemical and anthropogenic
consequences the strategy of the world community on activation of farming ecologization and biologization
processes appears.

In these conditions, the considerable yield gain can generate one of the strategic directions of
agriculture which is seed breeding (Borodin I.F.. 2008).

The determining factors of seed breeding efficiency and its sustainability are variety and sowing
indicators of seed quality. Implementation of new varieties and hybrids is connected with the definite
increase of additional costs but the obtained yield gain allows not only to compensate these expenses but
also increases net income by 3 times. The sowing qualities are purity, humidity, germination energy,
germination capacity and the degree of pest contamination and diseases (Borodin I.F.. 2008).

In production conditions the problem of low quality of sowing material is solved by increase of sowing
rate, but however seed overconsumption reaches on the average according to statistical data 0.6 dt/ha.
Improvement of seed quality gives the opportunity to reduce the sowing rate and to obtain yield gain
(Borodin I.F.. 2008).
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To increase the quality of viable seeds is possible owing to their presowing treatment with physical,
chemical and other methods (Polishuk S.D. et al. 2014; Stepanova L.P. et al. 2010). Numerous
investigations data show that different types of influence on seeds produce positive effect on activation of
plant vital processes. In practice, in agriculture the stimulating factors are widely used.

Seed stimulation is used for long time increasing the energy of germination and germination capacity,
seed wakening speed-up and yield ripening, rise of resistance to adverse environment. It should be pointed
out that stimulation cannot improve yields over the biological limit or remove from quiescence the nonliving
seeds. Since in our country in the north areas yield capacity is below the biological limit of the crop, then their
stimulation in adverse environment provides considerable yield gain.

Today the most common among the existing stimulating effects on seeds are: chemical treatment,
solar heating and seed preheating in forced blowing bins or grain driers before sowing. Besides, in recent
years the investigations on seed treatment by gamma radiation, SHF energy, heat radiation, magnetic and
electromagnetic fields and their combinations are carried out.

In Orel State Agrarian University at the chair of Physics the research work on electromagnetic field
irradiation and particularly infrared radiation of cultivated plants seeds mustard, peppers, tomatoes, pea,
maize etc. is carried out for many years. Special attention is paid to the influence of infrared radiation on
seeds as one of the stimulating factors (Grishin ¢.V. et al. 2016; Grishina S.Yu. et al. 2014. Parshikova Yu.
et al. 2016; Sharenov ¢.V.. 2014; Sharenova N.V.. 2010). This method of seed material treatment has known
beforehand a variety of advantages: treatment safety for seeds and service personnel, short duration of
influence.

In the present paper, the results of investigation of infrared radiation stimulating effect on tomato
seeds are presented.

The crop choice for the experiment is determined by the following arguments: availability of getting
seed material, simplicity and possibility to grow it in planting boxes. As well as there was the necessity to use
for the experiment nonstandard seeds with low biological activity that laid in the land for several years.

MATERIAL AND METHOD
The goal of research was to study the infrared radiation influence on tomato crop as stimulating

factor.

To reach the goal the following tasks were put forward:

- to estimate microclimatic conditions at seeds irradiation;

- to estimate sowing qualities of tomato seeds irradiated by infrared radiation depending on treatment
time;

- to estimate sowing qualities of radiated seeds depending on irradiation type: persistent and pulsed,;

- to investigate further tomato growth subjected to presowing treatment with infrared radiation in
different doses depending on treatment time and irradiation type;

- after analysis of the obtained results, to determine stimulating or inhibiting effect of infrared radiation
on tomato seeds;

- to determine optimal mode of tomato radiation (type and exposure time).

Nonstandard mustard seeds of reproduction of 2012 were the object of infrared radiation effect.

For the experiment, the digital laboratory and irradiator being like a semiconductor diode were used.
One of the main parameters of the installation is radiation wave length which is 890 nm, while in operation in
stationary conditions the installation is powered from 220 V network. To determine indoor microclimate when
doing the experiment the digital laboratory sensors of temperature humidity, illumination and magnetic field
were applied (figure 1).

The researches were done in the separate room of the educational building of Federal State

Budgetary Educational Establishment of Higher Educati

Parakhino The selected seed group was e Xxgedtge and time
exposition). The experiment was planned in three replications according to the developed scheme:

- persistent radiation influence according to the exposition time:
2 min; 3 min; 5 min; 7 min; 10 min; 15 min; 20 min; 25 min; 30 min; 1 h; 1.5 h;

- pulsed radiation influence according to the exposure time is the same as previous.

Each seed group was given a reference number. Besides, together with seed radiation the
measurements of effect temperature, air humidity, illumination and magnetic field between the irradiator and
the experiment object were done.
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Fig. 17 Seed radiation and microclimate measurements

The ground surface in the boxes was divided into eleven plots, ten of which were sown with seeds that
were irradiated with different exposition time. The tenth plot was sown as control. We obtained three boxes
with seeds irradiated by infrared radiation and three boxes with seeds radiated by pulsed radiation (figure 3).

Observations over wakening, germination and growth of the whole sowing were carried out during four
weeks. The data were tabulated for further processing.

RESULTS

According to our investigations during tomato seeds infrared radiation between irradiator and seeds
the air temperature was from 29% t 0%, 2&iB8 humidity - from 22% to 33% depending on temperature and
air humidity of the room at the preset day. More than that depending on exposure time the temperature was
increasing within the limits up to 2.5%. and humidity was decreasing up to 3%. lllumination was from 55 to
85 lux. magnetic field 1 0.018 to 0.028 Gs (figure 2).
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Fig. 2 - Dependence of illumination from time exposition
== = =temperature = humidity = * == magnetic field

Seeds wakening is of great importance in agronomy. Further yield capacity and its safety depend on
this factor. Unlike persistent radiation (figure 5). pulse radiation (figure 4) is characterized with the best
speeding-up of tomato seed wakening according to our experiments. In both cases the best result of time
exposition was 10 minutes. Good acceleration rate of exit from seed quiescence at persistent radiation is
from 8 to 10 min. at pulse radiation T from 2 min to 5 min. from 10 min to 25 min. However, seed wakening
suppression at persistent radiation i 2 min and from 10 min. at pulse radiation i 1 min. 7 min was observed.
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Fig. 3 - Dependence of the number of woken seeds from the exposure time of infrared pulse radiation
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Fig. 4 - Dependence of the number of woken seeds from the exposure time of infrared persistent radiation

Comparing irradiated and unirradiated samples it is possible to conclude about considerable tomato
seed wakening acceleration by infrared radiation.

According to the investigation results tomato seed radiation by infrared radiation also significantly

increases its germination.

Seeds radiation showed excellent result i 10 min. But at incorrect doze suppression can be observed.

Thus at persistent radiation it is 7 min and from 15 min.. at pulse radiation 7 2 min. 7min.f r sm 25

value has a form of radiation: pulse or persistent. Germination indicators of tomato seeds irradiated by pulse

radiation (figure 6) are better than by persistent radiation (figure 7).
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Fig. 5 -Dependence of the number of sprouts with the first natural leaves

from exposure time by pulse infrared radiation
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Fig. 6 - Dependence of the number of sprouts with the first natural leaves
from exposure time by persistent infrared radiation

Based on the investigation data, it possible to conclude that the plants treated with pulse radiation
even in single range of exposure time grow unevenly. Maximum variation according to growth at seed
radiation is 10 minutes and 20 minutes. At seed radiation with pulse and persistent radiation t h ebest f

sprout s0 are observed in the range of 10 minutes of infl

CONCLUSIONS

9 It is proved that the effect of infrared radiation on sowing qualities of seeds has non-linear
dependence.

1 Itis demonstrated that the application of pulse infrared radiation produces more favorable effect on
wakening energy and seed germination in comparison with persistent radiation.

I Stimulating properties of infrared radiation for the sowing qualities of seeds and their further growth
are proved. Nevertheless, at some doses of radiation suppression of initial plant development was
observed.

It must be stressed that at choosing type and exposure time of seed stimulation by infrared radiation it
is necessary to consider the given properties effect on plant development. Incorrect chosen dose of seed
pretreatment influences on obtaining the desired result and yield gain but also results in its reduction.
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ABSTRACT

There is a constant concern over the growing level of food insecurity dictated by global climate
change. Therefore, new and innovative methods are being explored using different natural substances
potential to increase crop productivity. In the context of sustainable agriculture and organic farming the use
of natural resources to protect crops becomes very important. The use of various aromatic and medicinal
herbs as precursors for plant protection enriches biodiversity and the spectrum of valuable economic crops.
In this study, the action of essential oil of Thymus vulgaris on the germination and root growth of Zea mays
caryopses following seed treatment is presented.

REZUMAT
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INTRODUCTION

Maize cultivation represents an important agricultural activity in Romania which is currently facing
various problems induced by the influence of biotic and abiotic factors.

Among the main biotic factors with negative impact on maize crop are pests such as Agriotes spp.
(PL 1 £ g e ki2000) Diabratica v. virgifera Le conte (P£ | £ g & al.i 1998)e Tanymecus dilaticollis Gyl
(Georgescu et al.. 2014) and Anoxia villosa F. (Chireceanu et al.. 2009). The limitative abiotic factor for
maize crop according to the suitability simulation map using crop parameters indexed in FAO Ecocrop
database DIVA-GIS software and climate database (1950-2000) is the temperature. Although the air average
mont hly temperature for April and May hastheanaxpans i t i v e
monthly average recorded in soil is decreasing due to the precipitation temporal migration level, from the
warm season, respectively the middle of the year to the cold seasons, respectively the beginning and end of
the year (ANMH. 2014).

On the basis of climate information regarding the average temperature of the soil. the farmers tend to
advance the sowing date exposing the crop to the risk of a suboptimal germination. In the context of late
sowing of maize the risk of poor germination determined by temperature is removed, but the crop may be
affected in June and July by depleting the soil water as a consequence of absent soil shading. In these
terms, along with the legislative limitations regarding the pesticides use the first research direction on
removing these stress factors is genetic breeding. However, another research area is focused on the
possibility of using plant extracts with pest repellent, antimicrobial properties and crop metabolism stimulation
as an alternative to classical breeding methods. In this regards, various aromatic and medicinal plants can
be used due to its essential oils content that can be extracted through hydrodistillation. Economic and
ecological cost of production for these plants is low and can bring substantial incomes for farmers. EOs are
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volatile substances typically produced by plants to ensures itself a competition advantage for nutrient and
protection against pest agents. EOs can be liquid at room temperature and showing different colors ranging
from pale yellow to emerald green and from blue to dark brownish red .They are synthesized by all plant
organs and are stored in secretary cells, cavitie, canals, epidermis cells or glandular trichomes (Bakkali et
al.. 2008).

The aim of this study is to evaluate the influence of Thymus vulgaris essential oil activity on maize
seed germination process. Thymus vulgaris is a member of the family of Lamiaceae which are strongly
aromatic and consist of approximately 38 species that are distributed in subtropical countries. This essential
volatile oil has anti-oxidant properties (Zeghad et al.. 2013). insecticide activity against Agriotes spp.
(Walwitiya et al.. 2005) and fungicide properties (Nguefack et al.. 2008). The main components of Thymus
vulgaris are the phenols, thymol (40%) and carvacrol (15%) (K | a et al. 2007).

MATERIALS AND METHODS

The maize caryopses used for the experiments were collected from a private storage unit for cereals.
The samples were taken from areas with high susceptibility to pathogenic fungi infection: wet floors, cold
corners and vents.

All samples were mixed together and stored in a chamber with low humidity condition until the grain
bulk has reached 10% moisture. For the experiment, were selected 1200 maize caryopses with their own
unaltered microbial load, morphological homogeneous and without mechanical damage. The total amount of
seeds was separated in 24 lots of 50 seeds each in Petri dishes with vents.

The experimental design consisted in six treatment variants, each of them in four replicates. The seed
lots from V1 to V5 were treated with Thymus vulgaris essential oil in different increasing concentrations. The
control variant V6 was treated with water. The experiment was performed three times with Thymus vulgaris
essential oil from three different batches of a private commercial company. The essential oil was conditioned
as an emulsion of 95 ml water, 5% essential oil and 0.2% agar (Remmal et al.. 1993).

The seed treatment was performed by using the stock solution of 5% EO in doses ranging from 500 to
5000 ppm and water up to 3 ml in order to ensure a uniform distribution of volatile oil emulsion within the
Petri plate (Table 1).

Table 1
Treatment variants

V1-500 ppm | V2-1000 ppm | V3-2000 ppm | V4 -3000 ppm | V5 -5000 ppm | V6- control

5% EO (ul) 154.975 309.95 619.9 929.85 1549.75 0

Sterilized water (pl) 2845.025 2690.05 2380.1 2070.15 1450.25 3000

The germination trials were performed in Petri dishes (92x16 mm) with vents; into the lid above the
treated seeds were placed 5 layers of cellulosic paper disks waterlogged with 10 ml distilled water in order to
provide the necessary humidity for a 3 days period. The corn seeds were placed 3 days in an incubator at 24
+2 °C for germination (fig. 1).

Fig. 1 - Different concentrations of Thymus vulgaris essential oil
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At the end of the experiments, the geminated seeds were counted in order to establish the average
germination rate and the radicle length was measured with a digital micrometer (fig. 2).

Fig. 2 - Radicle length measurement

For the validation of the ger mGeramii mant ieoxrnp etrd arle nkk aXx ¢
which is available freely from ISTA (International Seed Testing Association). The statistics and graphics were
obtained using GraphPad Prism program.

RESULTS AND DISCUSSIONS

The results of the experiments (Table 2) highlighted that between the 6 treatment variants are no
significant statistical differences (fig. 3) regarding the number of germinated maize seeds, although the
average germination percentage of all 3 experiments varied between 61% and 67%. According to the
comments generated by the Germination tool box application, some of the treatment variants did not comply
with the regulation imposed by ISTA.

This situation indicates the fact that there are multiple variables within the experimental design such
as the seeds microbial load distribution, treatment homogeneity and the natural variability of active
substances content from the essential oils.

Table 2
Average germination in the three experiments at various EO concentrations (%)
Germination tool box V6- control
results (ISTA) V1-500 ppm | V2-1000 ppm | V3-2000 ppm | V4 -3000 ppm | V5 -5000 ppm (untreated)
Experiment 1

Average 80 79 84 81 80 82
Observed Range 18 24 20 12 18 18
Tolerated Range 22 23 21 22 22 22

Average 60 38 46 49 64 53
Observed Range 22 16 18 6 38 32
Tolerated Range 27 27 28 28 27 28

Average 56 70 69 53 59 68
Observed Range 16 18 26 30 6 24
Tolerated Range 28 26 26 28 27 26
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Fig. 3 - Average germination of the three experiments at various EO concentrations; ns not significant (t test)

The average radicular growth (fig. 4) has proven that there is a correlation (fig. 5) between the quantity
of T. vulgaris essential oil and average radicle length. The average radicle length from the 500 ppm EO
treated variant exceeded the average radicle length from the control variant with 2.83 mm, having a growth
increase of 15% (fig. 6).
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Fig.4 - Average radicle length on the three experiments at various EO concentrations; ns - not significant. *- low
significance. **- medium significance. ***- high significance (t test).
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Fig. 5 - Pearson correlation between average radicle length and EO concentration
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Fig. 6 - Radicular growth stimulation/inhibition at various EO concentrations

In order to establish the performance of the experimental design it was calculated also the average
total length of radicular growth expressed as a product between the average number of germinated seeds
and the average radicular length (fig. 7).

V1-500 (ns)
E=3 V2-1000 (ns)
E3 V3-2000 (ns)
D V4 -3000 (*)
V5 -5000 (***)
N V6- untreated

Average radicle length (mm)

T. vulgaris essential oil concentration (ppm)

Fig. 7 - Total radicular length (germinated seed x average radicle length)

The non-significant statistic level of treated variants from V1-500 ppm to V3-2000 ppm within the t test
compared to control variant indicates an uncertainty factor from the number of germinated seeds. This may
be due to the existence of a uniformity lack for the corn seeds germination capacity. as the samples were
collected from areas with different exposure to abiotic factors, such as temperature and humidity.

CONCLUSIONS

The use of T. vulgaris essential oil for maize seed treatment before sowing represents a viable
solution to increase the metabolism pathway involved in radicular growth process. The acceleration of
germinative metabolism along with the antimicrobial and pest repellent properties are important qualities that
can generate various researches regarding the standardization of seed treatment with ecological products.

Due to the results generated by the three conducted experiments, it can be concluded that
standardization of the seed treatment product composition based on essential oils can be performed
following a bioassay for each production batch before trading instead of EO conditioning to a specific
composition by adding different chemical compounds.

Maintaining the natural variability of the essential oil composition can be a key factor to avoid
microorganism resistance development towards products designed for plant protection.
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ABSTRACT

The epizootic potential of B.bassiana depends on the ability of fungal strains to spread into host
population on mode, speed and intensity of sporulation. This paper presents epizootiological parameters of
the process by which B. bassiana is transmitted directly from one host to another. Observations were made
on the epizootiological dynamics, respectively the number of infected hosts, infectious propagules in sall,
mortality rate of host insect in the experimental crop and the post-mortem sporulation degree. Fungal
infection had the greatest value when ratio between new micotic infections rate and mortality rate of
individuals covered by fungal mycelium was 1.
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INTRODUCTION

The factors responsible for triggering an epizootic as well as for a certain dynamic in time and space
are represented by the susceptible host population and the pathogen population.

The epizootic potential - the ability to maintain and propagate entomopathogenic microorganisms in
natural environment as biological control agents - depends on their transmissibility capability: the mode, the
speed and intensity of sporulation, the ability to spread in host population. Brown (1987) defines the term
epizootiological dynamics as the study of the change in host and pathogen numbers over time and space
and the intrinsec and extrinsec factors responsible for the change.

Three primary factors contribute to the cause and development of epizootics of infectious diseases: an
effective mean of pathogen transmission, the pathogen population and the host population (Tanada and
Kaya. 1993). Transmission is the process by wich a pathogen is passed from a source of infection to a new
host (Andreadis. 1987).

Examples of epizootic models in pest management systems are (i) the use of Bacillus thuringiensis as
a microbial insecticide (Brand and Pinnock. 1981). (ii) the onion maggot (Delia antiqua) T Entomophtora
muscae model (Carruthers et al.. 1985). and (iii) the alfalfa weevil Hypera postica) 1 Erynia model (Brown
and Nordin. 1982). Influences on horizontal transmission of entomopahogenic fungi have been evaluated by
Avery et al. (2010). Carcamo et al. (2015). Lopes et al. (2011). Onstad and Maddox (1989. 1990) to name a
few. Interesting epizootic research model has been developed to predict Nomurea rileyi prevalence on
velvetbean caterpillar, Anticarsia gemmatalis in soybean fields (Kish and Allen. 1978). But to predict
occurrence of an epizootic is very difficult because not always the same factors initiate epizootic
development in different pathogen-host systems (Augustyniuk-Kram and Kram. 2012). In ants population,
for example, behavioural changes of infectious individuals can influence both the individual course of
disease and the transmission to others (Fabian et al.. 2015). Also, in natural outbreaks there are inter- and
intraspecific mixed infections with entomopathogens with important effects on population dynamics (Staves
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and Knell. 2010). Entomopathogenic fungi could also act in synergistic interactions with entomopathogenic
bacteria (Wraight and Ramos. 2017) and with natural enemies (Gonzalez et.al. 2016).

The aim of our studies was to obtain necessary informations for the evaluation of potential impact of
management practices and of L. decemlineata - B. bassiana dynamics. B. bassiana is a soil-borne fungal
entomopathogen and can be used for soil inoculations to target pupae and diapausing adults (Noronha and
Goettel. 2008) Foliar applications of B. bassiana could be also significant component of an IPM program
(Wraight and Ramos. 2015).

Observations on epizootic dynamics are presented: number of infected hosts / number of infectious
propagules, mortality rate of host insects - induced by pathogen colonization in experimental crop - and also
the degree of postmortem sporulation on insects bodies covered by fungal mycelium.

MATERIAL AND METHOD
Obtaining and multiplying the pathogen

Submerged cultivation procedure under stirring conditions was used for multiplication of B.bassiana:
24 hours to obtain vegetative mycelium and 72 hours for conidia (11.3x10%conidium\ml).

Obtaining host population (Leptinotarsa decemlineata)
L.decemlineata eggs, collected from field (fig. 1) were the source of entomological material for

obtaining pathogenic inoculum. Spawns were incubated under laboratory conditions (26°C) and the

development of larvae grown on potato plants in vegetation vessels lasted 23 days. Larvae in final stage left

the plants and burrow into the soil, transforming into pupae. Adults came out staggered after 9 days.

L

Fig.1 - L.decemlineata eggs. collected from field

Infection of the host population with a conidial suspension
It was made by applying the conidial suspension on pupation substrate and on feeding substrate for
adult and larval stages (L1-L4).
Spread of "pathogenic inoculum" in potato culture infested with L. decemlineata was done for each
stage after 36 hours of treatment between 3 and 20 of June. 2016 (Table 1).
Table 1

Launch schedule of pathogenic inoculum

Date / development stage/ number
Var.|3.07(4.07|5.07|6.07(7.07({8.07|9.07|10.07|11.07(12.07{13.07|14.07|15.07|16.07(17.07{18.07|19.07|20.07
I | L1 L1 L2 Ls P Ad
20 10 30 20 20 20
I | L1 | Lz L2 Ls P Ad
10 | 20 50 30 20 20
1] L1 | L1 L2 Ls P Ad
10 | 20 50 50 20 20
v L1 | L1 L2 Ls P Ad
20 | 10 30 30 20 80
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Experimental design of treatments: randomized blocks, 4 variants x 3 replicates x 30 sq.m.

Observations on the epizootic dynamics were made daily for 16 days starting with 48 hours after
launching of "pathogenic inoculum". The population of the pathogen was estimated, respectively the number
of infected hosts and the number of infectious propagules in soil, as well as the interaction with the host
population (the mortality rate of host insect induced by pathogen colonization in the experimental crop and
the post-mortem sporulation degree i by examining bodies covered by fungal mycelium).

In order to assess the number of conidia, soil samples were taken from the first 2 cm of soil because
most of the fungal inoculum is concentrated in this layer. About 10 g of soil from each sample was
suspended in 9 ml of sterile distilled water plus Tween 80 at 0.01%.

The resulting suspensions were serially diluted (10-? si 10-%) and inoculated on agar culture medium.
Fungal growth was quantified by determining the number of colony forming units (CFU) after 16 days of
incubation in the dark (25 = 1 ° C). Other samples were used for determination of dry weight of soil (110 ° C.
to constant weight).

RESULTS

The epizootic dynamics of the host-pathogen experimental system was evaluated through an analysis
of the susceptible and infected hosts.

The number of daily infected individuals of susceptible hosts depends on the number of contacts
between susceptible host (L. decemlineata) and infectious resistant stage of pathogen (conidium). This
contact may or may not result in infection. Considering that a constant proportion of these contacts results in
transmission, they will be taken into account for assessing the transmission efficiency or pathogen
transmissibility.

Observations made starting with the first day after the launch of the pathogenic inoculum looked at
issues related to the epizootiological dynamics of B. bassiana entomopathogen and the extent to which
infectious propagules were transmitted directly from one individual to another.

Fig.2 - The pathogenic inoculum (artificially infected in laboratory). larvae (a). pupae (b) and adults (c) of
L. decemlineta infected with B. bassiana.

The amounts of pathogenic inoculum had the following mean values: 3.9 x10%conidium/ sg.m. (var. I).
4.26 x10'conidium/ sg.m. (var. I1). 4.61 x10%conidium/ sq.m. (var. Ill) and 9.48 x10*!conidium/ sg.m. (var.
IV). Based on the results shown in Table 2., we assess that at a decrease in the amount of pathogen
inoculum by 2.05 times (var. Ill). 2.22 times (var. Il) and 2.4 times (var. 1) compared with var. IV. the
percentage of infected hosts of all susceptible hosts in larval stages 1 and 2 showed differences between 1.7
% (4 days) 1 1.76% (6 days) i 2.9% (8 days) i 3.13 (10 days) and in larval stages 3 and 4 showed
differences between 1.1% (4 days) i 1.3% (6 days) - 1.1% (8 days) - 1.1% (10 days).

The mortality rate in all variants was strictly dependent on the size of the host population (the number
of susceptible hosts). Unlike viral or bacterial infections, the insects retain their general body shape when
death is induced by fungal infections except for areas partially covered by the fungus or cuticular
melanizated points.

Considering this, after the launch of pathogenic inoculum only host insects from the experimental field
whose post-mortem position on the host plants suggested the cryptogamic nature of the pathogen were
collected. Results of the infected hosts counting are shown in Table 2. as a percentage of the number of
susceptible hosts.
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Dead insects. incubated in "wet chambers" revealed during 3-7 days at 27°C. the classic
symptomatology of B. bassiana fungal infection. Thus, under high humidity conditions the saprophytic
development phase of the fungi development began and mycelium from the body cavity crossed the skin
covering it with a powdery white patch; fungal growth was initiated in the intersegmental regions of the
insect.

Table 2
Infected hosts after treatment
Dose "pathogen Number of Infected hosts (%)
inoculum” (nr. of susceptible
var. d hosts
. mycose 4 days 6 days 8 days 10 days
individuals /var.)
Li-2 L3-4 Li-2 L3-4 Li-2 L3-4 Li-2 L3-4 Li-2 L3-4
120 396 388 20.4 19.8 234 26.0 25.5 43.2 255 48.4
I 150 452 511 19.2 19.5 34.5 35.0 40.0 45.2 44.4 46.7
11} 170 911 787 34.5 215 41.4 35.9 76.0 45.0 79.9 47.5
\ 190 498 601 19.5 21.0 315 35.5 41.0 41.0 41.9 51.5
Control - 566 498 0 0 0 0 0 0 0 0

Examination of different stages from development cycle of host insect revealed that abundance of
sporulation differs from one stage to another. The amount of fungal spores increases proportionally to the
amount of nutrient substrate the insect provides for saprophytic pathogen development (Table 3).

Table 3
Quantification of B. bassiana post-mortem sporulation on L. decemlineata
L. decemlineata host population fiPat hogenicd po
(larval stage) (average number of conidia (x10°) / larva
1 0.95
2 2.0
3 3.2
4 10.05

Characterization and quantification of post-mortem mode of sporulation are essential for assessing the
epizootic dynamics of an entomopathogenic agent.

Thus, based on the observations made we consider that horizontal transmission of the pathogen is
influenced by the saprophytic development of the fungus characteristic of the host insect habitat with
obvious adjustments for efficient transmission of disease; in experiment presented, (a) the pathogen has a
characteristic dusty appearance on the host insects from epigean habitats and (b) in soil, depending on
the microclimate conditions the pathogen develops mycelium which ensure colonization in hypogean
habitats.

These morphological adaptations to microhabitat conditions increase the pathogen chance to
contaminate a new host (pathogen transmissibility).
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CONCLUSIONS

Epizootic dynamics of entomopathogens is a process dependent on the density of susceptible hosts;

Fungal infection in population of susceptible hosts had the greatest value when ratio between new
micotic infections rate and mortality rate of infected individuals is 1. When the susceptible host population
exceeds this threshold the incidence of the disease increases and when the host population is below this
threshold the incidence decreases.

The number of infected L.decemlineata depends on the number of contacts between susceptible and
infected hosts.
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ABSTRACT

The present article aims to present the influence of grain on the insecticidal efficacy of diatomaceous
earth (DE) formulations applied in two stored products (wheat and barley), on adults of Tribolium confusum
(Jacquelin du Val) (Coleoptera Tenebrionidae). The formulations used in the laboratory trials were two local
DEOG s deposimasnifar odBLutR@rul agel e and Adamcl i si) whi ch ha:
commercial typesof Si | i coSec and Pyri Sec. The DE6s hava0,B®en apr
and 900 ppm and mortality of the exposed adults was recorded after 7. 14 and 21 days of exposure.

REZUMAT

Lucrarea urmbtrebte st prezinte influenpa tipul ui de
de diatomit. apl i cate peste dout produsmpodter i dapoazdiutl pgd ©@u 1giC
Tribolium confusum (Jacquelin du Val) (Col eoptera Tenebrioni
|l aborator au fost din dout depozi-Petdnilcadel edi Ki-R®undu li
Adamclisj.comparativ cu tipuril e c .oDammita auddstapliGie laidazeods €00, b i Py

300,500 &bi 900 ppm (mgn/tikmp dee cmoretadlei)t atea adul pil or €
14 bi 21 de zile de |l a expunere (DLE).
INTRODUCTION

The stored products are suffering high loses because of the pests. The use of the pesticides is one of
the preventive measures during the stored period. Choosing the pesticides for the stored products pests is
limited because of strong requirements imposed by the necessity of their safely use. For this reason it is
necessary to reduce the dependence of chemicals by implementing an alternative method to control the
stored products pests. The use of diatomaceous earth (DE) is a promising alternative in stored product
protection. DE is a naturally occurred siliceous dust formed by the fossilized remains of unicellular algae
species namely diatoms. DE may be different in color because of different minerals and impurities.
Sometimes layers are very thick up to a few hundred meters (Korunic. 2016). DE 6 s ralraldy the most
efficacious natural dusts used as insecticides (Korunic. 1998) . DE6s act on the insectsbé
causing rapid desiccation and resulting in death through water loss. Also, DE6s can be applied w|
application technology with traditional grain protectants, which means that no specialized equipment is
required (Athanassiou etal. 2005) . Sever al DE6s based on natur al deposi
and have proved very effective against stored grain pests (Korunic. 2013). Despite their advantages, the use
of DE 6 s -productsprotectiendremains rather limited due to their main drawback: DE application
reduces grain bulk density (volume/weight ratio). For a satisfactory level of efficacy,t he cur r enld DEO®Ss
be applied at doses between 400 and 1000 ppm (Fields and Korunic. 2000). However, according to the
compounds of formulated diatomaceous earths, they are expected to have different mode of actions (Ziaee.
2015. Ziaee et al..2014). Knowing these we tried to find out whether also products (in this case wheat and
barley) play a part in the insecticidal efficacy of the diatomaceous earth (DE) formulations. Insecticide
tolerance is defined as the fithe natur alectaflaipdrticuay of a
i nsectYuc2Dl8)e 0 (
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However the insect may resist penetration through the thickening of the integument Tribolium spp. are
considered the most tolerantstored-gr ai n beetl|l e speci es Vayasktab 80039.t t he ad
Although insect behavior may change following insecticide exposure, the behavior of insects is also a major
factor in determining insecticide exposure and therefore, insecticide efficacy (Malia et al.. 2016).

MATERIAL AND METHODS

The formulations used int he | aboratory trials were two | ocal D
Valey-PLt ©r | agel e and S\damtlisi) canfpared with the comiegcial type SilicoSec PyriSec
(Agrinova. Germany) and SilicoSec (Biofa. Ger many ) . Si efficacy ibh $ome cdAdeDis determined

by the type of the commodity, the grain type used in this case was wheat and barley.The insects used were
adults of the confused flour beetle (Tribolium confusum H.) a cosmopolitan pest of stored grains, most
abundant and injurious one, a very prolific species that primarily attacks milled grain products such as flour
and cereals. We can also find them into our homes in infested flour multiplying in large populations.

The DEb&ds were applied in 1 kg 0 300 800ard 908 ppecnimgedDE t h e
per kg of grain) in 3 series with 3 replicates. The lots were placed in plastic jars and shaken manually for
approx. 3 min. to achieve equal distribution of the DE dust to the entire grain mass. Untreated lot of
grains were used for control. Then, 3 samples (replicates) of 50 g each were taken from each lot, placed in
plastic vials (7 x 5 cm), which were closed with driled caps for air. An amount of 30 adults (<21 days old)
were placed in each vial. The lots were placed in controlled room at temperature of 25°C. and relative
humidity level of 60+5%. Mortality in DE-treated commodities was recorded after 7, 14 and 21 days of
exposure. Data were analysed using the software Graph Pad Prism 5. Adult mortality data were corrected
usi ng Abbot tAblwott. 1985) and theaadu(t mortality was analysed separately for each grain.

RESULTS
The results of our study are presented in the graph from Figures 1 i 4. The mortality of T. confusum
exposed to treated wheat was low, the exception being the mortality levels of PyriSec. For SilicoSec and the
t wo R o ma n,imonalitydrEad dose rates and exposure intervals increased exponentially over time.
After 7 days of exposure at doses above 100 ppm of PyriSec treated wheat and barley, mortality of T.
confusum combined was 100%. while at the lowest dose mortality was 20% in treated wheat and barley
(fig.1). It is well known that PyriSec contains natural pyrethrum and piperonyl butoxide while SilicoSec
contains approx. 90% SiOz2. In 14 days after exposure the mortality has started to grow slightly, starting with
SilicoSec and continuing with the Romanian DEO6s (fig. 2

Tribolium confusum (wheat) Tribolium confusum (barley)
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Figure 3 presents the final mortalities for T. castaneum. with the exception of PyriSec. SilicoSec
reached a 60% with the dose 900 ppnmesdedilely@mWwed by Romani
From the DL50 data analysis, it can be concluded that DE PyriSec and Adamclisi have different

adherence for wheat and barley. Meanwhile, Si | i coSecbés adherence has been cl
PLt ©rl agele (fig. 4).

LD50

40515

DE (ppm)

PyriSec SiliSec Patarlagele Adamclisi

Fig. 4 - LD50 values of diatomaceus earth (DE) on treated grains (wheat. barley)
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CONCLUSIONS

The most effective DE was the commercial formulation PirySec. in half of the tested grains (wheat and
barley) after 7 days of exposure in dose rates above 100 ppm and at 25°C. and relative humidity level of
60+5%. Thetwo Romani an DEG6s at the highest dose rate had the
formulation of SilicoSec. Grain adherence is a factor that must be taken into account in future tests. DE 6 s
with high insecticidal value in relatively low doses could be further improved with the addition of other
substances.
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ABSTRACT

The endophytic microorganisms are living inside different organs of the plants apparently without
damaging them, forming a true endophytobiome. They are mainly bacteria and fungi. Many strains are
regarded as beneficial for plants, helping them to face environmental stress, to resist to pathogens and some
of them can be used in different biotechnologies. The potato is one of the most common culture in temperate
area of the globe. Bacteria were isolated from potato tubers and from other parts of the plant. First results
showed the presence of strains of Rhizobium, Gordonia, Paenibacillus Bacillus, Micrococcus and other
genera.

REZUMAT
Mi croorgani smele endofite trtiesc aparent fLrt st p
vegetale. f or mOGnd aka numi t ul endofitobi om. Sunt “n princi

microorganisme sunt considerate benefice pentru plante, ajutdndu-l e st fact faSt stresu
presiunii patogenilor, iar unele dintre ele pot fi utilizate Tn diferite biotehnologii. Cartoful este una dintre cele

mai comune culturi din zonele temperate ale globului. Tulpini bacteriene au fostiz ol at e din tuberc
din alte pktrSi ale plantei. Primele rezult &ordoniaar at t
Paenibacillus, Bacillus, Mi cr o c o c cgesuri.K i alte

INTRODUCTION

The microorganisms find habitat not only in different places in the environment, but also inside
different microorganisms 1 animals plants and humans. They formed the so called microbiome- we think that
the plant microbiome is phyto microbiome, animal i zoomicrobiome and of course human microbiome (n.a.)
Generally we speak about non harmfull fungi and bacteria and others which are only hosted inside and in
some instances can become pathogenic (especially in the case of animals and humans). The relation is very
complex and varies from symbiosis to commensalism, including biochemical release.

In the case, they can release some compounds useful for plants or assuring protection against
phytopathogens (Shulz et al.. 2015) and pests (Shi et al. 2013) or protecting against stress (Miliute et al.
2015). The microorganisms inside plants form the endophyto (micro) biome (n.a.); its an entire community
inside which varies from a plants species to another, from organ to organ. They practically originate from soil
and adapt to inner plant environments.

The present review focus on the endophytic fungal and bacterial strains from potato and their
possible use in agriculture, medicine and other fields of activity in order to set up research strategies for
further investigations.

MATERIAL AND METHOD

We performed a search in the databases in internet and at the same time we introduced in this mini-
review our original data obtained in our investigation and researches in laboratory by isolation from selected
potato tubers.

RESULTS

As a result of the minireview we considered the scientific achievement from the last decade.with some
of the personal results obtained in our laboratory. A review of biology of endophytes and their classification
was proposed by Zhang et al. 2001. The potato is a culture in all world in the areas with apropiate conditions
for this plant. It host in tubers, in stems and in leaves many fungi and bacteria- alpha, beta and gamma-
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Proteobacteria. Plantomycetales group. Flexibacter- Cytophaga i Bacteriodes group (Garbeva et al. 2001,
Sessitch et al. 2004) and Actinomycetes (Sessitch et al. 2002) many endophytic strains with potential
applications in industry (Hashegawa et al.. 2006). A Methylobacterium radiotolerans strain was discovered in
leaves and stem of potato plantlets (Podolich et al.. 2009).

In leaves and roots and stems were discoverede 55 bacteria genera, in root being a microbial
community which was very closed to soil community (Franco et al.. 2013) and from the leaves was much
more different. Genera Teribacillus, Enterococcus, Streptomyces, Microbispora, Pantotea, Bacillus
Pseudomnas, Lactococus, Rhodococcus Exiguobacterium were identified. In our researches we find strains
from genera Rhizobium, Gordonia, Paenibacillus, Bacillus, Micrococcus, Rhodococcus, Mycobacter
determinated with BIOLOG device and GEN |II soft ware (Fendrihan. 2014).

A lot of endophytic fungi from about 63 groups were isolated by Gotz et al. (2006) which most
frequents were Verticillium dahlia, Cylindrocarpon destructans, Colletotrichum coccodes and Plectosporium
tabacinum. Some of the endophytes (for example Pseudomonas strains and Serratia plymoutica)
demonstrated an antagonistic activity against phytopathogens for example against Verticillium dahliae and
Rhizoctonia solani (Berg et al 2005), like bacteria Pseudomonas putida (Andreotte et al.. 2009).

The endophytic bacteria community differ from soil bacteria community structure, being practically
selected (substrate driven selection) by the conditions (Bulgarelli et al. 2013) and play in the same time a
role of protection of the plants from phytopathogens and as plant growth promoting bacteria. They are able
to protect plant from different environmental stress and their relation with the plant host is essential for plant
growth and development (Yadav. 2017). Generally speaking is a entire relation inside the community -the
endophytes are releasing compounds which maintain a balance inside and face practically to multiple
antagonism very complicated relations in network( Schulz et al. 2015).

Possible applications. It looks like the endophytes microorgnisms can be use in differents
biotechnologies for their ability to produce antibiotics, other medicines, compouds for food industry, for
bioremediation (Nair et Padmavathi. 2014). A part of bacterial isolates has plant growth promoting activities
(Santoyo et al. 2016) Some endophytic strains of bacteria and fungi are able to release new antibiotic
(Menpara et Chandra anul). Different strains were isolated from potato tuber and stems of Solanum
tuberosum and some of them have antagonistic activity against Streptomyces scabiae (Flatley et al.. 2015).
The same is for the strains of Proteobacteria and others from potato plants that are inhibiting the attack of
Erwinia carotovora subsp. atroseptica (Reiter and al. 2002).

Isolation cases from different agricultural plants both bacteria and fungi showed a lots of useful
strains wich release antimicrobial and antifungal compounds (Mousa et Raizada. 2013). The strains isolated
from potato roots (Pageni et al.. 2014) i Burkholderia, Azospirillum, ldeonella, Pseudacidovorax and
Bradyrhizobium showed an PGP activity, releasing IAA. Some from the isolated strains were effective
against phytopathogens Pectobacterium atrosepticum. Fusarium sambucinum and Clavibacter
michiganensis subsp. sepedonicus in culture. The isolates from rotten potato tubers were from genera
Bacillus, Pseudomonas, Rhodococcus, Serratia, Lysinibacillus and others.

Some of them are able to release siderophores, other antibiotic compounds (Czajkowski et al.. 2012)
and some can be use as biocontrol agent against Dickeya sp. In our institute were isolated some bacterial
strains as Bacillus subtilis 6T4 which are good to be used as biocontrol agents against main pathogens like
Fusarium solani, Rhizoctonia solani and Alternaria solani and other releasing important enzymes i
phosphatases, amylases, proteases and some release cellulose degrading enzymes (Boiu- Sicuia et al..
2017).Bacillus amyloliquefaciens strains release antibiotics which can be used against human pathogens
Escherichia coli, Staphyllococcus aureus and pathogenic yeast Candida albicans (Bhoonobtong et al. 2012).

Fungal strains isolated from potato as Epicoccum nigrum and Trichoderma atroviride are considered
to be efective for control of Rhizoctonia solani (Lahlali et al.. 2010). Other fungal strains Aspergillus
aureofulgens and A. flavipes. showed (their extracts) against Phytophtora infestans (Ngatia et al. 2015). An
endophytic strain of Aspergillus sp. strain F1544 (Ma r t {iLuiSeer al.. 2012) releases bioactive agents
(pseurotin A. 14 norpseurotin, pseurotin D, fumochinone B with activity against Leishmania and some with
anticancer activity.
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CONCLUSIONS

The endophytes are among the most interesting microorganisms, they are very diverse belonging to
different taxonomical units, to an important number of genera of bacteria and fungi. They are found in soil
environments too from where they originate, but inside plants they form a different microbiome
composition selected by inner host factors. They use the plant as host forming the so called phyto
microbiome (n.a.).

At the same time, they are beneficial for the host even they cannot be called real symbionts some
release plant growth promoting compounds, other offer a certain degree of protection against
phytopathogens and sometimes against pests. Some of them are interesting for human industry i they are
able to release antibiotics and antifungal, anticancer compounds and to be used in different
biotechnologies as releasing valuable enzymes. That is why the researches on this ecological category of
microorganisms are very interesting from theoretical and practical points of view and must continue.
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ABSTRACT

The relevance of the research topic is related to high economic value of strawberries for the Republic
of Dagestan. The total area of strawberry cultivation exceeds 700 hectares. while complex biochemical
composition, fine flavor and nutritional value of this culture offer the possibility to use it for production of
various multicomponent food items. This study was aimed at developing frozen derivative products packed in
glass jars holding 500 g. and loose berries in polystyrene packaging holding 250-300 g. with the freezing
temperature of -40°w and the storing temperature of -18°¢. The central method of studies was
implementation of freezing as being the most efficient method of conservation of the food products allowing
to maintain the highest taste and flavor qualities of the resulting products.

As a result, considering the examined derivative products we observed high content of vitamin C in
the fresh berries of the following cultivars: Gigantella (73.9 mg%). Lord (77.5 mg%) and Victoria (73.7 mg%).
Subsequent storing resulted in minor losses of vitamins. After 10 months of storing, decrease in the content
of vitamin C reached from 10.1% to 15.4% was observed. The samples had an extensive and diverse range
of constituents providing nutritional and biological value. The rates of preservation of the biochemical
composition of the strawberries during the low-temperature storing ranged from 60% to 80% in different
cultivars. We observed minor losses of vitamin C in all the derivative products from 3% to 35%. as compared
to the initial content.

The data provided in the study may be useful for the food industry workers, for agriculture and for
general public as these products are of high nutritional quality with a broad spectrum of vitamins, macro- and
microelements.
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INTRODUCTION

According to the Food Security Doctrine of the Russian Federation, authorized by the Executive Order
of the President of the Russian Federation on January 30", 2010, the scientific research should be directed
towards development and improvement of the theoretical basis for storing and processing of raw agricultural
materials in the course of manufacturing of safe food products. One of the important tasks includes the
development of the next-generation food products for different demographic groups including childhood and
elderly nutrition, both for medical and preventive purpose.

Proper and reasonable nutrition is one of the most important factors of the human health. Normal
human life, strong performance and active recreation require food products with balanced chemical
composition and their value primarily lies in their ability to provide bioactive substances [3].

The issues of well-balanced nutrition are particularly topical and important today. Functional foods
decreasing the risks of manifestation of the nutrition-related disorders, preserving and improving human
health through the functional nutritional ingredients are intended to be consumed by all age groups of the
population [4].

Development of new well-balanced food products supplemented with a complex of vitamins, minerals
and other natural antioxidants plays an important part in modern science and medicine [2].

Over the last years, much attention is given to the development of new functional foods with various
widely known conservation methods i sublimation, pasteurization, dehydration. low-temperature freezing,
etc. The major criteria for the assessment of any of these techniques are the preservation of the initial
properties of the raw materials and the storage period during which the products can be conserved with
preset technological parameters, using any particular method [6].

Long-term research performed in this area by different scientists shows that, among the known
methods of prolonged storing of the functional foods quick freezing provides unlimited opportunities for
common use [5.6].

The range of quick-frozen products present in the retail chain of the Republic of Dagestan today is
quite wide: frozen apples, pears, ashberries, apricots, cherries, peaches, plums, cherry plums, sweet
cherries, cranberries, gooseberries, buckthorn fruits, dewberries, blueberries, strawberries, grapes, currant;
the vegetables including frozen green peas, green beans, cauliflowers, Brussels sprouts, tomatoes,
eggplants, sweet peppers, asparagus, zucchini, pumpkins, spinach, sorrels, flavoring green herbs (dill,
parsley, celery), carrots, potatoes.

However.,all the products present in the retail chain are imported, mostly from Poland.

Over the last year,. the researchers of the Dagestan State Agricultural University have been
conducting studies aimed at the identification of fruits and berries with high nutritional value and have been
developing ecologically-friendly technologies of storing and processing of fruits and berries.

At the Dagestan State Agricultural University, the development of the balanced food products is
performed by Mukailov M.D.. lIsrigova T.A.. Aliev Kh.A.. Guseinova B.M.. Ulchibekova N.A..
Sheikhmagomedova G.N. and other researchers.

Technical specifications and technological instructions have been developed and approved for certain
varieties of end products.

The cultures with particularly high biological value and nutritional qualities have been selected.

Strawberries cultivated on the area of over 700 hectares are one of highly valuable and promising
cultures with economic significance to the Republic of Dagestan. Complex biochemical composition, fine
flavor and nutritional value of this culture offer the possibility to use it for production of various
multicomponent food items. In light of this, we have developed different food products made of strawberries.

MATERIAL AND METHOD

The studies on the frozen strawberries assessing the biochemical composition, marketable condition
and flavor have provided the foundations for the development of the derivative products from strawberries,
involving low-temperature freezing.
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In addition, the requirements for a particular type of products on the consistency in the nutritional value
during the low-temperature storing were considered.

In order to provide more balanced flavor, we supplemented the strawberry derivative products with
sugar and honey. The products were frozen in glass jars holding 500 g. while loose berries i in polystyrene
packaging holding. 250-300 g. The freezing temperature was -40°4. the storing temperature 1 -18°a. We
assessed 5 cultivars of strawberries cultivated in the Republic of Dagestan: Elizabeth, Gigantella, Honeoye,
Lord and Victoria.

The content of soluble solids was determined with the RL3 Nr225 44/90 refractometer; total titratable
acidity T by titration with 0.1N alkaline solution; the content of sugars i with the cyanide method; total content
of pectins T with the carbazole method; juice loss i through the difference in the weight of the frozen and
thawed samples; vitamin C (ascorbic acid) i with the iodometry; vitamin t { (niacin) 7 according to GOST R
504791 93.

RESULTS

Fruits and berries provide an inexhaustible source of vitamins. 12 out of 26 vitamins. necessary for the
human body can be found in fruits and berries.

In light of this, we have studied the content of vitamins in the strawberries and the derivative products.
Vitamin C has salutary effects on the cell growth and healthy development and facilitates the uptake of
calcium.

Large amounts of vitamin C are utilized by the organism when it fights diseases or infections during
the wound healing or the post-surgery recovery.

Vitamin C is also essential for restoration and preservation of the proper functions of cartilages, teeth,
gums, and bones; it prevents the formation of hematomas and blood clots.

Among the examined products, high content of vitamin C was observed in the fresh berries of the
following cultivars: Gigantella (73.9 mg%), Lord (77.5 mg%) and Victoria (73.7 mg%) (Fig. 1).

90
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B Gigantella

[ Honeoye

W Lord

M Victoria

before freezing immediately after | —after 4 months of | after 10 months of
freezing storing storing

vitamin C

mass fraction, mg%

Fig. 1 - Effects of freezing and storing on the content of vitamin C in strawberries

Further storing resulted in minor loss of vitamins. The decrease in the content of vitamin C after 10
months of storing ranged from 10.1% to 15.4%.

In our experiments, the content of vitamins depended exclusively on the initial levels related to the
metabolic characteristics of a particular variety during the period of vegetation.

According to some studies, the ascorbic acid conversions in frozen fruits and berries are limited to its
oxidation to dehydroascorbic acid and, furthermore to 2.3-diketogulonic acid.
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The former two substances are bioactive, whereas the latter one has no dietary value. The authors of
these studies suggest that the rate of the vitamin loss in the stored frozen fruits and berries depends on the
storing temperature and duration [4; 6].

Therefore. we can assume that vitamins and other necessary substances in strawberries are generally
preserved at high levels in the course of freezing and long-term storing.

Along with vitamins, fruits and berries contain such nutrients as sugars, acids, inorganic salts.
water and minor amounts of fats and proteins. The major and the most important constituents of the
biochemical composition of berries are solids, acids and sugars; pectin substances also play a
significant part.

In light of this, we have examined the following set of nutrients in strawberries (Table 1).

Table 1
Changes in the chemical composition of strawberries after low-temperature freezing and storing
Cultivars
Nutrients Step
Elizabeth Gigantella Honeoye Lord Victoria
1 10.6 11.6 9.4 9.0 8.4
Total sugars, % 2 104 11.2 9.1 8.9 8.2
3 9.4 10.3 8.2 7.4 7.1
4 7.8 8.6 6.9 5.8 5.9
Titratable acids, % 1 1.27 1.05 1.67 1.30 1.18
2 1.27 1.09 1.58 1.25 1.28
3 1.30 1.25 1.14 1.32 1.30
4 1.38 1.31 1.10 1.35 1.34
1 0.23 0.25 0.29 0.21 0.27
Vitamin PP, mg% 2 0.22 0.24 0.29 0.20 0.25
3 0.12 0.14 0.20 0.11 0.18
4 0.11 0.12 0.15 0.10 0.16
1 2.67 1.53 2.31 1.95 2.16
Pectin substances, % 2 2.52 1.45 2.30 1.88 2.02
3 1.98 0.92 1.47 1.38 1.63
4 2.12 0.83 1.58 1.45 1.49

1-before freezing. 2-immediately after freezing. 3-after 4 months of storing. 4-after 10 months of storing.

According to the technological requirements for the strawberry cultivars used for conservation and
freezing, the content of soluble solids in fresh berries should be at least 10%. the content of sugars 1 at least
7%. acids (in regards to malic acid) i 0.8-1.0%, pectin substances i no less than 0.8%. vitamin C i at least
60 mg/100 g. The examination of the biochemical composition of the fresh strawberries of the selected
cultivars elucidated variations in the accumulation of the particular chemical constituents.

Biochemical analysis was performed on the fresh berries immediately after freezing, after 4 and 10
months of storing according to the conventional technologies. The results of the assessment of the
biochemical composition of different strawberry cultivars suggest that the samples had an extensive and
diverse range of constituents. providing nutritional and biological value. The rates of preservation of the
biochemical composition of the strawberries during the low-temperature storing ranged from 60% to 80% in
different cultivars.

The strawberry varieties cultivated in Dagestan are suitable for further production of high-quality foods
for dietary and medical purpose. Howeve,. all-year use of these products is impeded by the seasonal pattern
of strawberry harvesting. This issue can be addressed with proper storing condition, implementation of new
methods and technologies, as well as temperature regimes providing consistency and the highest possible
rates of preservation of the nutritional qualities of the natural raw plant materials, its bioactive substances.
and the constituents responsible for the energy value.

Shock-freezing technique provides the opportunities for the development of new natural derivative
products made of strawberries, featuring high biological value and complementary in the major
characteristics. The development of such products meeting the requirements involves balancing both the
biochemical composition and the acceptable organoleptic quality positive flavor characteristics.
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The wide variety of processed foods currently produced all over the world stems from the
implementation of a broad range of different raw materials from the development of various formulations,
methods, storing and processing techniques. Processing of fruits and berries is closely related to the solution
of the problem of the all-year provision of high-quality food products, rich in bioactive substances (BAS) for
the public.

The studies on the frozen strawberries assessing the biochemical composition, marketable condition
and flavor have provided the foundations for the development of the derivative products from strawberries
involving low-temperature freezing: berries in sugar; berries in 20% sugar syrup; berries in sugar-free pulp;
berries in pulp with 20% of sugar; berries in honey.

Production of such supplemented processed foods from raw fruits and berries is justified with the
principle directions of the healthy nutrition policy in Russia [7].

The next stage of the study involved assessment of the biochemical composition of these products.

The analysis of the data on the functional foods market has revealed that the products based on raw
fruits and berries providing the source of valuable macro- and micronutrients are virtually absent. At the
same time, fruits and berries contain the ingredients responsible for the functional qualities of food products
(vitamins, amino acids, minerals, dietary fibers) [6.12.13].

We believe that the most important characteristics of the chemical composition reflecting the value and
quality of the products are the content of vitamins and acids in the frozen samples. Therefore, we measured
these values in the resulting processed foods.

Freezing and one year-long low-temperature storing led to decrease in the content of vitamin C in all
samples with the exception of the berries of all cultivars frozen in honey.

The content of vitamin C in the Elizabeth and Gigantella berries frozen in sugar decreased by 15.8%
and 17.1%. respectively during the low-temperature storing. In the rest of cultivars, the vitamin loss ranged
from 11.4% to 15.9%. The average decline in the vitamin content over the whole set of varieties equaled to
14.7%.

Supplementation with berry pulp with 20% of sugar resulted in better preservation of vitamin C than in
case of berries in sugar-free pulp. The smallest decrease was observed in the Victoria cultivar i 9.9%. and
the largest losses occurred in the berries of the Lord cultivar i 21.8%.

The reduction in the content of vitamin C in berries frozen in sugar-free pulp ranged from 25.9% to
35.2%. We observed a reverse pattern in berries frozen in honey. The content of vitamin C increased in all
varieties. The largest gain of the vitamin C content (21.2%) after storing was observed in the Honeoye
cultivar.

CONCLUSIONS

Our studies revealed minor losses of vitamin C in all the derivative products from 3% to 35%, as
compared to the initial content. Such decrease is apparently caused by the fact that vitamin C is highly
sensitive to the technological processing conditions and the addition of sugar.

In conclusion, we suggest that the resulting food products benefit the human health due to their
nutritional value and possess great taste qualities. Substantial resources found in the Republic provide the
means for production of such foods.

In this light, all-year provision of highly nutritious functional foods based on fruits and berries to
people is necessary for the support of public health under the conditions of global changes.

The varieties cultivated in Dagestan are suitable for further production of high-quality foods for
dietary and medical purpose.
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ABSTRACT

Here are the results of the theoretical studies of the indications of a wheeled tractor with a gas engine in the
appropriate modes of the transport process. The rational values of the parameters of the transmission and
the gas engine control during the tractor acceleration and the values of the speeds of a steady movement in
operating conditions according to the criteria of the minimum specific fuel consumptions and harmful
emissions were selected and justified on the basis of calculations on the mathematical model of a wheeled
tractor movement on a specially formed driving cycle. It was found that the maximum engine rotation is in the
range of 14 00téelsize0odopeningnof the throttle valvesisi n t he range of 50660
speed of opening of the throttle valves to 75 %/s is optimal. Using these recommendations it is possible to
achieve fuel saving up to 10 % and significantly to reduce emissions of harmful substances together with
exhaust gases.
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INTRODUCTION

Everyone knows that agricultural machines are equipped with diesel engines of a good fuel efficiency
and are unpretentious in operation and in maintenance. However, the increasing demands of environmental
characteristics of vehicles including agricultural ones require the improvement of their structure, which will
provide a significant reduction of emissions of harmful substances together with exhaust gases. This is
because a lot of wheeled tractors in agricultural production are constantly used as technological transport for
maintenance of livestock farms, greenhouses, warehouses, etc. Along with this they go inside and work for a
long time indoors that causes harm to the health of people and of other biological objects. After a few
minutes of engine running in an enclosed space the maximum allowable concentration of emissions of
harmful substances exceeds the permissible limits (Zaharchuk V.I.. 2011).

The previous scientific researches (Mateichyk V.P.. 2008; Zaharchuk V.l.. 2011) showed that one of
the effective ways of improving the environmental performance of tractors with diesel engines is their
conversion to running on compressed natural gas (CNG), including the ability to run on biomethane which is
a product of agricultural production.

Today the leading scientific research and engine-building organizations and companies are engaged

in conversion and upgrading of diesel engines to their running on CNG. They are MAN, Scania, Nissan,
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Mercedes-Benz, CUMMINS, Iveco, Moscow automobile and road Institute, all-Russian scientific-research
Institute of gas, Scientific automobile engine Institute, Kharkiv national automobile and road University, The
Institute of problems in machine engineering and others (Nylund N.. 2002).

Our research has found that, according to 13 modes ETS cycle the total toxicity of exhaust gases
reduced to carbon oxide & [ is 1.83 times less than that of diesel (Mateichyk V.P.. 2008).

The analysis of work modes of the wheeled tractors engines in operational conditions has shown that
about 40 7 45 % of all works performed by tractors are the transport works. When doing them the engines
run primarily in transient modes in which the parameters of transmission and engine control have a
substantial impact on fuel efficiency and on environmental performance of machines.

The analysis of the results of studies of vehicles with diesel engines converted to CNG ones has
shown that no one has done the research of influence of transmission and gas engine control parameters on
the operational performance of such vehicles in the transport process.

Therefore, the actual scientific-technical problem is to study the influence of parameters of control of
the tractor transmission and of the gas engine converted from diesel one on the performance of the tractor
running in operational modes.

The aim of this work is to study the regularity of changes in fuel consumption and harmful emissions
of a wheeled tractor with the gas engine depending on the parameters of a transmission and a gas engine
control during their transportation work and the argumentation of the choice of rational values of these
parameters.

MATERIAL AND METHOD

The choice of rational parameters of the transmission and the gas engine control during tractor
acceleration and the selection of appropriate speeds of the steady movement were carried out by simulation
on a mathematical model of movement of a tractor with a trailer in the adopted "accelerationi movement with
steady speedi deceleration” driving cycle. This simulation corresponds to the tractor operating conditions in
the transport process and describes the modes of movement (Mateichyk V.P.. 2010).

The mathematical model is represented by a number of differential and algebraic equations
describing the patterns of change in the tractor speed, fuel consumption and emissions of harmful
substances in exhaust gases at each elementary field of the driving cycle. The input parameters of the
mathematical model are the size of opening #.;-and the speed ¥, of opening of throttle valves of gas and
air mixer, the gear ratio U; of the gearbox and the engine rotation frequency n.¢ . at which the operator turns
higher gear during acceleration. @gr. ¥irr. and n,¢ set by the operator, define the vacuum in the intake pipe.
The vacuum in the intake pipe and the rotation frequency determine the engine operating modes, the hourly
gas Ggas and air G, consumption, the content of carbon oxides ¢ [. hydrocarbons CwH, and nitrogen oxides
NOy in the exhaust gases.

The base engine parameter is a torque moment { .. the value of which at the throttle valves position
given by operator is determined by such conditions at the output: by characteristics of the road (its
longitudinal slope i. the coefficient of resistance to rolling of a tractor and a trailer wheels f;); by own weight
of the tractor M;; by the mass of the load M; ; by the gear U; the operator selected; and by the factor of air
resistance kF. This is because these conditions determine the speed of the tractor and, correspondingly the
frequency of rotation of the engine crankshaft.

In the mathematical model we simulate the movement of a wheeled tractor with a trailer on the road.
In every moment of the cycle we determine its engine running modes (rotation frequency and vacuuming
behind the throttle valves of gas and air mixer) on the basis of which we calculate fuel consumption, harmful
emissions, traction-speed characteristics of a tractor at the elementary section of the path, generally in the
mode and for the entire cycle of the tractor movement. This is according to experimentally defined
characteristics considering the features of engine running in transient modes.

A refined mathematical model of movement of the gas engine tractor on driving cycle simulating the
transport process allows to study the influence of transmission and a gas engine control parameters on the
economic and environmental performance and to choose appropriate speed of the steady movement
(Zaharchuk V.1.. 2015).

The checking of the adequacy of the mathematical model of a tractor movement was carried out by
comparing the estimated speeds with the data of experimental studies obtained with the implementation of
driving cycle on a tractor and with the comparisons of fuel consumptions (Mateichyk V.P.. 2012).
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RESULTS

Theoretical studies (Zaharchuk O.V.. 2012) of the performance of the tractor with a gas engine were
carried out according to the algorithm of determining of the rational values of the transmission and gas
engine control parameters. It is shown in Fig. 1.

The algorithm allows to determine: 1) the appropriate order of gear-shifting in dependence on the
operating conditions by the criterion of minimum specific fuel consumption; 2) the rational maximum engine
rotation frequency at which gear-shifting goes on; 3) the rational values of the size and the speed of opening
of the throttle valves during acceleration according to the criterion of minimum total emissions of harmful
substances. It also allows to set proper speeds of the steady movement of the tractor, depending on the
rolling resistance coefficient.

The first stage of the study was to determine an appropriate order of gear-shifting during acceleration
of the tractor. Along with this the maximum values of the gas engine control parameters were accepted. At
this stage, the choice of the order of gear-shifting was carried out according to the criterion of minimum
specific consumption of gas ggas. On the mathematical model we simulated the acceleration of the tractor
with different variants of gear-shifting and chose such order which showed the least gas consumption per 1
km of accelerating.

The determining of Me criteris of the chcke ¢
rafional values of fhe Iransmission and engine
contrel gacamelers

7 1he deternining of fhe rafional order oF
gear-shifting during he tractor acteleralan

yes

..7.}; 1) ;gg.vu\'

3 1ae gatermining of tae rafional finite rofaten
freguency of the gas engine crankshafl nw during
fhe Iractor acceleration

“ Fre determining cf Phe rational angle of Mhe
apening of Ihe tarathic valves of Ihe Qas mixcr
@i gurng 'he tractor eceleration

> The determining of fhe rationsl speed of the
cpeaing of fhe Fhroifle valves of the gas mixer Yo
during the lrsctor accelersiion

0 Fae Jetermining of the apgreperiate speed of the
steady ocvemenl V=
1
7 The determining of $he traclor indicotions B
fag griving cycle under fae ratisnal paremefers of
the transmission and englne confeal

Fig. 1 - The algorithm of the determination of the expedient values of the parameters of the wheeled tractor
transmission and gas engine control
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The acceleration of the tractor when one chooses a proper gear-shifting was simulated with a
coefficient of resistance to rolling wheels f; = 0.016, typical for dry asphalt-concrete and cement-concrete
roads in a good condition. It was also simulated with a coefficient f; = 0.03. typical for dry dirt road and with
the 4000 kg weight of the load.

The minimum specific fuel consumption occurs when shifting of gears is in the 6-8-9 order at f; =
0.016 and in the 6-7-8 order at f; = 0.03.

The next stage of the study was to determine rational parameters of the gas engine control. These
parameters are: the rotation frequency of the engine crankshaft n.; at the moment of gear-shifting, the
throttle valves position @, in each gear and the speed of opening the throttle valves of the gas and air
mixer V. taking into account the rational control parameters defined in previous stages of the research.
The choice of control parameters was carried out according to the criterion of minimum specific gas
consumption ggas and of minimum total specific emissions of harmful substances reduced to carbon oxide
Os« (- During this choice the appropriate order of gear-shifting and the stepwise accounting of the rational
values of gas engine control were taken into consideration.

With the use of the mathematical model the proper order of gear-shifting during acceleration of the
gas engine tractor was determined.

Using the recommendations related to the appropriate gear-shifting order it is possible to achieve
3.9...9.8 % reduction of fuel consumption and a significant reduction of emissions of harmful substances
together with exhaust gases.

The rational values of the parameters of the gas engine control during tractor acceleration were
determined. In order to achieve the minimum specific emissions of harmful substances it is recommended to
provide the maximum engine rotation frequency at which the gear shifting is in the range of 1400...1500
min-t. and the size of opening of the throttle valves in the range of 50...60 % (Fig. 2) when the speed of
opening of the throttle valves does not exceed 75 %/s.
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Fig. 2 - Dependences of the indications of the tractor from the angle of opening of the throttle valves

The last stage of the study was to establish the appropriate speeds of the steady movement at the
corresponding segments of the driving cycle depending on the value of the coefficient of resistance to the
wheels rolling taking into account the rational values of the parameters of the transmission and the gas
engine control.
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The proper speeds of the steady movement of the gas engine tractor in the driving cycle are installed
depending on the coefficient of resistance to the wheels rolling. In particular, it is shown that achieving of
minimum specific fuel consumption and minimal emissions of harmful substances on the road with the dry
asphalt-concrete pavement is possible by performing driving cycle with the constant speed of 20...24 km/h
and on the dry dirt road with the constant speed of 10...13 km/h (Fig. 3).

CONCLUSIONS

Using the mathematical model of the wheeled tractor movement in the transport process we
determined the rational values of the parameters of the transmission and the gas engine control in the
acceleration modes and the appropriate speeds of the steady movement of the tractor according to the
criteria of the minimum specific fuel consumption and harmful emissions together with exhaust gases.
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Fig. 3 - Dependences of gas consumption and harmful emissions on the speed of the tractor steady movement.
when the coefficient of the resistance to rolling is fo = 0.03
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ABSTRACT

The paper is designed to the analysis of key geometric parameters of a working body and theoretical
studies of geometrical parameters interrelations. It also presents graphic studies of optimization of working
bodyés parameters.
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INTRODUCTION

Today 6s manufacturing demandsconsiiint @ en ditgrr waitnidn gwah d iél dt

Such buildings are used for creating antifiltration curtains, hydraulic engineering construction screens and
port facilitiesd sl ui cemoretThereaare dewgral Hasicalémarki®for sueh type of
constructions, namely their high quality, low energy and money cost of their building together with minimal
technological and ecological impact on environment. All the above means that wall-forming materials used
for constructing a ground wall should be utilized rationally and removal of mineral soil onto the surface
should be minimal (Zhvan V.. 2011. Ranniev A.. 2004).

The analysis of modern technologies and tools for the ground wall construction proves that the most
promising method is exploitation of blade vibration shells (Kravets S.. Romanovskii O.. 2009. Kiriyenko O..
2015). They provide building of a minimum-sized wall to any projected depth together with forming and
stuffing the cleft in soil without removal of mineral soil onto the surface.

MATERIAL AND METHOD

Specialists from National University of Water and Environmental Engineering developed a vibration shell
which includes cleft-forming blades fixed on a bar. Wide implementation of the tool into production requires
setting of rational parameters of the said blades to minimize energy consumption while forming the cleft.

Picture 1 demonstrates the scheme of interaction between cleft-forming blades and soil.

The study was conducted through minimi zati on of the force of the
conditions of the experiment were set on the base of studies of V.Baladinskii. S.Kravets. O.Romanovskii.
They are the following:

Vibration does not affect geometric parameters significantly;
Soil means homogeneous isotropic medium with inner and outer friction, density and moisture;
Soil destruction appears under plastic deformation together with soil pressing into cleft walls while

soi l particles are slipgijng on the bladesd working fac

The determinant power that affects rational parameters of the shell is static one.
The said blades are symmetrical.
We do not take into account soil friction on the lateral surfaces.
We project the studied powers on the QY axis:
dP, =dNsina, sing, ;+dT @osd. [N] (1)
where:
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P,-means resistance of[Njtlz shell i mmer si on

N - means normal component of resistance. [N];
a, - means an angle between working cutting edge of the blade and the plane XOY. [grd];

g, - - means a slope of the cutting edge to the direction of its immersion. [grd];

T - means a tangential component of the resistance. [N];
d - means an angle between direction of soil movement and the OY axis. [grd].

Fig.1 - The scheme of blades and soil interaction

An elementary normal pressure on the working edge can be shown through the pressure index q and
differential area dF:

dN =q@F . [N] 2
where
dF = N ey 3)
sina,
here
b t dx
h==. = ) pdl = ) 4
3 Il 1= gl di = 2o ) (4)
where

b - means thickness of a cutting blade. [m];
| - means length of a cutting edge of a knife . [m];
dl - means an elementary area of a cutting edge. [m];
t - means length of a single grab. [m].
Measuring of an elementary friction force through a normal pressure force dN and frictional coefficient
f =t givés
dT =f @N =tg/ @N . [N] (5)
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where
/- means an angle of wall friction. [grd].

Angles d and n are angles between direction of soil movement onto working edge of a knife and OY
axis and cutting edge. They can be determined on the base of assumption that movement of soil particles

along a working edge of a knife is uninterrupted under the following circumstances (Kravets S.. Romanovskiy
0.. 2014):

=g, - [ord] (6)

2 2
cosd =sin g {ctg g, -+cosa,).[grd] )]

We put the expressions (2) i (7) into the formula (1), make some approximations and get the
following:

a
& t os g, [t ~+sing .@osa o
dP, =g, K+ o/ deosg g g ;+sing ; 28
P sina, 4
(; -
We integrated the expression (8) from 0to t and got the following:

o

C&
dP, = iy Rad +
0 e

ol . [N] (8)

tg/ Qcos g, HCth g, ~+sing, @osam)o

@It =
sina, o
“s s ©
=2 osg (bt -+sing .@osa,)o
= 4q, bt singas + tg/ Qcos g, ety gL 9. : m)o
(? smam 9

We express ¢, ; through soil bearing capacity q., and ratio between pressure of an environment on
a knife working edges in case of bias cut K (Romanovskiy O.. 2012):
Ot & Ge mCK -[Pa] (10)
s = qqgﬂ_ _ - .cosam- sinam: Go/ - — 1)
970 1-sin g Cﬁl cosam)- sing -Gina, Qg/
The number of working edges is four; thus, the expression (8) will be the following:
cosa, - sina, Qg/

P, —4metsmgO 3
1- sm g (ﬁl cosa) sing, H("Binamc'bgj
-[N] (12)
tg/ (cos g, nCiztg g, ~tsing, ncaosam)o
sina,

o8 &’»?B“”
1o:0

According to the said angles of cutting a,, the minimal power of cutting is measured as

dP,
L= 13)
dgL a
i . a
CIdPy _ : cosa, - sina, Qg/ Cﬁ+ tg/ Qcosg, :Gttg g, -*+sing, naosam)o_0 (14)
95 1-sin g Cﬁl cosam)- sing, .Gina, Qg/ 89 sina, 0
%cosa - smamCDg/ )@sin2g, Q1 - cosa,)+cosg, ncslnaw(])g/ )838
6° 0
f (- osm g, -@1- cosam) sing, anatGCDg/) 0 8+
: 3 %Jr tg/ Qcosg, :Gztg g, ;*sing, {@os am)o g (15)
& P sina, 0 8
0 o G g B + ~
% cosa, - sina, (g/ 8 a/ C@ongcosa 2 - ctg g)%
e - @

2
8%&— sin g, Cﬂl cosam)— sing .Gina, Qg/ gae
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The results of calculations done are demonstrated in the form of the following line chart (fig. 2).
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Fig.2 - Dependence of rational constituent angles of knives for soils with frictional coefficient:
1-60=@2-0=B3-0=0aY

CONCLUSIONS
The dependence above allows us to draw the following conclusions:
1. Rational constituent angl e sessertialhlkwhiewal sonditionS ared e p e n d
not so crucial.
2. Equipment designed with rational constituent angles of knives is able to significantly affect energy
efficiency of a vibration shell for ground walls construction.
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ABSTRACT

Experimental researches of the rational system of wedge-shaped destructive elements placement are
expounded. The change of energy capacity of the ice layer destruction process is determined and
experimentally grounded and the estimation of quality of road pavement cleaning is given depending on
placing of indents on the working body.
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INTRODUCTION

For this purpose it is expedient to apply working bodies which would provide cleaning of road
pavement without its damage and without contamination of the environment. Until recently, the development
of their design has been mostly aimed at diminishing hauling resistance and to a lesser extent 1 at achieving
high-quality operation indices and road pavement cleaning. According to the existing technologies the
required quality of road pavement cleaning is obtained with the utilization of combination of a few types of
treatment which result in additional energy consumption (Sedov L.I.. 1973; Balovnev V.1.. 1981).

Winter period in the road maintenance organizations is the most difficult and responsible. Road
conditions at this period of year are often the cause of accidents. Phenomena that include complicate or
make impossible to travel on roads include blizzards, snow and puts icing coatings. Last one causes a
significant reduction in traffic speed and movement and sometimes stops altogether. Due to the deterioration
oftollroads inwinter Uk r ai neés economy has significant soci al and

Existing technologies remove ice formations formed on the surface of the road surface, including the
use of salt in the cities that are not effective enough, as a result corrosion of metal surfaces adversely affects
the road surface, the tires of cars, falling into the ground, roadside vegetation, pollute waste water and
practically it is not used in the thickness of ice formations than 30 mm and temperatures below -10 OC.

It is therefore recommended to use working bodies that would ensure clean coating without damaging
and polluting. Until the development of structures in their majority, it was aimed at reducing traction resistance
and less - on the achievement of quality indicators and quality cleaning coatings. For existing technologies
necessary quality cleaning coating is achieved using a combination of several types of treatment which results
in additional energy (Goldstein R.V..2012). In addition, existing ice breaking working bodies do not provide
contactless detachment ice formations from the surface coating, which leads to damage.

In this regard, nowadays, the urgent task is to develop effective working bodies to remove ice
formations that would consider the various conditions of formation and temperature of the natural
environment to improve quality cleaning coverage with minimal power consumption, without polluting the
environment without damaging the pavement.
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Features and efficient operation of city streets and roads are largely dependent on the technical state
of structural elements. Among them is the basic building block pavement, technical condition which affects
almost all indicators of operation and functioning of city streets and roads. This is due to the dominance of
technical indicators of pavement in assessing the overall operation and functioning of city streets and roads.

During the operation of city streets and roads as a result of mechanical stress, natural and other
factors having various pavement defects (wear, deformation, fracture, etc.) lead to the deterioration of its
technical condition. As a result, over the time it leads to deteriorating of technical condition and other
structural elements and engineering equipment of city streets and roads.

In addition to technical performance status, the quality of operation of city streets and roads is also
defined as operational, hygienic, aesthetic, social, economic.

The most difficult period of operation of city streets and roads is winter maintenance, which requires
large material costs and labor costs.

Clean technology of urban areas involves removing snow as soon as possible. But because of the
complexity of the organization, deviations from technical recommendations as well as the limited number of
available machines snow removing is often done poorly and late. Thus, with increasing temperature above
0°C and subsequent sharp cold snow turns to ice formation.

Compaction of snow is accompanied by a sharp increase in its strength, durable large snow becomes
compacted during the transition from state to ice formation. Thus, the strength of ice formations at shift
exceeds the same indicator for compacted snow almost three times (Veyukov E.V.. 2012).

Ice formation significantly alters the performance characteristics of the road surface, defined by two
parameters:

- Coefficient of adhesion of the car to the road surface;

- Coefficient of rolling wheels.

In reality, there is always the potential for urban roads of compacted snow and ice formations to be
removed from the pavement surface as soon as possible.

Struggle with slippery winter on the roads leads in three directions:

- Prevention of slipperiness;

- Improve the adhesion of the car with icy coating;

- Remove ice formations on the road surface.

The first direction is based on carrying out preventive measures that impede forming slipperiness on
the roads. This area is not very effective, as can not be predicted during the formation of ice formations and
is not suitable for use on city roads.

The second trend is spilling over the surface of icy road friction materials which improve adhesion to
the road. The disadvantage is the low cost and lack of effectiveness as friction materials are off the wheels of
cars and wind blown off the road immediately after the spill.

The third area is the destruction of ice formations on the surface of the cover and remove it outside the
sidelines. Destruction efficiency increases with increasing thickness of ice, decreasing temperature and
increasing the degree of water repellency air. It is used for clearing snow and ice removal and destruction of
structures (Voskresenskiy G.G.. 2010).

Current trends of removing ice formations of pavement have several disadvantages that lead to
deterioration in the quality of pavement and limit the application range. So important is the task of developing
a new technical solution to remove ice formations of pavement and sidewalks.

Summarizing the above mentioned, it resulted that the most promising in terms of material costs,
environmental pollution and efficiency is a mechanical way to remove ice formations of pavement and
sidewalks.

MATERIAL AND METHOD

Effecting on ice with dynamic loading of high amplitude but low frequency results in his instantaneous
fragile destruction under the action of tension waves. The prerequisite of tension waves formation and their
distribution in the environment under dynamic loadings that influence the destruction of material are considered
in the monographs of the well-known scientists: N.A. Alekseev, D.D. Barkan, L.I. Baron, V.L. Baladinsky, S.S.
Grigoryan and many others. The researches of physical and mechanical properties of ice and its destruction
peculiarities have been performed by G.L.Karaban, A.N. Zelenin, V.N. Denisov, L.S. Mnukhin, V.V.
Bogorodsky, V.V. Laure,. K.F. Voytkovsky, etc. In the course of research it has been elucidated that the ice
formed on road pavements of streets and sidewalks has an obviously expressed chaotic texture formation and
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the rate of its freezing up with road pavement depends on a series of factors, primarily on the state of road
pavement surface (Baladinskiy V.L.. 1971; Cherepanov G.P.. 1974; Balovnev V.I.. 1981).

In this connection, it is an urgent task nowadays to develop highly efficient working bodies for ice
removal which would allow to improve the quality indices of road pavement cleaning without its damage
grounding on the consideration of different formation terms.

The efficiency of an icebreaker operation substantially depends on placement of indents in the
technological module which form a system of destroying cracks on the ice surface. Therefore, while choosing
the rational placement of contiguous destructive elements on a working body it is possible to reduce the
energy capacity of destruction process, to increase the area of destruction and decrease the size of fractions
of the split off ice, to provide necessary cleaning quality of road pavement.

Consequently, in order to provide high-quality operation of working equipment, it is necessary to
create such a strained state in an ice array so that to promote the distribution of destructive cracks down to
the surface of road pavement (Muskhelishvilli N.I.. 1966).

Thus, the distance between the contiguous destructive elements must provide the mutual overlapping
of the fields of their strained states, that will enable the complete destruction of ice formations layer on the
pavement.

As an object of the research there has been used a hydroimpulsive working body, the shocking plate
of which is equipped with indents having appropriate geometrical parameters together with the brush for
clearing from ice formation remains.

Workings indents are accommodated in two parallel rows, in a chess order with the mutual
overlapping of the destruction area (fig. 1) perpendicular to the direction of icebreaker motion with the united
front of cracks development.

The volume of formations amounted to 0.0 1 €.00 m® per one m? of pavement. The ambient
temperature was -2 é-25 % . the density of ice formations i 0.7 é 5-103 kg/m?, the presence of different
inclusions aws equal to 2 é 7 %.

It should be noted that with the implementation of the working body into the working environment with
opened lateral walls, the blasted area is increased due to the appearance of cracks which go out on a lateral
surface. In this case, the optimum value of shoulder of splitting off, the size of which can be obtained under
the condition of energy minimum necessary for the formation of splitting off cracks serves as a determinative
of the process.

Consequently, if we want to dispose an instrument nearby, earlier was created a small hole of splitting
off before a subsequent blow, the latter playing the role of an additional free surface, though of limited size,
however the breakage is performed jointly.

The purpose of the experiment is the verification of analytical dependences and findings for the
substantiation of parameters of splitting off and placing of indents for the destruction of an ice layer. The
tests have been carried out on the laboratory installation presented in figures 1 and 2.

Fig 1. Laboratory installation for the research of wedge-shaped destructive elements placed on the shocking
plate: 17 aframe of working body. 2 i the indents of the first row. 37 the indents of the second row.

RESULTS
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After conducting the experimental researches on a laboratory stand, it was detected the influence
character of wedge-shaped destructive elements placing order on the peculiarities of the process: of
operation ¢. of energy capacity ga of destruction process and index of cleaning quality of road pavement 1
the data have been obtained by which graphic dependences have been designed; the analysis allowed to
define the basic particularities of wedge-shaped destructive elements interaction with the environment being
destroyed.

During conducting the experiment for creating high-quality picture, photographing was erformed that
has allowed to create a photogram presented in figure 3.

Fig 2. Chart of wedge-shaped destructive elements placing in two parallel rows in a chess order.

As a result of experimental researches the dependences for placing of wedge-shaped destructive
elements on the working body have been obtained, while removing ice formations from the surface of road
pavement at the angle of an indent sharpening 2a=27°.

Fig. 3. Photogram of ice destruction process.
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As a result of PFE was obtained the regression equation and was introduced in natural scale. After its
decode it results:

- 474Q, 04 +1290Q,  H +213Q475 - 086417 | - 112042
k. =1021- 00294, +00003Q, , - 00011H +00015Q, Q, , -

+0,00110, (H +0,0002Q, , GH - 00012G% +0,0004Q7 |, - 000020H?

@)
)

The dependence of energy capacity process indices and quality of road pavement cleaning on the
distance between the nearby wedge-shaped destructive elements at different thickness of ice layer | is
resulted in figure 47 6.

0,12 Lc 2 0,12

Fig. 4. Dependence of specific energy of destruction and the quality of road pavement cleaning on the
distance between contiguous destructive elements at1 =0.06 m

Fig. 5. Dependence of specific energy of destruction and the quality of road pavement cleaning on the
distance between contiguous destructive elements at] =0.08 m
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q, Ax/m?

Fig. 6. Dependence of specific energy of destruction and the quality of road pavement cleaning on the
distance between contiguous destructive elements at] =0.10 m

CONCLUSIONS

In the course of experimental researches it has been determined (fig. 47 6) that the energy capacity of
the process diminishes proportionally with the growth of the distance between destructive elements and the
quality of road pavement cleaning diminishes with the increase of the distance between contiguous
destructive elements (fig. 41 6). The performed experimental researches enable to select the rational
parameters of wedge-shaped destructive elements placement on a working body for the removal of ice
formations, which will satisfy minimum energy capacity at the set index of the quality of road pavement
cleaning.

As a result of studies, there were found rational placement options of destructive elements to remove
ice formations = 80-100 mm. 100-150 mm = aspect ratio = 0.7-0.8 with minimum power consumption for a
given indicator as cleaning coating = 0 . 85-0.90.
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ABSTRACT

A proper condition for social and economic progress is the reliable operation of the transport system.
Prediction of the transport system depends on properly chosen methods of transport processes modelling.
This article presents various models of transport, transport and traffic, mainly focused on certain types of
vehicle or certain types of operations performed in transport. Studied results were obtained as a result of the
simulation. The main objectives of the transport system of Ukraine are investigated.
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INTRODUCTION

Transport system can be seen as an organized association of interrelated and interacting elements,
objects, space transport mode of transport to carry out transport operations.

Nowadays, transport system of Ukraine is not fully prepared to provide transportation in required
guantities. Due to lack of regulatory framework and low investment potential of the transport system
increased wear of means, deteriorating their structure, is not ensured proper traffic safety, increasing the
negative impact of transport on the environment and human health. The rapid development of the domestic
market of Ukraine requires efficient and economical transportation system. It means not only a modern
transport infrastructure with high throughput and transportation capacity and reliable modern rolling stock
that meets international standards but also new and better methods of assessing the economic and technical
efficiency of transport of Ukraine (Mukminova T.A.. 2007).

In practice, the planning of transportation systems is represented by common normative statistical
extrapolation, system-structural associative and methods of economic and mathematical modelling.
Problems regarding planning process included a number of domestic and foreign authors (Tsyrel S.V..
2007).

Model is an image representation of an object, system, process in the same form as another in real
life. There are physical and mathematical modelling systems.

When modelling is the process of investigation of the real system that includes building a model of
research and transfer of the results for the studied system. In mathematical model of a real system it refers
to the set of relations that define the characteristics of the system depending on its parameters,
environmental conditions, initial conditions and time.

The main stages of modelling are:

1) Analysis of the economic system, its identification and determination of sufficient structures for
modelling.

2) Synthesis and build of a model because of its mathematical characteristics and specifications.

3) Verification of the model and specification parameters.
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4) Clarification of all system parameters and the parameters of the model with the necessary
corrections, adjustments (Mamonov K.A.. 2009).

Research of mathematical model makes it possible to obtain real economic characteristics of the
object or system. Type of mathematical model depends on the nature of the system and of the objectives of
the study. In general, the mathematical model of the set contains a description of possible states and last law
of transition from one state to another (operation of law).

Are there widespread the development and use of mathematical modelling techniques in the analysis
and management of socio-economic processes?

The main problem in modelling traffic flows is the lack of limitations in processing power and high
sensitivity of real transport system to input data (characteristics of sources and sinks of cars) and the inability
to collect enough information about the full input.

MATERIAL AND METHOD

In a market economy, the development of the transport system is very important too. Traditional
approaches to managing the development of transport systems mainly focused on certain types of vehicle or
for certain types of operations performed in transport. In existing techniques the transport operation in the
development of an integrated transport system, is not considered.

Many scientific researchers investigated sectoral subsystems of transport system of the country or
region. The authors Nagornyi. Ye. V.. Sheptura. O. M.. & Potapenko. A. V. The model transport systems
"LAS" and software to this model. make it possible to set patterns of development and forecasting
performance of trucking companies Ukraine. With this model can make predictions passenger volumes. the
average monthly wage of workers trucking companies. the size of rolling stock. harmful emissions and the
required number of engineering staff (Nagornyi Ye. V.. Sheptura O. M.. & Potapenko A. V.. 2011).

Panasenko N.L. presented an algorithm of complex integrated assessment of transport systems in
Ukraine. The first step in the algorithm evaluation of the transport system is the identification and selection of
sub indicators of sufficient completeness reflecting properties of these subsystems. In the second stage for a
comprehensive integrated assessment of each transport all selected statistical indicators characterizing its
development. should lead to dimensionless parameters ij z a set of values on the interval [0. 1]. which is
calculated by the formula

_ X X"
Zy = mn @)
Xij - Xij
where xij T the initial value of i-th index for the j-th mode of transport;
Xj" and X{"i respectively is the smallest and the largest value of initial index. x; initial rate for the period
of time.

In the third phase for each indicator. weights are defined wi. These factors are selected proportional
component of the vector squared covariance matrix normalized indicators zj. corresponding to the maximum
e i g e n vaaHisumatrixgl. 4]. A comprehensive integrated assessment of individual modes of transport is

determined by the formula:

n
Wj = 3a1 Wij CZ”- 2)
where wij - a weighting factor of indicator zj in evaluating the level of development the j-th mode of transport;
zij - normalized index corresponding to the initial index xij.

According to the results obtained can analyze the trend of the transport system (Panasenko N.L..
2014).

Shumeyko O.A. considered using the method of sequential analysis of variants (PAHS) for the
numerical solution of complex optimization problems of transport system. Of particular difficulty in the
practical application of the method of PAHs to meet the challenges of optimizing the railway system is to
create a table of possible transitions.

There are some problems of optimization of technical and technological state of the transport system
in which the final state in the process is fixed optimization. This approach allows finding all the best solutions
at the same time. as a result of which the system moves from the initial state in each of the final states to
ensure the compliance of technical and economic requirements of the end of the period studied. However,
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since the chosen might get a tree structure. which values of b t on these branches will meet semi-optimal
solution. The whole procedure must be repeated for all sets of values that give a task that falls apart.

CAV method used for solving the problem of optimizing the technical and technological development
of transport systems can be used for a wide range of multivariate problems to analyze many factors influence
the choice of the optimal trajectory study of the system.

This allows for example to analyze the sensitivity criterion of efficiency investments and investigate the
impact of various factors on this indicator (Shumeyko O. A.. 2008).

Transport model is divided into mathematical and simulation. The first known laws operate traffic. in
the form of formulas. systems of equations and more. Second. mimic the movement of individual vehicles.
driver behavior. work lights and more. In practice increasingly used a mixture of mathematical and simulation
models.

For example. transport systems modeling at the macro (country. city. neighborhood) operate
demographic data. the concepts of "Earl Road". "attraction zone". "transport supply and demand." They laid
the percentage of the population use cars. the capacity of the streets. the number of parking spaces at the
mall. Macro model uses basically. mathematical modeling and tries to answer the question: "Why and where
all go?". "Is it enough bandwidth streets that all serve?". "What would happen if this street block?". Etc..

Micro model of operating a particular site with "real world" i controlled intersection. transportation.
network street car. This micro model "knows" about the number of lanes. the presence of the ups / downs.
characteristics of engines (how quickly they can move). rules of the road and stop. To micro model started
working at full capacity. her entry should submit information on macro model. quantity and composition of
vehicles at certain times (how many cars and how many trucks. how many buses. trams. etc.). the behavior
of drivers (or often rearranged as often follow the signs and displays. or observe the rules of parking). If the
data are correct macro. micro allows to accurately simulate real traffic.

The main purpose of transport models are conducting experiments. You can check how certain
changes in the movement of impact on traffic. You can set up traffic lights. to decide on the extension of the
street to ban or permit turns on the organization of one-way traffic. The model will help develop a plan of
temporary traffic at the time of major events 1T competitions. street parades and more. At the city level
transport modeling will decide on the consequences for transport conditions of construction of another
shopping center or a new neighborhood. In other words. the transport model T an indispensable tool for the
improvement of the city without serious consequences. The more the model. the more diverse information it
stores. Maintain up to date model display means it is changing the real world 7 floor traffic. road repairs. the
appearance of new roads. traffic lights. traffic lanes. residential areas. schools. offices and retail space.
Support models to date T a time-consuming and responsible process that imposes high demands on the
staff. the organization's internal processes. quality and stability information channels.

The use of surveillance cameras over the work of commercial vehicles in ITS (intelligent transport
systems) can detect its gravitational zone. demand. supply. These data create a transport simulation of
rolling stock commercial city level. Experience in implementing this simulation indicates a significant
reduction in travel time and attract additional rolling stock. reduce the environmental impact on the
environment (Rudzinska O.V.. toothless Y.V.. Shumlyakivskyy V.P.. 2016).

As the Rudenko D.V.. the essence of economic and mathematical modeling of transport systems is to
find adequate reflection process using mathematical description. For this you can use different groups of
economic and mathematical models.

Building a model of logistic system will help determine the parameters of the system in which the
maximum of the expected financial results (OS).

The author notes that it is appropriate to evaluate the results of the logistic system by the criterion of
the expected loss. In general. the record of this criterion has the form:

OS system = D system -Z system i N system. 3
where: D system i the cost of shipping logistics system. UAH; Z system i system costs. UAH; N system -
the loss of the logistics system. UAH.

With the fixed volume of sales in the market and the selling price fixed in accordance with the formula
3 OS system may increase by reducing the <costs and losses of the system.
The magnitude of expenditure systems affect transport costs. The costs of transport. however. depend on
the delivery of goods transport technologies that use in the logistics system. The use of transport
technologies is closely related to the work of the agents of the logistics system as well as using different
channels of distribution of goods.
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To evaluate the basic version of functioning logistics system in terms of transport technologies deliver
the goods proposed to use the indicator attractiveness transport goods distribution channels:

tr
Z p

tr’
Zb

KR _—
KR =

(4)

where: Zg T transport costs in the proposed version's distribution of goods in the logistics system. UAH;

Zf)' I transport costs by the base (or current) version of the distribution of goods in the logistics system.

UAH.
To assess the feasibility of vehicle logistics system is proposed to use ratio relative efficiency of

vehicles:
LS — cI F istq) (5)
TZ F '
c[ istq)
where: c[ F x q)T expected financial performance logistics system for the proposed brand vehicle. UAH;

{ FR ol expected financial performance logistics system for the base (or existing) brand vehicle. UAH.

The current state of market relations requires a combination of all market consumer products for the
successful operation in this market. Logistic system formed must respond quickly to changes in demand for
goods. Because of the large variety of possible formation of logistics systems there is the need to study and
get information about the features of their development ( Rudenko D.V., Lagodyuk O.D.. 2013).

Kudrytska N.V. believes that the study of the transport system of Ukraine should be performed through
the development and implementation of cognitive model that enables it to survive in the competitive context
of globalization. Cognitive model gives an idea of how should operate and develop the transport system,
ideas and mechanisms should be formulated and employed in management.

Cognitive modelling methodology is a set of methods for analysis and subjective perceptions of an
expert (a person who makes decisions) regarding the functioning of semi structured systems and methods
for developing strategies for managing such systems.

The cognitive approach for decision support is focused on how to activate the expert intellectual
capacity and help him fix his vision of problem situation in a formal model. As the latter applies cognitive map
that represents the fundamental laws and regularities in the form of a signed oriented graph in which the
apex of the graph i the factors (attributes, characteristics) and the weighted arch between them i the causal
linear or nonlinear relationship.

It is important for cognitive models is the requirement of stability in relation to single pulse exposure.
These properties of processes and phenomena provided by the presence of both negative and positive.
stimulating growth. feedback. and debugging options feedbacks. guaranteeing performance conditions
described above. With the positive cognitive-communication factor causes an increase leads to an increase
factor and effect. the negative T Increasing the value factor. causes leading to the reduction factor and effect.

Cognitive graph is subjective simplified model of the system and provides material for further research
T cognitive modeling. which aims at generating and verifying hypotheses about the functional structure of the
situation there. to obtain structures able to find out the situation through behavior study and explanation
qualitative forecasts of its development (direct problem solution "What if?"). get tips and advice on
management situation (the inverse problem solution "What you want?") (Kudrytska N.V.. 2015).

The figure represented fuzzy cognitive map of the transport system of Ukraine with the main factors of
its development. which is devoted to research achievements of the author (Kudrytska N.V.. 2015). However.
the difficulty is determining the degree of influence and relationship between these factors. To solve this
problem. appropriate use of cognitive modeling.

Transport
services
tariffs
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Fig. 1 - Fuzzy cognitive map of the transport system of Ukraine

The author presents the following economic and mathematical models of dynamic development of
transport system of Ukraine:
1. Models ranking regional transport security by:
a) hierarchical cluster analysis

The components of the integral index of transport provision Regions cargo transportation: - existing
population. thsd.; land area. thous. km2; - Transport of goods by road. min. Tons; - Length of public roads.
thous. Km - the average transport distance of the 1st ton Trucking km - total mileage of trucks. thous. Km; -
Density of public roads paved (km per 1 thousand. Km2 area) .In the simulation result by 3 clusters:
1) a high level of Dnipropetrovsk. Donetsk. Kyiv. Lviv. Kharkiv region;
2) Medium: Vinnitsa. Zaporozhye. Lugansk. Odessa. Poltava and Cherkasy;
3) low: Crimea. Volyn. Zhytomyr. Ivano-Frankivsk. Kirovohrad. Mykolaiv. Rivne. Sumy. Ternopil. Kherson.
Khmelnytsky. Chernivtsi. Chernihiv.
b) the desirability function Harington.
The overall indicator transport security:

R
D:nOdi. (6)

where: d, - partial function. n i number of indicators. d, =exp (0-exp (0yi) . where: y; - the indicator in a

standardized form.

2. The model determining the cost of transport of goods by risk
The study of economic risks on transport showed that the acceptable level of risk will be 0.338. while the
calculation of tariffs for cargo transportation by road cost is: S2= S1+0.338 S1.

3. Probabilistic model updating vehicles using the theory of Markov processes

Number of vehicles vehicles is updated so that the total number N for the future years remains
unchanged: Dn = DoP.
where: Dy - population distribution by age of vehicles in the n-th time; Do - initial allocation size vehicle v age
at the initial time Do = (vo. V1.é . V12); { - matrix of transition probabilities.

4. The model linear programming problem of finding the optimal distribution capacities of enterprises
for the production of biofuels.

Limitations:
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n
1) Every vendor must give consumers biofuels any more than it has: a, 2 a X; ( =1.2.6 .m);
=1
M
2) every consumer should receive as much biofuel as is necessary bj 2a X; o (=1.2.é .n);
i=1

3) supply and conversion factors should not be negative: X; 2 0. & 2 0;

4) supply option should be the most beneficial to ensure that a minimum total costs:
nm n
F= a a X; Qij =min; B j provider resources; b; i consumer needs; c; i the cost of supply a unit of
-1 j=1
production from the i-th supplier to the consumer j-th;x; 7 size of the supply of the i-th supplier to the j-th
C 0 n s u me gonverson jactor that binds ai and bj. (Kudrytska N.V.. 2015).

As noted by Dmitry Bespalov in modeling traffic historically developed two basic approaches i
deterministic and probabilistic (stochastic).

The basis of deterministic models is the functional relationship between different parameters. such as
speed and distance between cars in the stream. In stochastic models of traffic flow is considered as a
probabilistic process.

All models of traffic can be divided into three classes: the model analogs. models passage of the
leader and probabilistic models.

In the models-analogues movement of the vehicle is similar to physical flow (hydro- and gas dynamic
model). This class of models is called macroscopic.

In the models passage of the leader significant assumptions about the connection between the
movement and the main driven car. As the theory in models of of the group take into account the reaction
time of drivers studied traffic on the many roads band enough. studied the stability of motion. This class is
called the microscopic models.

In probabilistic models of traffic flow is considered as a result of the interaction of vehicles on the
elements of the transport network. Due to the strong character limit network traffic the mass character of in
the transport stream consisting distinct regularities forming of queues intervals downloads bands on the road.
etc. These regularities are essentially stochastic.

Recently. studies traffic flow began to apply interdisciplinary mathematical ideas. methods and
algorithms for nonlinear dynamics. Their expediency proved presence in the transport stream of persistent
and unstable modes of motion. loss of stability when changing traffic conditions. nonlinear feedback). the
need for a large number of variables to adequately description of the system (Dmitry Bespalov. 2014).

Modeling and traffic flow research provides an in forecast data of loading transport network. Unloading
the problem areas of the road will reduce the overall cost of moving road users.

RESULTS

Improving the effectiveness of transport systems foresees the decision of set of interrelated tasks.
many of which can be carried to a higher level of tasks because they are beyond the scope a narrowly
transport problems. Process optimization of transport systems consists in finding optimal proportions
between the quantitative meanings and tendencies of changes of financial. of technological and
organizational factors associated with the operation of transport systems. For realization of these
calculations necessary to have a formalized description of patterns of functioning transport systems in which
guantitative values of possible changes in the factors which are accounted would be linked with the
economic indicators or indicators of the quality of the transport systems of mathematical relationships. For
example. it may be the ratio of the balance type in which the quantitative values recorded factors associated
functional dependencies; ratio describing the dynamics of the factors in economic indicators over time or
when changing numerical values of factors and so on.

Preparation of such relationships. forming together a mathematical model of the object of research is a
challenge. First of all. it is difficult to choose the very structure of dependencies. such as the above factors.
the technological and technical parameters of transport systems. Then. under the chosen structure should
take into account that transport systems operate in an uncertain external and internal environment
associated with a large number of interacting parallel functioning of objects and human factor. For example.
transportation planning. you can not accurately predict the actual weather conditions. the possibility of
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sudden congestion on the route. the number of vehicles of other carriers arriving simultaneously at points of
loading and unloading. etc.

Optimal planning of transportation systems. essentially overcomes many of these difficulties. based on
a system of interconnected mathematical models within which it is possible to take into account features
such transport systems as lack of clarity of the information available. the contradictions in the interests of
partners. a multi-character assessment of the mode of operation and t. e. based on these models it is
possible to formalize optimization problem and use appropriate mathematical apparatus. Experts identify
several classes of optimization of transport systems: the problem of routing traffic and vehicle traffic. the task
of loading vehicles. the problem of the timetable. task scheduling of labor and technical resources. tasks
planning of transport enterprises. problems of perspective development of transport. the problem of industrial
and transport planning (Lotysh V.. 2015).

More valuable results can be obtained by combining ideas from different fields. For example. hybrid
models are able to combine the advantages of different types of models. It would be interesting to combine.
for example. Mesoscopical model with microscopic or macroscopic models. In addition. new branch hybrid
models can unite mixed class and multi-class models. And finally. now generalized models include many
models. but not all. Further generalization can be developed and used to compare existing effective
and new models (Femke van Wageningen-Kessels. Hans van Lint. Kees Vuik. Serge Hoogendoorn. 2014).

So. for the assessment of transport system is not enough study of its individual subsystems. an
integrated approach that reflects the relationship of these subsystems. In this approach. it is important to
complete the assessment by which to examine the trend in performance over time. and research results of
the analysis. accounting. forecasting. control and regulation of the transport system.

CONCLUSIONS

The system of regulation should be aimed at improving the legislative framework and organizational
restructuring. accelerate the development of transport infrastructure. the creation of a national network of
international transport corridors. integration of transport systems in Europe and Asia. the Baltic and Black
Sea regions in line with international standards. The main factors that hinder the development of
transportation services in foreign economic activities in Ukraine are: disorder in system of state regulation
regarding border control and collection of fees; the high cost of services provided by customs brokers.
service control and transport terminals; numerous bureaucratic obstacles in the design of international
transport; low speed delivery of passengers and cargo; and the lack of comprehensive information services
to the implementation of international transport; insufficiency. and in certain areas of the complex and lack of
regulations governing the international transport and service. the inadequacy of the road network to
international standards.

The main objectives of the transport system is the development of infrastructure projects on routes.
terminals. ports. airports. bridges. railway stations. supply schemes use mutually vehicles and equipment for
shipbuilding industries. automotive and aircraft industry. manufacturers of loading. packing and
containerization. accelerate the development of a national strategy clustering of relevant programs.
organization of functioning and development of international transport corridors and their involvement in the
international transportation network. increase the investment attractiveness of transport by ensuring a
competitive environment in the transport sector.

The modeling of the transport system is an integral part of its future development. To address the
objectives necessary comprehensive approach in selecting optimization models. since the transport system
depends on many factors.

The transport system composition includes all modes of transport and ways of communication. the
proportion of each type differs in regions of Ukraine. Therefore. the modeling of the transport system must:

- determine the main indicators of its work through a comprehensive evaluation of integrated transport
system development;

- assess a transport provision of regions when using the integral index of transport provision regions
and a cluster analysis;

- investigate traffic flows in just a simulation what will help to get the forecast data on loading transport
network and determine its throughput;

- solve the problem of optimization of transport system development by a sequential analysis of
options method that will allow analyzing the sensitivity criterion of investment efficiency;

- to evaluate the results of the logistic system by the expected financial results criterion.
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ABSTRACT

Anatolia is the most important centre of hazelnut in the world. The wild species that generate the
source of culture varieties have spread from Anatolia. Hazelnut production in Turkey is generally carried out
in the Black Sea Region. Turkey provides about 70 % of world production with hazelnut production of
550,000 tons / year according to the average of the last ten years. The fact that the shells of the nuts are
broken efficiently without harming the fruit is very important in terms of protecting the economic value of
these fruits. In this article, it has been tried to give the sequence of the hazelnut crushing mechanism which
has an important place in this economic value.

Uni ve

OZET

Anadolu. dinyada f éndéj én en ©°nemli gen mer kezi durumundad
yabani terloer Anadol u' dan yayeéel mexkteéer. Terkiye' de f e
ger-eklexktiril.meokt eodn ry eélTém koyteal amagsréentai mg ‘nri en g arky a K € |
(550. 000 ton/yel) sajlamaktadér. Fendék kabujunun i -
kér élbmasmteyvel erin ekonomik dejerinin kor un imaekonomik- é s é nd
dej eri saj |l amadda r ° ryeem i ol an féndék kérma mekanizasyo
-al ékél mékter .

INTRODUCTION

Hazelnut production in Turkey is generally carried out in the Black Sea Region. Turkey, while varying
according to years provides about 70% of world hazelnut production (550,000 tons/year) according to the
average of last ten years. Turkey is followed by Italy, Azerbaijan, USA, Georgia and Spain, respectively
(Table 1).

Table 1
World hazelnut production (shelled) [ton]

Countries 2009 2010 2011 2012 2013 2014* Rate (%)
Turkey 500,000 600,000 430,000 660,000 549,000 412,000 68
Italy 85,000 87,200 140,000 84,000 100,000 80,000 13
Azerbaijan 30,000 25,000 55,000 40,000 35,000 25,000 5
Georgia 27,000 40,000 30,000 28,000 40,000 35,000 4
USA 42,600 24,500 35,000 32,000 40,200 36,300 4.5
Spain 18,000 20,000 22,000 16,000 18,000 19,500 25
Others 20,000 27,000 27,000 25,000 25,000 25,000 3
Total 722,600 823,700 739,000 885,000 807,200 632,800 100

Hazelnut production is being fulfiled in 33 different provinces of Turkey. In 2014 year, 32 % of
hazelnut planting areas are in Ordu, 17% in Giresun, 13 % in Samsun, 10% in Sakarya, 9 % in Trabzon and
9% in Duzce (GTB Hazelnut Report.. 2015).

When the general situation of the nuts in the world is examined, it is observed that wild varieties of
hazelnut which is the most common breeding after almonds, are found in every region in the northern half
and temperate climatic zone. Cultivars are mostly grown in Turkey, Italy, USA, China, Azerbaijan, Georgia.
When the last 5 years' data are analysed, it is seen that the total hazelnut areas in the world have changed
between 800 - 905 thousand hectares (Table 2).
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Table 2
Hazelnut areas in the world [ha]

Countries 2009 2010 2011 2012 2013 2014* Rate (%)
Turkey 642,866 667,865 696,964 701,407 762,144 701,141 77
Italy 70,256 70,492 70,492 57,992 70,492 71,200 8
Azerbaijan 22,193 23,242 23,242 23,968 23,242 23,000 3
Georgia 12,000 15,500 15,500 12,400 15,500 18,000 2
USA 11,614 11,938 11,938 11,890 11,462 12,500 1
Spain 14,536 13,803 14,067 14,000 15,000 15,000 2
Others 33,000 34,900 35,100 57,186 40,000 63,350 7
Total 806,465 837,740 867,303 878,843 877,840 904,191 100

Approximately 80% of this amount is in Turkey, 8% in Italy, 3% in Azerbaijan and 2% in Georgia
(TMMOB. 2016).

In addition to data on production quantities and areas, other important aspect of hazelnut is that of
breaking of nuts such as hazelnut which are produced intensively in the world and especially in our country
and that are broken efficiently without damaging the fruit in order to protect the economical value of these
products. One of the main factors affecting the quality of hazelnuts is processing conditions (Ozdemir and
A k & n 2084), because, as a result of the shell crushing process the damaged fruits lose their value. This
situation is even more important in terms of products such as hazelnuts which have an important place in the
Turkish economy (Sarag I.. 2013).

The hazelnut harvest in Turkey is usually carried out by hand and the harvested hazelnuts are brought
to the factory immediately after they have been dried in large areas or immediately after sowing.

There were two specific objectives of this article. The first was to explain briefly hazelnut production of
Turkey. The second was to give the sequence of the hazelnut cracking mechanism which has an important
place in this economic value.

GENERAL PROPERTIES OF HAZELNUT CRUSHING PLANT

Firstly, in order to better define the hazelnut cracking and processing activities and to determine the
specific properties of the produced hazelnut varieties, studies were made on the standardization of hazelnuts
according to certain criteria ( B a k 1998). In this scope, descriptive hazelnut standards such as internal
hazelnut, foreign matter, bitter nuts, brittle and wrinkled rotten nuts in Turkey are defined according to TS
3074. TS 3075 (TSE. 2016). While hazelnuts are divided into groups according to hazelnut trade and shapes
(internal plump and pointed kernel and other), they are also divided into classes according to their
characteristics such as extra, class 1 and second class. According to the size of the nuts, it is observed they
are divided into dimensions. Especially in longitudinal, the difference between the largest and smallest
diameters cannot exceed 2 mm. Depending on the smallest diameter in the method of separating the lengths
for extra and class 1, any kind of sorting can be done by 2 mm difference ( B a k1993) (Figure 1).

Fig. 1 - Sorting hazelnuts with s_ié\}es

Determination of the differences between hazelnut varieties and physical properties such as hazelnut
size, shape, porosity, volume, density, limit speed and breaking force is necessary for the development of
hazelnut processing machines. The functionality of most machines depends on their fruit size and shape. For
example, sphericity is an important feature in that hazelnuts influence the easy of workability by the food
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industry. Due to this reason. varieties which are closer to fruit-shaped sphere than others can be grown.
Studies have shown that mechanical properties play an important role in many technological processes and
determination of fruit quality ( Akt ak et Narlerous &@k8 higve been dedicated to physical and
mechanical parameters regarding different varieties of nuts. Braga et al. studied the mechanical behavior of
macadamia nut under compression. Delprete and Sesana worked on mechanical characterization of
kernel and shell of hazelnuts to improve the discrimination between conform and non-conform
hazelnuts. Similarly, Giiner et al. studied the mechanical behavior of hazelnut under compression
loading.

HAZELNUT CRUSHING SYSTEM

In Turkey, hazelnut gardens have a structure that does not meet the standards due to variety and
many types. This situation causes problems such as having many kinds of hazelnut which are not suitable
for hazelnut standards and foreign market demands, which can easily be damaged on the market. Therefore,
tolerances related to the quality of hazelnut, especially in exports are exceeded and as a result prices can
fall. Crush breaking efficiency is not at the desired level during the crushing operations in many types of
plants which are not in compliance with the standards. It is clear that the lack of standardization in hazelnuts
will hamper the development of the mechanization level and reducing the cost of production in the future, as
well as the current situation (Demir and Beyhan.. 2000). It is observed that the most suitable crushing system
for hazelnut is the mill system of Turkish hazelnut.

Mill system

The fact that the system is cheaper and easier to establish than other systems increases the
prevalence in Turkey. Hazelnut crushing factories in Turkey are working with mill system ( Pénar an.d Beyh
1986). (Figure 2).

1. Shelled hazelnut storage 7. Silo 13. Wrinkled hazelnut storage
2. Elevator 8. Crusher (stone) 14.0blong sieve
3. Pneumatic separation 9. Dust sieve 15. Elevator
4. Classification sieve 10. Pneumatic separation 16. Pneumatic separation
5. Shelled hazelnut storage under sieve  11. Swinging sieve 17. Nut sieve (kernel sieve)
6. Elevator 12. Dam of shell 18.Nut storage (kernel storage)
19. Conveyor
Fig. 2 - Flow chart at hazelnut crushing plant
RESULTS

Calibration of hazelnut

Shelled hazelnuts are poured on the ground floor or in the basement of the factory. Here the
hazelnuts are delivered to the numbered sieves with the help of elevators. In the first stage, the
hazelnut is cleaned by passing through a dust trap. Cleared nuts pass through cylinders with a diameter
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of approximately 1.5 m. which are bedded on both sides with holes 10 mm to 15 mm in diameter
(Figure 3).

Fig. 37 General view of sieves

Then. shell nuts below 15 mm are brought to a second classification with the help of elevators.
Hazelnuts are passed through 10.11.12.13 and 14 mm hole classification sieves respectively starting
from the entrance part. At the bottom of each section there are small holdings where nuts passing
through the sieve can be collected. In this classification system used for shell nuts calibration, it is
important the functions of dimensioning such as the number of sieve revolutions, the size of the sieve,
the slope angle of sieve and the distance between the holes. (Bak . #H993).

Crushing of Hazelnuts

Hazelnuts collected in numbered warehouses are sent to mills with transmission channels. The mill
consists of two stones, the lower stone and the upper stone. The diameters of both stones are between 750-
850 mm on average. They have the same taper to work with each other (Figure 4). The system has a fixed
stone on top and a rotating stone on the bottom. The bottom stone rotates with an average of 120 rpm. The
shelled nuts are broken at the outermost part of the stone in a part about 60 mm wide. The conic section of
the inner zone that can reach this region, is greater. The taper width is very small. Crushed hazelnuts come
out with the effect of centrifugal force of stone together with inner and shells. Then, the broken nuts are
conveyed to the separate compartments as the inner and the shell in the closed channels with the ventilation
system.

Fig. 41 General view of the lower stone and the upper stone

Sizing of the inner nuts

The inner hazelnut calibration is the same as the method for calibrating the shelled hazelnuts. The
only difference here is that the sieve holes are in the diameter between the upper and lower diameters of the
inner nuts. The differences between the inside of the hazelnut, the cylindrical sieve and the regions on it are
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divided into diameter groups as well. Classification of hazelnuts has become an indispensable stage in
hazelnut trade.

Selection of inner hazelnut

Lastly, unbroken or cracked hazelnuts are re-sieved for the last time. The inner hazelnuts are moved
on bands rotating at a heavier speed, which are designed to be 450-550 mm wide and different lengths
according to the structure of the factory before packaging. At this time, wrinkled, broken, bruised.,rotten,
crusty and other foreign materials are selected by the workers standing on both sides of the band (Figure 5).
With the developing technology in recent years, this operation has been done with some sort of laser
separation machines in some enterprises (Figure 6), saving considerable amount of labour cost.

Fig. 57 Selecting foreign materials via hand and laser system

Especially in the integrated facilities. hazelnuts collected in the internal hazelnut storage are filled with
nuts which can vary between 40 and 80 kg and are made ready for transportation.

Fig. 6 1 Hazelnut storage

CONCLUSION

Although there are no major mechanization problems in hazelnut operations in Turkey, especially the
level of damaged rate is still not at the desired level.
Classification of hazelnut is much more important than crushing. Classification of the nuts according to their
diameter values will ensure that the crushing range. For this reason, in recent years new factories in Turkey
have been classifying different diameters with 0.5 mm sensitivity instead of 1 mm diameter for better
classification.

In addition, the start-up of the use of laser sorting machines resulted in a significant reduction in labor
costs. In addition, it is possible to do business on this site much faster and with fewer incentives.

109



INTERNATIONAL SYMPOSIUM [SB-IN/ -H' 2017

Also. It can be said that researches on hazelnut crushing facilities will be useful in order to reduce the
amount of damaged hazelnut.
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ABSTRACT

In the present paper is presented an interaction tire-soil model, taking into account of the
deformation of the tire section under load. The tire section is considered to be elliptical; under load the minor
axis decreases, while the major axis increases. The equations of the traction model were incorporated in a
computer program; the length, width and area of the contact patch, the traction force and traction efficiency
are calculated for each value of the wheel slip.

Field tests were performed in order to validate the model; the experimental data were collected
during plowing tests. In order to evaluate the precision of the model the predicted data were compared with
the test data by the means of a goodness-of-fit analysis.

REZUMAT

Lucrarea prezintkt wun modesbl, mpdelnncraur ei nstee r qicrSed umerat pde
s e cng pneului.Astfel, se considert ct pneul are “n secSiune formt
secSiunea sepdef owmefacarma el i ptictk (iaaxra amxiac tmasree ssceurd le
EcuaSiile pentru mo duegphea raefast introduse Jnitr-um pragranr de Faldulatoe, care
determint pentru fiecare valoare a patifmdadr$a deoSiiadIi
randamentul de trac$Siune.

S-au efectuat teste in camp pentru validarea modeluluidat el e fi i nd col ectatae | a e
efectuat o analizt a corel aSiei dat el or experimentale
dezvoltat.

INTRODUCTION

The tire-soil interaction models can be based on empirical, semi-empirical and analytical methods
(Tiwari et al.. 2010).

Empirical methods are mainly based on soil properties (cone index, plate sinkage, shear strength)
using similitude and dimensional analysis. At the end of the Second World War, this approach evolved as a
means of measuring trafficability of soil at the US Army Corps of Engineers Waterways Experiment Station
(Tiwari et al.. 2010). The empirical models were developed using traction data recorded from operating
vehicles; for some of them, cone index measured with a standard cone penetrometer was the only soil
property taken into account. Wismer and Luth (1972) developed a widely used model for bias tyres, based
on a soil-tyre numeric, which under-predicted the traction force when applied to radial tyres. The Brixius
(1987) equations, as a refinement of the Wismer and Luth equations expressed the gross traction ratio
(GTR) as a function of slip and wheel mobility number, using a curve fitting technique in order to evaluate the
coefficients for the traction equation (Lee et al..2016).

The semi-emipirical models represent a physical-based approach which considers the mechanics of
the wheel-soil interaction and is suitable for practical applications (Battiato and Diserens. 2017). In the semi-
empirical models, the shear deformation of soil is considered; the models are based on soil parameters
obtained by the means of a bevameter technique (penetration and shear tests), assuming that the vertical
deformation of soil is similar to the deformation under a sinking plate, while the shear deformation of soll
under a traction device is similar to the shear action of a torsion device (Tiwari et al.. 2010). The parameters
involved in the equations are determined experimentally. For agricultural soils, the Janoshi and Hanamoto
(1961) equation is one of the most frequently used.
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The analytical models are formulated using elasticity and plasticity approaches. Elasticity models are
based on the classical mechanical contact theory in order to predict deformations and stresses (using, for
example,t he Boussi ne s gfils plastiptp based mdédels take into account material (soil) failure
theories. Despite the rather sophisticated theoretical base of these models, there are authors (Upadhya et al.
1990; Xia. 2011) who concluded that analytical models never adequately describe the interaction between tyre
and soil due to the large number of soil parameters that should be taken into account and to their variability

The tire-soil interaction models are used in order to predict the wheel traction force and traction
efficiency. Besides these, they also take into account the shape and area of contact patch between tire and
soil, which is also used for the calculation of the surface pressure and is also considered by the models for
stress propagation in soil and for the prediction of the compaction risk (Diserens et al.. 2011).

In a previous paper (Ro kK ¢ a . 2014) a $emi-empirical model for predicting the traction force and
traction efficiency was presented; the model was applied on a 2WD agricultural tractor, assuming that the
shape of the tire-ground contact area is a super ellipse. The model assumed that the super ellipse equation
describes the shape of the tire-ground contact surface and was considered to be a reasonable compromise
between the more simple empirical models, for which the range of applicability is limited to the cases having
similar conditions to the ones from which the models were derived and the analytical models which require
in-situ evaluation of a large number of soil properties. Experimental results from plowing tests were used in
order to validate and verify the applicability of the model, using a goodness-of-fit analysis. For the case of the
traction force, the value of the Pearson r? correlation coefficient achieved values between 0.921 and 0.925.
thus confirming the validity of the model; for the case of traction efficiency lower values of the Pearson
coefficient were obtained due to the lower values predicted by the model at wheel slips bellow 15%.

One of the key elements of the above mentioned model was the tire change in volume due to
deflection under load which was calculated considering that the tire radius increases as the tire flattens in the
contact area; the tire width was considered constant.

In order to improve the theoretical results regarding the wheel traction efficiency in the present paper
the deformation of the tire section was also taken into account. The tire section was considered to be
elliptical; under the vertical load the minor axis decreased, while the major axis (tire width) increased.

MATERIAL AND METHOD
The tire-soil interaction model is based on the model developed earlier (Ro Kk ¢ a R.201d)tand itsa |
schematics is shown in fig. 1: under the vertical load (G), the wheel sinks into the soil reaching the depth (zc)
and the load induces tyre deflection (zp); as a result, the radius of the contact patch becomes rq(ra >ro) and
the length of the contact patch is:
lc=266nb=20.6na. (1)

Fig. 17 Schematics of the wheel-soil interaction model

The shape of the contact patch is assumed to be a super ellipse (Keller. 2005):
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2)
where k is the super ellipse exponent, the minor axis of the super ellipse is assumed to be equal to the tyre
width b (Keller. 2005) Ic is the major axis of the super ellipse (length of the contact area) and lw is the minor
axis of the super ellipse (width of the contact area).

The tire-soil pressure was defined using the pressure-sinkage relationship:

p=kQ". ()
where p is the normal pressure [kPa]. z is the deformation [m] and k [kPa/m"] and n are constants.

Based on the tire-soil pressure and assuming that the tire is perfectly elastic (Ghiulai and Vasiliu.
1975) finally leads to:

2b

G=pd(y)d, @os(b-, )@ =g, @V,- (4)

where j is the current angle, defining the position along the contact surface, p is the normal pressure. qp is
the tyre volume stiffness and OV, is the tyre change in volume due to deflection.

In the initial paper (Ro k ¢ a .Q014) thatlre.change in volume due to deflection OV, was evaluated
considering that the tire radius increases from roto rq as the tire flattens in the contact area, while the tire
width was considered constant (fig. 2).

Fig. 2 - Initial tire deformation model

DV, - tyre change in volume due to deflection;

b - tire width;

ro 1 radius of the undeflected tire;

rq 1 radius of the contact patch under vertical load.

Finally, after several transformations of equation (4), the following equation is obtained:

2b
L _ N s Y S 4 . o oo

k Opp(/ ) O Geos(b -/ )- cos b]" Gos(b - /) @ij +§cmcqpc173 G2 =§cro®4poa3002.(5)
0

In the present study the deformation of the tire cross-section is considered; the shape of the tire cross-
section is approximated by an ellipse (Koutny. 2007), as shown in fig. 3a. Under the effect of vertical load (G.
fig. 1), the cross-section is deformed, but the elliptical shape is preserved (fig. 3b): the minor semi-axis
decreases and becomes h-z,. while the major axis increases from b (tire width in the unloaded condition) to k.

»

a) b)
Fig. 317 Model for tire section deformation
a) tire section prameters; b) tire section deformation under load;
T rim diameter; h 1 tire section height; b-tire width (undeformed); I, i tire width (under load); z, - tire deflection under vertical load
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The major axis of the ellipse is calculated assuming that its perimeter remains constant:

zpq/(bIZ)z +(h/2) :ZPCX/(IWIZ)Z t[n-z,)2f ©

2 2

which results in:

l, ={b*+2 &, - 22 . (7)

The tire volume change DV, is calculated as the cross-section area multiplied by the length of the
contact patch, resulting in:

DV, =26, qod;-d;- 266, @d;_o—"h'zzp =05 daty, dh- b0, 0, dh-z,)]. ©

After several transformation 4quation (4) becomes:

229(j YO Qeos(b - j )- cos b]" Gos(b -/ )@j =
K O o ST T 9)
! =q, D5 da G, M- 66, D, Gh-z,)
The following equations are also obtained from fig. 1:
z,=ry-2,-1,@osa. (10)
z, =1, - cosa)- ry - cos b). (11)

where z; is tyre deflection under vertical load.
A computer program is used in order to solve the systems of equations (1). (5). (10). (11) and (1). (9).
(10). (11). respectively. The program displays the following values (fig. 4):
1 length of the contact patch, Ic;

width of the contact patch, lw;

area of the contact patch,

calculated value of tire deformation under load, zp;

tire sinkage, zp;

dynamic radius of the wheel, rq;

angle of the contact patch, b;

maximum shear stress, tmax;

normal pressure, p.
The values of slip, traction force and traction efficiency are saved in a file.

=A =4 =4 -4 4 -4 -4 -4

?7.8385
.79 2.554772E-82

REZULTATE
Lungime pata, lc: .5819961
Latime pata, lw: .3283252
Adincime patrundere, zc: .B26358
Inaltime proeminente: .025
Raza dinamica, rd: 1.780803
Deformare pneu, zp: .83 3.845717E-02
Rigiditate volumica pneu: 27008
Presiune proeminente: 3780.148
Presiune banda rulare: 7.833548
9.868985
1739624
tang. Eroeminente: 136.189
tang. banda rulare: 183.6587
tang. max.: 49.63505
Datele referitoare la forta de tractiune si randament au fost scrise in fisierul

Fig. 41 Output screen of the computer program
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In order to evaluate the maximum traction force it is assumed that it is limited only by the soil shear
strength; the Mohr-Coulomb equation is used to calculate the soil maximum shear stress:

where c is soil cohesion [kPa], p is the vertical pressure [KPa] and gis the internal friction angle.
Soil shear tension was calculated using the Janosi and Hanamoto (1961) equation:

a -
max % e
¢
where K is the soil shear deformation modulus and J is the shear displacement.

The maximum traction force was calculated as the product of shear stress and shear area; according
to ASAE S296, the net traction force is F =F, - R, . with the wheel rolling resistance R being calculated

with the relation (Elwaleed et al.. 2006):

(13)

=
|-O00On

o)
R, G(§L+O 04+05@O
(; n '\,

The wheel numeric Bn is (ASAE D497.7, 1999):

[kN]- (14)

%+5C)Zig
B _CICbQi@e (£(-j_ (15)
n G 2] p O
+3
L

where Cl is the soil cone index [kPa]. d = 2@ [m] and h is the tyre section height [m].
The same standard defines the traction efficiency as:
htr :(1_S)C61_ Rr/Ft) (16)
The model was applied to the driving wheel of an U-650 agricultural tractor; the main characteristics of
the wheel are presented in table 1.

Table 1
Main characteristics of the driving wheel

Item Value
Load on the driving tire. G [kN] 11.75
Type of tire 14.00-38
Rim diameter. di [m] 0.965
Section height. h [m] 0.307
Exterior diameter of tire. di + 2@ [m] 1.58
Tire width. b [m] 0.300
Tire inflation pressure [kPa] 100

The experimental data were collected during the field tests performed with the U650+P2V plowing
unit; during these tests drive wheel slip did not exceed 30% because of the restraints imposed by the
plowing process. Different traction forces and drive wheel slips were achieved by changing the operating
width and depth of the plough. The traction force for each experimental point was calculated as the average
value of nine measurements; the standard error and 95% confidence interval were then evaluated. The
experimental results taken into account for the goodness-of-fit analysis are shown in table 2.

Table 2
Experimental data for traction force
Wheel slip [%] Average traction force [kN] Standard error 95% data confidence interval
6 1.8033 0.095 0.2179
9 2.3744 0.116 0.2684
14 3.1033 0.082 0.1891
17 3.3067 0.121 0.2797
18 3.6855 0.116 0.2680
20 4.3122 0.175 0.4029
25 4.6777 0.087 0.2003
26 4.7567 0.114 0.2636
29 5.8800 0.141 0.3249
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The tests were performed on wheat stubble sandy loam soil after cereal harvesting; soil characteristics
in the test field are presented in table 3.
In order to evaluate the goodness-of-fit between model and experimental data the following criteria
were considered (Schunn and Wallach. 2005):
- percentage of points within 95% confidence interval of data (Pw95CI) i represents the
percentage of model predictions that lie within the 95% confidence interval of each
corresponding experimental data point;

Table 3
Characteristics of the test soil

Iltem Value

Soil deformation modulus. K [m] 0.05
55
Coefficients for the pressure-sinkage equation 13
Soil cohesion. ¢ [kPa] 25
Angle of internal friction. g[°] 32
Cone penetrometer index. C [kPa] 970

- mean absolute deviation (MAD) T represents the mean of the absolute value of the deviation
between each model point and the corresponding experimental point:

é\mi - di‘

MAD =12 . a7
n

where m;j is the model mean for point I, di is the experimental data mean for point | and n is the total number
of points being compared,;
- root mean squared deviation (RMSD):

é (mi - di)2
iz ; (18)
n

RMSD =

- mean scaled absolute deviation (MSAD):

i=1 nG,

(19)

Where: niis the number of values contributing to each experimental data mean di (ni = 9)6
si is the standard deviation for each data mean. A MSAD value of 1.5 means that, on average the
model is 1.5 standard errors off from the experimental data.
- Pearson correlation coefficient r2.

RESULTS
For the both tire section deformation models the calculations were performed using the same value
for the super ellipse coefficient (k=3.5). Table 4 presents some comparative results given by the tire i soil
computer simulation; the assumption that the tire cross-section has an elliptical shape and is deformed due
to the vertical load of the tire had the following consequences:
1  while the length of the contact patch decreased slightly (from 0.533 m to 0.531 m). the width of
the contact patch, lw. increased from 0.3 m to 0.319 m. resulting in a larger area of the contact
surface (0.154 m?);
1 the tire radius rq decreased from 1.4 m to 1.371 m; as the length of the contact patch did not
change significantly, the centre angle b increased from 10.916° to 11.199;
1 the maximum shear stress decreased from 53.3 kPa to 52.01 kPa due to the increase of the
contact surface area.
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Table 4

Initial tire deformation model Modified tire deformation model
Item .
(b const.) (b elipse)
Length of the contact patch. Ic [m] 0.533 0.531
Width of the contact patch. lw [m] 0.300 0.319
Tire deflection. zp [m] 0.02 0.02
Sinkage depth. zc [m[ 0.027 0.027
Area of the contact surface. At [m?] 0.145 0.154
Tire radius. rg [m] 1.400 1.371
Centre angle of the contact patch. b [9] 10.916 11.19
Maximum shear stress. t max [kPa] 53.3 52.01

Figures 5 and 6 present the predicted and experimental results concerning the traction force and
traction efficiency. The charts clearly show that the model predicted higher values of the traction force and
traction efficiency when the deformation of the tire cross section was considered, due to the increased value

of the contact surface area.

7

0.8 7

6
—b const.
—nb elipse

X Experiment

Traction force [kN]
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Fig. 57 Results concerning the traction force

Fig. 61 Results concerning the traction efficiency

The results of the goodness-of-fit analysis are shown in table 5. Compared to the previous model. the
most significant differences were recorded for the traction efficiency: the Pearson correlation coefficient r2
increased from 0.186 to 0.216, the mean absolute deviation (MAD) decreased form 0.058 to 0.051. root
mean squared deviation (RMSD) decreased form 0.0752 to 0.0686 and the mean scaled absolute deviation
(MSAD) decreased from 5.225 to 4.557.

When referring to the values of the traction force, all the goodness-of-fit parameters recorded better
values for the modified traction model, excepting the percentage of points within 95% confidence interval of
data (Pw95CI). which has slightly decreased (from 66.7% to 55.6 %).

Goodness-of-fit comparative analysis

Table 5

Traction force Traction efficiency
Item Constant cross- Deformable cross- Constant cross- Deformable cross-
section section section section
r2 0.923 0.924 0.186 0.216
PW95CI 66.7 55.6 55.6 55.6
MAD 0.354 0.356 0.058 0.051
RMSD 0.480 0.438 0.0762 0.0686
MSAD 3.122 3.065 5.225 4577

CONCLUSIONS

A modified semi-empirical model for the prediction of traction performance of a tractor driving wheel is
presented in this study. The model assumed that the super ellipse equation describes the shape of the tire-
ground contact surface.
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The model is a reasonable compromise between the more simple empirical models for which the
range of applicability is limited to the cases having similar conditions to the ones from which the models were
derived and the analytical models which require in-situ evaluation of a large number of soil properties.

Experimental results from plowing tests were used in order to validate and verify the applicability of the
model by the means of a goodness-of-fit analysis. The analysis showed that the modified traction model
provided more accurate results regarding the traction force and traction efficiency then the initial one.
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ABSTRACT

Romania is a country with a great potential in the field of biomass energy. At the level of 2016, an area
of 229973 km? was used for agricultural and forestry purpose of which the forest area was 4.7%. The lands
covered by the forest are widely exploited and the waste resulting from the processing of cut wood is often
left to degrade producing water pollution.
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INTRODUCTION

In the year 2000, t he esti mated contribution of the bilpmass

was of 1900 PJ. This contribution was of approximately two thirds of the entire energy production achieved
by renewable resources in the European Union.

For bioenergy, the following tendencies have been observed:

- Heat: In the year 1990, the production of thermal energy from biomass was of approximately 1500 PJ;

- Electricity: the production of electric energy from biomass was of 54 PJ in the year 1990 and
increased to 166 PJ in 1999 ( an increase of 9% per year);

- Fuel: the present contribution of biofuels is of approximately 25 PJ, almost negligible in the overall
production of bio-energy.

Despite the modest role of bio-fuel in terms of energy, the production and use of biomass increased
rapidly in the last 10 years. The production of bio-diesel increased from 80 Ktons in 1993 to 780 Ktones in
2001. The production of ethanol in the European Union increased from 48 to 216 ktones in the same period.
France, Spain and Sweden are the three main players on the European energy market (Berkesy. 2011).

Up to the present, six member states of the European Union wish to enforce tax programs to support
the use of bio-fuel (Austria, Belgium, Germany, Spain, Italy and Sweden). In these charts biofuels are
exempt from taxes, as compared to fossil fuels used for transportation.

Renewable energy resources represent one of the replacement variants for fossil fuels in Romania
and worldwide with high development perspectives in the future.

In Romania, it is estimated an energy consumption of 34.9 Mtoe (million tones oil equivalent) until
2020. Biomass covers more than 60% of the entire renewable energy sources, respectively 190-200 PJ/year.
(Gherghicescu,1997).

Presently, a great part of the energy necessary for humankind is produced from fossil fuels. Fuel can
be found under three forms, respectively fossil fuel, nuclear fuel and renewable fuel.

Researchers from all countries applied a multitude of projects in order to reduce carbon dioxide
emissions (Astburg. 2000) .

In approximately 50 years, according to European Union statistics, all fossil fuels in the world will be
exhausted. It is predicted that the entire world will suffer from a huge energy deficit which must be covered
by production of alternative energy (Eisentraut. 2012).

The biggest risk of fossil fuel use is represented by the toxic emission discharged in the atmosphere.

The production and consumption of fuel materials ensured the quality of living necessary for
humankind. The biomass reserves differ throughout the territory of the European Union, as well as
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worldwide. The forest spreading area varies from 27. 6 million hectare in Sweden to 117 hectares in Cyprus.
Worldwide, the forest fund occupies approximately 4 billion hectares, the biggest quantity being distributed
on the territory of the Russian Federation- 809 million hectares, Brazil 478 million hectares, Canada 310
million hectares, U.S.A. 303 million hectares, China 197 million hectares.

Biomass is a renewable energy source by its renewal year after year; it is widely spread worldwide
and possesses great costs as compared to fossil fuel.

Biomass resources of which fuel material is produced. It may include wood, wood waste, agricultural
cereals and waste resulted from their production, municipal waste, animal dejections (Beldean. 2004).

Biomass under vegetal form is a complex compound and differs from a species to another. It contains
all form of vegetal matter, growing on the surface of the earth, in the water or above the water, as well as
substances produced by biological development (Lunguleasa 2007.2008).

Research performed in the field of energy proves that electrical energy and heat can be produced from
biomass by conversion processes. In 2009, biomass ensured approximately 10% (50 EJ) (1EJ=1018 J) of the
entire primary energy produced worldwide.

Biomass takes part in the carbon cycle in nature by use of carbon dioxide. Carbon dioxide participates
to the photosynthesis processes during the growth, but it is the component determining a more complete
burning during wood combustion (Aghamohammadi. 2011).

Presently, biomass contributes by approximately 12% to the production of primary energy in worldwide
and in the developing countries this occupies 40-50% of the necessary energy.

Romania holds a surface of 6300 thousand hectares representing 27% of the existing territory.

Biomass resources presently represent the raw material resulted from wood processing, agricultural,
municipal waste and animal dejections (Cleveland. 2009).

Biomass differs from the other renewable sources by the fact that it represents a rich raw material
which can be transformed by various conversion processes in liquid, gaseous and solid fuel. Biomass is
divided in 4 categories described in the Regulation SR EN 14961-1:

- Forestry production: wood, waste resulted from wood cutting, sawdust, shrubs;

- Waste resulted from agricultural production, cereal waste.

- Energetic cereals: crops from short term processing, starch crops (corn, wheat, barley), sugar
crops (sugarcane, sugar beet), fodder crops (grass, alfalfa), oleaginous crops (sunflower, soy, safflower)

MATERIAL AND METHOD

The determination of the calorific value for wood is similar to that of coal (as solid fuel) and with little
differences as compared to liquid fuel (benzene) or gaseous one (natural gas, biogas).

The equipment used for the determination of the calorific value of the wood biomass was the
calorimeter with explosive burning type XRY-1C. manufactured by Shanghai Changji Geological Instrument
Co. din China (Figl).

Before performing the proper said attempt, the calorimetric bomb is calibrated with benzoic acid with a
known calorific value (usually 26 463 kJ/kg (1kJ/kg=1J/g) with slight differences of maximum +3% as
compared to this value) in order to assess the k calorific coefficient of the calorific equipment.

PCS =k - gm0 )
: ( - ] qs — A [k/kg]; "

where:

ki calorific coefficient determined by calibration with benzoic acid, expressed in kJ/grad;

tr 1 final temperature, in degrees;

ti 1 initial temperature, in degrees;

mii wood mass, in kg.

gs I heat consumed for the burning of the nickeline wire in kJ;

gb 7 heat obtained by burning of the cotton thread, in kJ.

The assessment procedure of the calorific value of the wood mass refers first to all to the preparation
of the raw material and the equipment, then to the proper said assessment and finally to the obtainment of
the final result. The preparation of the wood mass for testing consists of sampling a small part of a
approximately 0.6 i 0.8 grams of the entire material weighted with a precision of 0.0002 g. The sample must
be clean originating from freshly cut wood because old wood does not have all volatile and flammable
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substances, fact that might influence its calorific value. This sample is placed in a porcelain crucible and
placed in a laboratory autoclave to allow drying at a temperature of 10312 °C.

The obtainment of the anhydric state of the wooden mass is checked by successive weighting until the
difference between the two successive weightings becomes smaller than the double of weighting precision or
covers for a piece of such size of at least 2 hours of keeping the piece in the autoclave.

After drying, the samples are kept in exsiccator to cool down and maintain the humidity content until its
placement into the calorimetric bomb.

, _L____ A
1 Z //L
1\g — 14
——_| 0
3 o 15
i R N

Fig. 1 - Equipment for the assessment of the calorific value of the wood biomass with calorimetric bomb with
own soft

In industrial practice there are manufacturing by remains from all wood species that can be processed.
Therefore, in the research process the indigenous broadleaf category was used: acer pseudoplatanus and
salix alba.

The inferior calorific value of wood is determined on basis of higher calorific value: by means of the
ratio:

PCI=PCS-6-(U+9-h)[kJ/kg] 2)

where:

PCs- superior calorific value (kJ/Kg);

U- dampness of the wood sample (Kg/Kg);

h- hydrogen content of the wood sample (3.6%).

The preparation of the equipment for the trial refers to the checking of the water quantity from the

calorimeter or hod Cu (so as not to exceed by 1-2 mm the lid of the calorimetric bomb). the water Ap agitator
A from the hod, the computer software C. the exterior thermometer of the calorimeter T and the gas
pressure in the oxygen tank Bo. The test sample 1 is connected to the cotton thread 2 and placed in the
calorimeter crucible. 3. The nickeline spiral thread is tied 4. to the cotton thread after which the protection lid
is properly placed. 5. The cruci bl e is connect ed®6. byomednd d twe edeLtrodes me t r |
7. and 8. which continue with the connective electric wires of the calorimetric bomb 9. and 10. By screwing in
the lid of the calorimetric bomb, the bomb is connected 11. by screw 12. to the oxygen tank, entering 30
atmospheres. The bomb is placed in the equipment calorimeter Cu., it is connected by means of the two
electric wires. The cal ori meter 6s Il i d 1 sT is placedeinsideatan deteriniheethet h e r mc
temperature (Fig.1).

Next, the computer software is accessed filling in the type of test (assessment or calibration), sample
name, sample mass of the nickeline and cotton thread, as well as further necessary information. After this,
the operation for the assessment of the calorific val
button from the computer program displayed on the computer display (Fig.2). This is the start moment of the
calorific value assessment.
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The final result of wood biomass burning is expressed by calorific value, notion by which is understood
the quantity of heat obtained by burning of the mass unit. For combustible materials with high hydrogen and
water content such as the wood biomass, two calorific values can be distinguished, namely the superior
calorific (PCS) and inferior calorific value (PCI). PCS is determined directly by means of the calorimetric
bomb where the water vapors are formed by burning of the hydrogen contained in the wood, as well as the
ones formed by decomposition of the water are condensed in the bomb. discharging approximately 2 510.4
kJ (600 kcal) for every kilo of condensed water vapors (the so-called condensation heat). PCS cannot be
used, practically due to the fact that the water vapors are discharged outside by a funnel and only the PCI
can be used effectively.

RESULTS
The test contains three distinct stages (Fig.2), namely:

- the fore period ("fore"). its purpose being the determination of the temperature variations in the
calorimetric pot due to heat exchange with the exterior before the burning. During this period, usually lasting
5 minutes, the temperature is displayed and read every minute using the precision thermocouple meter. The
last temperature from the fore period represents in fact the first temperature from the main period. The
values of the recorded temperature in this period are usually seven. After recording the sixth value, the
burning of the material takes place (Fig. 2) and it is displayedon t he menu bar (O0Burning t

- The main period ("main”) starts by ignition of the sample having as consequence the temperature
rise in the calorimetric pot due to burning of the wood particle and heat discharge. In order to determine the
final temperature, the temperature values are displayed every minute. The final temperature is given by the
maximum value of the temperature, because after its decrease, the calorimetric pot is not receiving heat from
the bomb. The values recorded during this period vary depending on the burning time of the combustible
material in the calorimetric bomb. The number of values may vary in the range of 19-42 temperature values
recorded during this period.

- The after period ("after”) has the purpose of determining the average temperature variation in the
calorimetric pot due to heat exchange with the exterior after the burning. Just like in the fore period, the
temperature is displayed every half minute for a period of 4-5 minutes, being recorded an average of 8-10
temperature variation values.

i
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Fig.2 - Description of the process for determining the calorific value

122



INTERNATIONAL SYMPOSIUM 1SB-INY FH' 2017

For acer pseudoplatanus for 0% humidity was obtained the superior calorific value 18802 kJ/kg. and
inferior calorific value 18336 kJ/kg; for 10% humidity was obtained the superior calorific value 16805 kJ/kg
and inferior calorific value 16618 kJ/kg; for 20% humidity was obtained the superior calorific value15041
kJ/kg and inferior calorific value 14668 kJ/kg; for 50% humidity was obtained the superior calorific value 9749
kJ/kg and inferior calorific value 9166 kJ/kg.

In fig. 3, is presented the variation calorific value function moisture content for Acer pseudoplatanus.

—=t=mP(S kIkg === PCIkI/kg

20000

PCS =PCS; - 176,4*MC
PCI =PCl,-195,1*MC

1
15000

Calorific value, kJ/kg

10000

5000

0 20 40 60 80 100 120
Humidity,%
Fig. 3 - The graphic calorific value for Acer pseudoplatanus

For salix alba for 0% humidity was obtained the superior calorific value 20830 kJ/kg. and inferior
calorific value 20224 kJ/kg; for 10% humidity was obtained the superior calorific value 17846 kJ/kg and
inferior calorific value 17259 kJ/kg; for 20% humidity was obtained the superior calorific value14862 kJ/kg
and inferior calorific value 14294 kJ/kg; for 50% humidity was obtained the superior calorific value 6364 kJ/kg
and inferior calorific value 4944 kJ/kg.

In fig. 4 is presented the variation of calorific value function moisture content for Salix alba.

et PCS kI/kg == PCT, kTkg

25000

20327 PCS =PCS0 - 268,1*MC
20000 PCI = PCI0 -326,8*MC

17050

15000

10000

6364
5000
0 T T T %

0 20 40 60 0 80
Humidity,%

Calorific valiue,kJ/kg

Fig. 4 - The graphic of calorific value for Salix alba
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CONCLUSIONS

- The wood biomass burning is a non-ecological process, but indispensable to human activity due to

the thermal energy it produces;

- Wood biomass is twice renewable, first by being part of the vegetal world obtained by

photosynthesis and secondly by trees recycling the carbon in the nature;

- For acer pseudoplatanus for 0% humidity the superior calorific value is 18802 kJ/kg and for 50%

humidity the superior calorific value is 9749 kJ/kg; for salix alba for 0% humidity the superior calorific value is
20224 kJ/kg; for 50% humidity the superior calorific value is 6364 kJ/kg;

- The research shows that as the humidity of the wood is lower the superior calorific value is higher.
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ABSTRACT

The experiment was conducted in one of the greenhouses of the Agricultural Research Station,
College of Agriculture, University of Basrah during the growing season of 2015-2016 in order to improve the
storage behavior of Newton tomato fruits hybrid . Water extract of licorice at three concentrations (zero. 2. 4
g L) was prepared and the plants were sprayed in the early morning three times starting from 5/11/2015
with a time interval of two weeks from the date of planting for the first spray and the operation was repeated
after 10 days. Fruits were harvested at mature green stage in the early morning and brought to the laboratory
of storage technology, then cleaned and soaked in water extract of garlic with concentration of 4%. Calcium,
chloride solution with concentration of 4% in addition to control treatment for a period of 10 minutes. A
portion of harvested fruits that was sprayed with the water extract of licorice at the concentrations of (zero. 2.
4 g .L'1) was left without soaking. All the fruits were packed in perforated polyethylene bags (16 holes with a
diameter of 5 mm per bag and weighed 2 kg per bag). Then the samples were stored at the temperature of
13°C for four weeks. Results indicated that the decay percentage, the percentage of weight loss and the
percentage of total soluble solids increased while the amount of vitamin C decreased with an increment of
storage periods. The lowest percentages of the decay and weight loss and the highest percentage of total
soluble solids were in fruits treated with licorice extract as compared with untreated fruits. Fruits treated with
4% garlic extract recorded the lowest percentage of decay and lowest percentage weight loss, while fruits
soaked in 4% calcium chloride solution gave the highest percentage of total soluble solids.

ABSTRACT

bt Y0 4280158 XxIOF ahmB bb> WpHLIOF wliesrtT WKFpCKF wtdAbB? wrt KI
€Ep 4bMIOE 2 agd¥kb) CTDBbFpbh wXuX? EmMBIOR bg KO aa @ KBs KA F B A0F H o R
4t BY b Bl PIOF 49T JIOF ¢ Ta 16D BOF 2U)HESED Go speKGisp BPRF WEpB 36X p-
cT FnBTANbM FAaYTAxXxb ab a¥X ATCEC3hHhOF FTTMIOMXDBG p A b £p OF OB
PFBXIOF oXQOYb sl Wpah HIOF Cusprh/l Ba M KEROF UBTIBFYCHfbP W AdM b R BDC 6 C f
ATAXTF cllOM2IOF EF T1lpYh HRAT2 pap@yY¥8PF CY CGbF K b.KdF A MEm BaQFp ®( N0 ¢ CF

ntow 6 CF bxIOF aélgsrt_up\ﬁ p.ch wIrphY b wUK 3 i HBIBY HEF O BHBHC KO H porf LBaXHupaH Mosb +
%F bm F.pbhTCWpWHR C4d N Y9Y Y3 xF 6 poTBFbHbTT wreBb gAY agT1Tc c¢cT 9

. WABFNBIOF pTO pfFBXIOF?D wWiCPKF YT FEBTROFRW FCpFKM KOFA subIFBHSIOF  upsFenv /1R
btpmdadB Wwvmygdmsr NTEIOFF prBXIHOF Y9AKY FFBXT?D _ ACHIOEBE pAY DO P
. WT ABOF WICFMIOF w34l
INTRODUCTION
Tomato (Lycopersicon esculentum Mill.)0 b el o n g s Solarmacede amdiis| cgnsidered as one of
the favorite vegetable crops in Irag and other countries due to the highest nutritive value of fruits such as
vitamins (as each 100 g containing 900 IU of vitamin A, 0.06 mg vitamin B 1, 0.04 mg vitamin B2, 0 0.7 mg
vitamin B3 and 10-26 mg of vitamin C) also contains lycopene pigment, protein, carbohydrates, calcium.
phosphorus. potassium and iron in addition to 22 calories (Watt & Merrill 1963).
The fact that tomato fruits are consumed throughout the year, it became necessary to think of ways to be
supplied in the market such as growing in the protected environment, storing the fruits at a storage
temperature of 13 °C (Dagawi. 1996).
The new orientation in agriculture is to move away from the use of chemical fertilizers, chemical growth
regulators and pesticides of different kinds and composition, because of their toxic effects on human and
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animal organisms . Therefore, researchers in agriculture have tended to find safer materials such as plant
and herb extracts (Taain. 2014).

The water extract of licorice (Glycyrrhiza glabra L.) used in the present work is composed of the roots
and dried rhizomes of the plant and is similar to that of the gibberellin in stimulating the flowering as a result
of containing the mevalonic acid compound ; also improves the vegetative growth as a result of stimulating
the enzymes needed to convert the complex compounds into simple compounds and to use them in
processing the energy necessary for the plant growth (Almarsumi 1999) . Garlic extract (Allium sativum L.)
contains a high percentage of amino acids containing sulfur such as cystein and methionin. Alliin is
responsible for the release of active compounds in garlic. Alliin is converted to Allicin by the enzyme
Alliinase, then transformed into other compounds such as Diallyl disulphide (Krest & Keusgen 1999), while
calcium used to increase membrane stability and cell wall strength.Thus, the main benefits of calcium in the
postharvest physiology of fruits are the organization of fruit ripening process by reducing the respiration rate
and ethylene production and increase of the shelf life of fruits; in addition, controlling the physiological
diorders during storage is also a great benefit.(Taain. 2005; 2011,2014).

In a study conducted by Taain et al. (2007) on the storage of tomato fruits cv. Super Maramond packed with
polyethylene bags for 21 days at 5°C, the results showed that decay percentage increased with the
continuation of the storage periods. The fruits also showed a gradual increment in total soluble solids with
decreasing in weight loss, vitamin C and the content of organic acids.

The present study was conducted to improve storability of tomato fruits cv. Newton by pre-treating them with
the water extract of licorice, in addition to the post-harvest treatment of the garlic water extract and calcium
chloride.

MATERIAL AND METHOD

The experiment was conducted during the 2015-2016 season in one of the greenhouses of the
Agricultural Research Station / Faculty of Agriculture / Basrah University / Karma Ali site. in order to study
the effect of pre-harvest spraying water extract of licorice with three concentrations (0. 2. 4) g .L1. and
postharvest soaking in the garlic water extract at the concentration of 4% and the solution of calcium
chloride at the concentration of 4% in storage ability of tomato hybrid Lycopersicon esculentum Mill.
(Newton) grown in plastic greenhouses.

The seedlings were planted in the plastic house on 20/10/2015 and all the processes using in the
production of this crop were conducted. Water extract of licorice at three concentrations (0. 2. 4 g L) was
prepared and the plants were sprayed in the early morning three times starting from 5/11 /2015. with a time
interval of two weeks from the date of planting for the first spray and the operation returned after 10 days.

Fruits were harvested at mature green stage in the early morning and brought to the laboratory of
storage technology. then cleaned and soaked in the following solutions for a period of ten minutes and left to
dry at room temperature:

1. Water extract of garlic with concentration of 4%;

2. Calcium chloride solution with concentration of 4%;

3. Distilled water only (control);

4. A portion of harvested fruits was sprayed with the water extract of licorice at the concentrations of 0.
2. 4 g L that was left without soaking.

All the fruits were packed in perforated polyethylene bags (16 holes with a diameter of 5 mm per bag
and weighed 2 kg per bag) and then stored at the temperature of (13°C) for four weeks.

The decay and weight loss were calculated as percentages. Vitamin C (mg / 100 g) is determined
according to A.O.A.C. (1992). Total soluble solids are determined by using hand refractometer and the
results were corrected to 20 °C

Experiment was carried out as factorial experiment consisting of three factors: spraying with the
water extract of licorice, post-harvest treatment and storage period using Complete Rondomize Design
(CRD) with 3 replicates. The results were statistically analyzed using the statistical program Genstat.

The mean differences were compared by using the least significant difference (L.S.D) test at the
probability level of 0.05(Al-Rawi & Khalf Allah 1980).

RESULTS
Vitamin C (mg 100 g%). The results of the Table 1 showed the effect of spraying treatments of
Licorice extract and postharvest treatments with garlic extract and calcium chloride and their interaction in
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the amount of vitamin C for tomato fruits stored at 13°C. The results indicate that the amount of vitamin C
decreased with the continuation of storage period reached to 1 6 . @@®100 g-! after four weeks of storage.
As for the effect of spraying treatments with Licorice extract, the highest value of vitamin C was in fruits
sprayed with 4g L-! Licorice extract, which amounted to 1 9 . rBdb100 g-! with no significant difference with 2
g L Licorice extract and significant for control. As for the postharvest treatment, the highest value of vitamin
C (2 0 . ny&00 g-1) was in fruits soaked in 4% garlic extract with no significant differences with 4% calcium
chloride and a significant one from the comparison treatment (soaking in distilled water only) that gave the
lowest value of vitamin C amounted to (1 5 . ndg800 g-1).

In regard to Binary interactions, there were significant differences between factorial treatments; the
highest value of vitamin C was in the fruits sprayed with 4 g. L-* Licorice extract and soaked in 4% calcium
chloride solution (2 2 . nig300 g-*) with no significant differences with fruits sprayed with 4 g L-* and soaked
in 4% garlic extract and fruits sprayed with 2 g L-! and soaked in 4% garlic extract. The lowest amount of
vitamin C was in fruits sprayed with 4 g L-! Licorice extract and soaked in distilled water only, which reached
tol 4 .nfgl00 g-1. The table 2 also showed the significance of the interaction between the spray treatments
with the Licorice extract and the storage period. The highest vitamin C value was in the fruits of the 0 g L-?
Licorice extract spray after a week of storage which was 2 0 . ngg300 g-* with no significant differences with
fruits sprayed with 2 g L-! and 4 g L- Licorice extract after one and two weeks of storage, with significant
difference with the rest of the treatments. The lowest value of vitamin C was in fruits of 4 g L-* Licorice
extract spray after four weeks of storage, whichwas 1 6 . hg2100 g-.

The highest value of vitamin C was in the fruits of 4% garlic extract soaking after a week of storage,
which was 2 2 . mig700 g-* with no significant differences with 4% calcium chloride after a week of storage
and 4% garlic extract after 2 weeks of storage. The lowest value of vitamin C was in comparison treatment
(soaking in distilled water only) after four weeks of storage, which amounted to 1 4 . nig3.00 g-1.

In regard to triple interaction, the highest value of vitamin C was in fruits sprayed with 4 g L-! Licorice
extract and soaked in 4% calcium chloride after a week of storage, which amounted to 2 3 . @@ 100 g-*
with no significant differences with fruits sprayed with 4 g L-! Licorice extract and soaked in 4% garlic extract
after a week of storage and the treatment of 2 g L-* Licorice extract , 4% garlic extract soaking afterone and
two weeks of storage and the treatment of O g L-* Licorice extract spray ,4% garlic extract soaking after one
and two weeks of storage and with fruits sprayed with 4 g L-! Licorice extract and soaked in 4% calcium
chloride or, in 4% garlic extract after three and four weeks of storage.

The reason for decreasing the vitamin C with the continuation of storage period may be due to the
continuation of vital processes and increased the activity of ascorbase and oxidase with the continuation of
storage period and exposure to light which caused the oxidation of vitamin C to dehydroascorbic acid. This is
in agreement with Taain (2011) for jujube fruits cv. Tufahi.

Table 1
Effect of spraying with licorice extract, postharvest treatments and storage period on vit. C (mg 100 g?) of
tomato fruits stored at 13°C

licorice Postharvest Storage period (week) licorice
extract g L-* treatments(%) extract T
1 2 3 4 postharvest
treatments

0 control 17.88 17.88 17.18 15.84 17.19

O

garlic extract 20.70 19.69 18.94 17.72 19.26

4

calcium 18.99 18.93 18.54 17.30 18.44

chloride

4
2 control 16.33 15.82 15.17 13.66 15.24

o]

garlic extract 22.44 20.81 19.81 18.84 20.47

4
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calcium 18.49 17.91 16.93 15.86 17.29
chloride
4

4 control 15.15 14.52 13.69 12.96 14.01
(0]
garlic extract 23.37 22.10 22.10 20.43 22.00
4
calcium 23.98 22.52 21.31 20.32 22.03
chloride
4

Means of
licorice
extract

licorice T|o 20.83 19.62 19.04 17.90 18.29

storage 2 19.19 18.83 18.22 16.95 17.66

period 4 19.08 18.18 17.30 16.12 19.35

Means of
postharvest
treatments

Postharvest Control 0 16.45 15.98 15.35 14.15 15.48

treatments]

storage garlic extract 22.17 20.87 20.28 19.00 20.58

period 4
calcium 20.49 19.79 18.93 17.83 19.26
chloride
4

Means of storage period 19.70 18.88 18.19 16.99

RLSD 0.05
licorice | Postharvest Storage | licoricel licoricel Postharvest licoricel
extract | Treatments period | postharvest storage treatmentsl postharvest
treatments period storage treatmentsl

1.570 1.570 1.812 3.139 2.719 period storage

3.139 period
5.437

Percentage of total soluble solids (T.S.S). Results presented in Table 2 showed the effect of spray
treatment with Licorice extract, garlic extract, calcium chloride and storage period on total soluble solids of
tomato fruits stored at 13°C. Data showed that the percentage of total soluble solids increased up to 9 .9%®
after four weeks of storage. The increment in the percentage of total soluble solids may be due to the
reduction of moisture content of fruits with the continuation of storage period, as the storage period
progresses, the lower moisture content of the fruit increases the concentration of the cell juice of the fruit and
thus increases the percentage of soluble solids (Buroton .1982).

The highest percentage of TSS was in fruits sprayed with 4 g L-t Licorice extract which was%8 . ®@ith
no significant differences with the treatment of 2 g L-* Licorice extract. In regard to postharvest treatment, the
highest percentage of TSS was in fruits soaked in 4% garlic extract %9 . V@ith no significant differences with
the treatment of 4% calcium chloride solution.

In regard to Binary interactions, there were significant differences between factorial treatments, the
highest percentage of TSS being in the fruits sprayed with 4 g. L-* Licorice extract and soaked in 4% garlic
extract (1 0 %Bwith significant differences from the rest treatments, while the lowest percentage of TSS was
in the fruits sprayed with 0 g. L-! Licorice extract and soaked in distilled water only. The highest percentage
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of TSS was recorded in fruits of 2 g L-! Licorice extract spray after four weeks of storage 1 0 % &ith no
significant differences from 4 g. L-t after four weeks. The highest percentage of total soluble solids was in the
fruits of the treatment with calcium chloride solution 4%, which reached 1 0 % after four weeks of storage
with no significant differences with 4% garlic extract soaking after three and four weeks of storage.

In regard to triple interaction, the highest percentage of TSS was in fruits sprayed with 4 g L-! Licorice
extract and soaked in 4% calcium chloride after four weeks of storage, which amounted to 1 1 % @vith no
significant differences with fruits sprayed with 4 g L-* Licorice extract and soaked in 4% garlic extract after
four weeks of storage and with fruits sprayed with 2 g. L-* Licorice extract and soaked in 4% calcium chloride
or 4% garlic extract after four weeks of storage.

Table 2
Effect of spraying with licorice extract . postharvest treatments and storage period on TSS (%) of tomato fruits
storedat 13°C

licorice Postharvest Storage period (week) licorice
extract g L- | treatments(%) extract I
L postharvest
1 2 3 4 treatments
0 control 4.9 5. 4 7.3 8.2 6. 4
0]
garlic extract 6.3 7.6 8.7 9.0 7.9
4
calcium 6.7 7.6 8.7 9.1 8.0
chloride
4
2 control 5.9 7.3 7.4 9.3 7.4
o
garlic extract 8.3 9.8 9.7 11.1 9.7
4
calcium 8.0 9. 4 10. 2 11. 4 9.7
chloride
4
4 control 5.6 7. 2 8.0 8.1 7.2
0]
garlic extract 8.8 10. 0 11.0 11.5 10. 3
4
calcium 7.3 8.5 9.0 11.6 9.1
chloride
4
Means of
licorice
extract
licoricel 0 5.9 6.9 8.2 8.8 7.4
storage 2 7.4 8.8 9.1 10. 6 8.9
period 4 7.2 8.5 9.3 10. 4 8.8
Means of
postharvest
treatments
Postharvest | Control 0 5.4 6.6 7.6 8.5 7.0
treatmentsl
storage garlic extract 7.8 9.1 9. 8 10.5 9. 3
period 4
calcium 7.3 8.5 9. 3 10.7 9.0
chloride
4
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Means of storage period |6. 8 [8. 0 [8. 8 [9. 9 |
RLSD 0.05
licorice | Postharvest Storage | licoricel licoricel Postharvest licoricel
extract | Treatments period | postharvest | storage treatmentsl | postharvest
treatments period storage treatmentsl
0.1925|0.1925 0.22230.3334|0. 385 period storage
0. 3850 | period
0. 6668

Decay percentage. The results presented in Table 3 showed the effect of spraying licorice extract
treating with garlic extract and calcium chloride and the duration of storage in the decay percentage of
tomato fruits cv. Newton stored at 13°C. The results indicated that the decay percentage increased with an
increment of storage periods till reached (1 5 . %) 4fter four weeks of storage. As for the effect of spray
treatments with Licorice extract, results showed that the lowest percentage of the decay (7 . %)was in fruits
treated with Licorice extract of 4 g L1 with no significant difference with 2 g L! Licorice extract. The effect of
post-harvest treatments on the percentage of decay was significant with the fruits treated with 4% garlic
extract in recording the lowest percentage of decay which was 6 . 6% while the control fruits gave the
highest percentage of decay (2 2 . 98).6-ruits soaked in 4% calcium chloride solution significantly differed on
the control treatment.

The results also showed a significant interaction between spraying with Licorice extract and post-
harvest treatments. The lowest percentage of decay was in the fruits sprayed with 4 g L-! Licorice extract
and soaked in 4% garlic extract, which was 4 . % 3vith no significant difference with the fruits sprayed with 4
g L-! Licorice extract and soaked in 4% calcium chloride and with fruits sprayed with 2 g L-! Licorice extract
and soaked in 4% garlic extract or 4% calcium chloride and significant with the rest of the factorial
treatments.

The table 1 also showed the significant interaction between the spraying with Licorice extract and the
storage period. The lowest percentage of decay was in the fruits sprayed with 4 g L-! licorice extract after a
week of storage which was 2 . %.3with no significant difference with fruits sprayed with 2 g L Licorice
extract after a week of storage and fruits sprayed with 4 g L Licorice extract after two weeks of storage.

The interaction between the post-harvest and storage period was significant. The fruits that soaked in
4% garlic extract after one week of storage gave the lowest percentage of decay which was 2 . 3®with no
significant difference with those soaked in 4% calcium chloride solution after one week of storage and those
soaked in4% garlic extract after two weeks of storage, while the highest percentage of decay 1 8 . %8 véas in
untreated fruits after four weeks of storage.

The results indicated a significant interaction between spraying with G. glabra extract and post-harvest
treatments with garlic extract and calcium chloride and the duration of storage. Fruits sprayed with 4 g Lt G.
glabra extract, soaked in 4% garlic extract recorded the lowest percentage of decay (0 . %) after one week
of storage, while the highest percentage of decay 2 1 . % v@as in fruits sprayed with 0 g L'* G. glabra extract,
soaked in distilled water after four weeks of storage.

The fruits are exposed during the process of packing and storage to the damage, which takes several
forms according to its causes. It may be the result of mechanical disorders brought to the fruits during
packing and storage, such as bruises caused by the pressure of the fruits of each other inside the package.
The damage is caused as a result of the progress of fruits ripening and also due to injuries with pathogens
such as bacteria, fungi and yeast (Taain 2005. 2011).

As previously mentioned, spraying with G. glabra extract and soaking with garlic extract and calcium
chloride reduced the damage rate of tomatoes.

The effect of plant extracts in reducing the incidence of microbial infections may be due to their effect
in inhibiting the growth, activity and reproduction of fungi, especially volatile oils and alkaloids that prevent
the spread of pathogens and inhibit their growth (Williams & Hoagland. 1986). In addition, the volatile oils
and their compounds have the potential to inhibit the growth of bacteria and fungi (Ricardo et al. .2003).

The effect of calcium chloride treatment in reducing decay percentage due to the vital role of calcium
in plant tissues, is the increase of membrane stability and cell wall strength (Poovaiah et al. .1988). As was
pointed out by Taain (2011), postharvest treatment of jujube fruits with calcium chloride and calcium nitrate
decreased the decay of fruits particularly caused by fungi, decreased weight loss, total soluble solids and
total sugars at the end of storage at 0° C and 5°C.
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Table 3

Effect of spraying with licorice extract , postharvest treatments and storage period on decay (%) of tomato fruits

stored at 13°C

licorice Postharvest Storage period (week) licorice 3
extract g L-1 | treatments(%) extract I
1 2 3 4 postharvest
treatments
0 control 9.00 12.00 15.00 21.75 14. 43
(0]
garlic extract 4. 25 6.11 9.00 14.00 8. 34
4
calcium 4. 25 7.75 11.00 17.75 10.18
chloride
4
2 control 4.00 9.50 12.50 17.00 10.75
(0]
garlic extract 2. 44 4. 75 7.25 12.25 6. 67
4
calcium 3.55 5.25 9.75 15. 25 8. 45
chloride
4
4 control 4. 25 6. 25 10.75 16. 33 9.39
(0]
garlic extract 0.50 3.25 7.25 8. 75 4. 93
4
calcium 3.16 5.25 8.16 13.25 7.45
chloride
4
Means of
licorice
extract
licoricel 0 5.83 8.62 11.66 17.83 10.98
storage 2 3.33 6.5 9. 83 14. 83 8. 62
period 4 2.63 4.91 8.72 12.77 7.25
Means of
postharvest
treatments
Postharvest Control 0 5.75 9. 25 12.75 18. 36 22.36
treatmentsl
storage garlic extract 2.39 4 .7 7.83 11.66 6. 64
period 4
calcium 3.65 6. 08 9.63 15. 41 8.609
chloride
4
Means of storage period 3.93 6.67 10. 07 15.14
RLSD 0.05
licorice | Postharvest Storage | licoricel licoricel Postharvest licoricel
extract | Treatments period | postharvest storage treatmentsl postharvest
treatments period storage treatmentsl
1.389 1.876 1.593 2.389 2.759 period storage
2.759 period
4.778

Weight loss percentage. Data presented in table (4) showed the effect of spraying licorice extract,
treating with garlic extract and calcium chloride and storage period On the percentage of weight loss of
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tomato fruits cv. Newton stored at 13°C. The results indicate that the percentage of weight loss increased by
increasing the storage period until reached (1 . 49%) fter four weeks of storage. As for the effect of spraying
treatments with licorice extract, the least loss in weight was in fruits treated with 4 g L™ licorice extract which
reached (0 . 7 %@)2with no significant difference with 2 g L Licorice extract and significant for control, which
recorded the highest percentage (1 . 0%).7The effect of post-harvest treatments on the percentage of
weight loss was significant. Fruits treated with 4% garlic extract recorded the lowest percentage weight loss
(0 . 699 &ith significant difference from the rest treatments.

The results of the same table showed a significant difference between the spray treatments with
Licorice extract and post-harvest treatments. The lowest percentage of weight loss was in fruits sprayed with
Licorice extract 4 g. L-* and treated with 4% garlic extract, which was (0 . 5%) With no significant difference
with fruits sprayed with 2 g L Licorice extract and soaked with 4% calcium chloride solution. The highest
percentage of weight loss was in the fruits that sprayed with Licorice extract 0 g L1 and soaked in distilled
water which was (1 . 3 %)0with no significant difference with fruits sprayed with 2 g L! Licorice extract and
soaked in distilled water.

Regarding to the correlations between the spray treatments and storage period and the correlations
between postharvest treatments and storage period, the highest weight loss percentages (1 . 598. 8 . 7 ®%)4
were in untreated fruits after four weeks of storage respectively.

The interaction between spraying with Licorice extract and post-harvest treatments with garlic extract
and calcium chloride and storage period was significant. The lowest percentage of weight loss was in the
fruit sprayed with 2 g L Licorice extract and soaked in garlic extract 4% after a week of storage, which
amounted to (0 .%§ with no significant difference with fruits sprayed with 4 g L1 Licorice extract and soaked
in 4% garlic extract, after one week of storage and the treatment of 4 g L Licorice extract spray, 4%
calcium chloride soaking after one week of storage , the treatment of 4 g L Licorice extract spray distilled
water soaking after one week of storage , the treatment of 0 g L Licorice extract spray, 4% garlic extract
soaking after one week of storage, the treatment of 2 g L Licorice extract spray, 4% garlic extract soaking
after two weeks of storage, the treatment of 4 g L Licorice extract spray, 4% calcium chloride soaking after
two weeks of storage

As previously mentioned, spraying with Licorice extract and soaking with garlic extract and calcium
chloride reduced the weight loss percentage of tomatoes. The effect of plant extracts on the reduction of
weight loss may be due to the fact that plant extracts have formed a layer of insulation covering stomata and
acted as anti-transpirations because they contain substances of a similar effect to wax or vegetable oils (Rizk
et al.. 1985).

It is noted that the fruits soaked with calcium chloride solution decreased the percentage of loss in
weight because of calcium that increases cell wall strength and reduces the decomposition of pectin and wax
layer surrounding the fruit epidermis, which leads to reduce the evaporation of water content of fruits
(Taain.2005;2011).

As for the effect of the storage period, the results indicated an increase in the percentage of weight
loss by increasing storage period. This is due to the reduction of weight of the fruits as the storage period
progresses, resulting in loss of the water content of the fruits while the storage period continues, as well as,
the consumption of the food stored in the fruit as a result of breathing. These findings are in the accordance
with those previously reported by Taain et al. (2007) for Super Maramond tomato cultivar.

Table 4
Effect of spraying with licorice extract, postharvest treatments and storage period on weight loss (%) of tomato
fruits stored at 13° C

licorice Postharvest Storage period (week) licorice
extract g L- | treatments(%) extract T
L postharvest
1 2 3 4 treatments
0 control 0.515(071. 3 1.82 1.930 1.310
0]
garlic extract 0.425|0.585 0.822|1.355 0.796
4
calcium 0.630(/0.6714 1.092]1.510 0.976
chloride
4
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2 control 0.642(0.677 1.580(1.747 1.161
0]
garlic extract 0.212|0.240 0.645(1.075 0.543
4
calcium 0.405(0. 455 0.850(1. 133 0.710
chloride
4
4 control 0.225(0.607 0.803|1.675 0.827
0]
garlic extract 0.282|0.292 0.525|1.210 0.577
4
calcium 0.303(0.450 0.837|1.228 0.704
chloride
4
Means of
licorice
extract
licoricel 0 0.538(0.861 1.113]|1598 1.027
storage
period 2 0419 0. 457 1.025/1.318 0.796
4 0.270(0. 449 0.721|1.371 0.702
Means of
postharvest
treatments
Postharvest | Control 0 0.460|0.851 1.269(1. 784 1.091
treatmentsl
storage garlic extract 0.315(0.363 0.664/1.213 0.638
period 4
calcium 0.@6 0.511 0.926(1.290 0.796
chloride
4
Means of storage period 0.415|]0.575 0.953|1.429
RLSD 0.05
licorice | Postharvest Storage | licoricel licoricel Postharvest licoricel
extract | Treatments period | postharvest | storage treatmentsl | postharvest
treatments period storage treatmentsl
0.1191|0.1191 0.137|0.2062|0. 238| period storage
0. 2381 | period
0.2425

CONCLUSIONS

In conclusion, the results obtained in the present work clearly indicated the role of pre and postharvest
application of G. glabra extract at the concentrations of 4 g L-t and 2 g L-1. 4% garlic extract and 4% calcium
chloride solution in improving storage ability of tomato fruits cv. Nuton stored at 13°C for four weeks.
Obtained results indicated that the decay percentage, the percentage of weight loss and the percentage of
total soluble solids increased while the amount of vitamin C decreased with an increment of storage periods.
The lowest percentages of the decay and weight loss and the highest percentage of total soluble solids were
in fruits treated with licorice extract as compared with untreated fruits. Fruits treated with 4% garlic extract
recorded the lowest percentage of decay and lowest percentage weight loss, while fruits soaked in 4%
calcium chloride solution gave the highest percentage of total soluble solids.

133



INTERNATIONAL SYMPOSIUM

REFERENCES
Abu Zeid A. N. 1986 Plants and medicinal herbs. National Research Center. Cairo . Al Hilal Library.

[1]
(2]
3]
[4]
[5]
[6]

[7]
(8]

[9]
[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]

[18]

Beirut. First Edition;

ISB-INI H' 2017

Al-Jawari A.K., 2002 Effect of spraying with different nutrients on the growth and yield of sweet
peppers( Capsicum annuum L .) .Master thesis , College of agriculture , University of Baghdad, Iraq;

Almarsumi H. K. 1999 Study factors affecting vegetative characteristics and yield seeds of anoin llium
cepa L. Ph D.thesis . Baghdad University . Iraq;
A.O.A.C.. 1990 Official method of analysis. Association of Official Analytical Chemists. Washington

D.C;

Al-Rawi K. M., Khalf Allah M. 1980 Design and analysis of agricultural experiments. Mosul University.

Iraq. p. 488;

Bang V. 1997 Control of Seed borne pathogens by natural

volaite substances . 14t Trienniel

conference of the EAPR . Published by Assessora to Agricultur Regiore compania: 174-175;
Burton W. G. 1982 Postharvest Physiology of Food crops . Lougman. New York . PP 310;
Conway W. S., Sams C. E. 1983 Calcium infiltration of Golden Delicious apple and its effect on decay.

Phytopathology 73(7):1068-1071;

Krest I.. Keusgen M.. 1999 Stabilization and pharmaceutical use of alliinase. Pharmazie 54(4):89-93;
Poovaiah B. W., G . M . Glenn ; and A .S . N . Reddy 1988 Calcium Fruit softening : Physiology

10(3):107-152;

Rizk A. M., Heiba H. I..,Ma 6 y e r gBatdnounpK. H. 1985 Phytotherapia 56. In: the Phytochemistry
of the flora of Qatar. Rizk A. M. (ed). pp. 179-180;
Ricardo A. K. Maria. L. J. . Angelo P. J. . Maria C.V. and Cristina C.V. .2003 Intermittent warming of

AfTahiti o Li me to

prevent

c hi

ng

i njury Duri

Taain D. A. 2005 Effect of the package kind and storage temperature on qualitative characteristics and
storage behavior of date fruits cv. Barhi. Basrah. Journal of date palm Researches 4:54-70;
Taain D.A., Jerry .A.N. and Naama .A.K.. 2007 Effect of some organic acids on storability of tomato

fruits cv.super Maramond .Journal of Karbala university.vol.5 (143-148);

Taain D. A. 2011 Effect of storage temperatures and postharvest calcium Salts treatments on
storability of Jujube fruits (Zizphu smauritiana Lam.CV.Tufahi).Annals of Agricultural Science.

Mosahtohor 49(4):447-453;

Taain D. A. 2014 The role of some plant extracts and storage temperature in improving storage ability

of Date palm fruits cv. Dayri (Phoenix dactylifera L. cv. Dayri). AAB Bioflux 6(1):26-32;

Watt B. K., Merrill A. L. 1963 Composition of food ;Raw.processed. and prepared . U.S. Department

of Agriculture. Agriculture Hand Book 8;

Williams R. D., Hoagland T. G. 1986 The effect of naturally occurring Phenolic compounds on seed

germination. Weed Science 30:206-212.

134

ng






