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RIDICATA IN VEDEREA
UTILIZARII CA FURAJE
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Boboc M., Laslo L., Ciobotaru N., Matei M., Velcea A.M., Deak Gy.
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GRATARELOR RULANTE PREVAZUTE CU ROLE ELIPTICE DE SCUTURARE
Safta V.V.

RESEARCHES CONCERNING THE BEHAVIOUR OF SHASTA PEACH VARIETY GROWN IN THE DOBROGEA
101 AREA/ 653
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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 cunoagte cat mai exact potentialul productiv al unui soi (genotip) in vederea alegerii ca
polenizator (genitor) pentru crearea de noi soiuri, cat si in vederea aprecierii anticipate a rezultatelor
economice, se practicd metode de verificare a viabilitatii prin metode specifice enzimatice precum si de
germinare a acestuia pe medii diferite de culturd. in prezenta lucrare se cerceteaza in vitro si se evalueaza
microscopic vitalitatea polenului la unele soiuri romanesti de piersic si nectarin in scopul aprecierii
randamentului in germinare %R(G/V) al polenului in conditiile date de experiment, relatie exprimata prin
intermediul capacitétii germinative si a viabilitatii polenului matur eliberat proaspéat din antere. Au fost
evaluate trei soiuri de piersic Amalia, Congres si Splendid, cat si doua soiuri de nectarin Tina si Mihaela. Cel
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 “in vitro” experimented the germination of pollen grains on some
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 (Padureanu S., 2007) investigated at Ampelopsis 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
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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 Andrei M. and Radulescu, D., 1972).  After sowing, the first laboratory 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) (lordache M, Andrei M, Sesan E, 2010).

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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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
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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. Computer 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.

PE3IOME

Mamemamuyeckusm cumynayuoHeH Mmoodes1 € [o0xo0Aw, UHCMPyMeHm 3a u3credeaHe Ha
xudpasnuyHomo nogedeHue Ha OMKpUmM HarmoumernieH KaHasja U 3a rorfly4asaHe Ha UHgopmauus 3a
OelicmgumesniHume cmoUHOCMU Ha napamempume Ha medyeHuemo. B mo3u doknad e npedcmaseH
cumyrnayuoHeH Modesi Ha OMKpUM HaroumersieH KaHas, cb3fadeH ¢ xudpasnuyHusi cogpmyep HEC-RAS.
Modenbm 6ewe kanubpupaH ¢ peanHu 0aHHU rpuU cmayuoHapeH Pexum Ha medyeHUemo 8 KaHana u bsixa
onpedesnieHu onmumasiHa cmolHocm Ha epanasuHa u OelicmeumesnHusi My Kanayumem. M3ebpuweHu ca
KOMMIOMBPHU cUMynayuu 3a pasnu4yHu cmolHocmu Ha epanaguHama u 3a pabomHo 800HO Koslu4ecmeo, 3a
Oa ce OuasHocmuuupa cbcmosiHuemo Ha obnuyoskama u 0Oa ce onpedensm epaHuyume Ha
xudpaseniuyHume rnapamempu Ha u3crie08aHusi KaHarl.

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 determined. Computer 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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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 M1-1 of ,Sredna Tundja“
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 main canal M-1-1 of ,,Sredna Tundja“ irrigation system and vicinity area (www.topomaps.info)

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
iL ¥ \ I3
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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 (R2>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 simulations of steady flow in the canal for estimated optimum value of the roughness n = 0.037 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
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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 canal of ,Sredna Tundja“
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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/
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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 fasolitd, Doljana, a fost creat la Centrul de Cercetare Dezvoltare pentru Cultura Plantelor
pe Nisipuri Dabuleni, in cdmpul de ameliorare a fasolitei si inregistrat in Catalogul oficial, incepand cu anul
2017. Acest soi a fost obtinut prin selectie individuald repetatad in cadrul unei populatii de fasolitd hibride
natural. Doljana este un soi de fasolita foarte rezistent la agentii patogeni si tolerant la atacul ddunétorilor si
are o productivitate ridicatd si o timpurietate de cca 11 zile, fatd de soiul martor, Jiana. Soiul Doljana a
realizat o productie medie de 2697 kg/ha, pe o perioadad de 8 ani, inregistrdnd o diferentad de productie de
893,4 kg/ha, faté de soiul martor (Jiana), foarte semnificativd din punct de vedere statistic. Deasemenea,
comparativ cu soiul martor, Jiana, soiul de fasolitd Doljana inregistreaza o timpurietate la recoltare de cca 11
zile si o plasticitate ecologicd mai mare. Rezultatele de productie au variat in functie de conditiile climatice
ale anilor de studiu. Astfel, s-au au inregistrat corelatii semnificativ pozitive intre productie si temperatura
medie din aer a perioadei de vegetatie a fasolitei (mai-august) si corelatii nesemnificative intre regimul
precipitatiilor si productia obtinuta.

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 (Hall A. E. si grantz D. A., 1981, Zavoi A. si Bleoju Maria, 1989, Reddy K. C., J. Van Der
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 sicolab., 2010, Draghici Reta, 2012, Thomas R. Sinclair si colab., 2015). Also,
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 (Dréghici Reta si colab,
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 CCDCPN Dabuleni in 2009-2016, referring to the biology, productivity 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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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,
compared to the Jiana variety (Dabuleni 2009-2016)

_ Statistical No. pods / N_o. Length of Vegetgtlo Productio oW
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 24 1.65 1.24 7.53 220.65 14.52
. deviation(o)
variet) ~Coefficient 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(o)
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
(Dabuleni 2009-2016)
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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 (Dabuleni 2009-2016)
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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 Jiana and Doljana cawpea varieties (Dabuleni 2009-2016)
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

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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PREPARATION WORKS ON THE PRODUCTION OF RYE
/
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DE PREGATIRE A PATULUI GERMINATIV ASUPRA PRODUCTIEI LA SECARA
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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 Olteniei asigura un microclimat favorabil pentru cultura de secaré,
planta care valorificad foarte bine terenurile sdrace, din categoria solurilor nisipoase. Avand un sistem
radicular bine dezvoltat, cu o mare capacitate de absorbtie, secara este o plantd putin pretentioasé fata
fertilitatea naturald a solului, fiind recomandata in asolamente pe acele terenuri care sunt nefavorabile
culturii graului. Studiul initiat in anul 2015, in conditiile unui sol nisipos de la Centrul de cercetare Dezvoltare
pentru Cultura Plantelor pe Nisipuri Dabuleni subliniazd importanta unor factori tehnologici, respectiv lucrérile
solului, epoca de semdnat si densitatea plantelor, asupra rezultatelor obtinute la secara de toamnd. In
conditiile anului 2016, secara a inregistrat un maxim de productie de 3774 kg/ha prin semanatul pe 15
septembrie, asigurédnd o densitate de 500 b.g./mp si un pat germinativ pregétit printr-o lucrare de arat la
adancimea de 22-25 cm + discuit la 10-15 cm. Productia de boabe obtinutd in cadrul acestei variante
experimentale a avut urmatori parametri calitativi:Proteina bruta -12,6%, Gluten- 22%, Indicele Zeleny- 32
ml, Indicele de cadere (Falling Number) - 330 s.

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.,, 2009, Gus, P. et al., 2007), at the same time soil porosity decreases, a phenomenon 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 climatic conditions recorded at the D&RCAPS Dabuleni weather station (Figure 1),
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.
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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).
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Fig. 4 - Correlations between production and different sowing variants in rye culture
studied within soil work systems
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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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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 plantd bine adaptatd la climate tropicale si subtropicale, dar poate creste cu
succes ntr-o gama largd de conditii climatice in care media sezonului rece sa nu fie mai mare de 5 luni. Prin
cerintele biologice ale plantei cultura de cartof dulce gdseste conditii prielnice de crestere si dezvoltare in
zonele cu soluri nisipoase din Romania. Cercetarile efectuate in perioada 2015-2016 la Centrul de Cercetare
Dezvoltare pentru Cultura Plantelor pe Nisipuri, Dabuleni subliniaza soiul si epoca de plantare in camp ca
factori determinanti in productivitatea plantei. Rezultatele obfinute la cinci soiuri de cartof dulce (Yulmi,
Juhwangmi, Hayanmi, KSP 1 si KSC 1) studiate in cadrul a 3 epoci de plantare in camp (10-15 Mai, 25 Mai-
05 lunie, 10-15 lunie) evidentiaza soiul Juhwangmi, plantat in cadrul primei epoci cu o productie medie pe
cei doi ani de 43750 kg/ha. Intérzierea plantérii in cdmp a l&starilor de cartof dulce determind diminuarea
productiei de tuberculi cu 13.068,27 kg/ha. Deasemenea procentul de tubercul comerciabili (cu diametru
peste 3 cm) scade odata cu intérzierea plantdrii in cdmp. Rezultatele privind monitorizarea reactiilor
fiziologice ale plantei de cartof dulce, subliniaza influenta epocii de plantare asupra desfasurérii proceselor
de fotosinteza si transpiratie in functie 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 (Draghici Reta et al., 2013). Therefore, soil moisture deficiency
was completed by irrigation using the drip method to provide 80% of the active humidity range.
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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 pmol CO2 / m2 / s), when plants lost most of the water
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
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Photosynthesis rate (umol CO2 fm2 / s5) Plant transpiration rate {(mmol H20 fm2 [ s}

mYulmi = Juhwangmi =Hayanmi =KSF'1 =KSC1

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 rate (umol CO2/ m?/ s) Plant transpiration rate (mmol H20 / m?/s)
Epoch | Epoch lI Epoch Il Epoch | Epoch Il Epoch Ill
18.246 16.695 11.448 3.748 4.433 2.113
Radiation active in photosynthesis (umol m-2s™ 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.
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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 ymol CO2 / m?/ s). when 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.

REZUMAT

B cmambe paccmampusaemcsi 6usiHuUe UHGpakKpacHo20 U3/y4eHUsi Ha [0CEsHblE Kayecmea
ceMsiH U pocm momamos. [lposedeHa oueHKa NOCEe8HbIX Ka4ecme CeMsiH. 0bsTlyYeHHbIX 8 3agucuMocmu om
8PEeMEHU 3KCMo3uyUU. om murna u3fly4eHusi: MOCMOSIHHO20 U UMMYsbCHO20. [MpedcmasneHb! pedynbmamabl
uccnedosaHull OanbHeliezo pocma 0aHHOU Ky/lbmypbi.

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. et al. 2014). Today the concept “nanotechnologies” implicates technologies in particular connected with
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 A.V. et al. 2016; Grishina S.Yu. et al. 2014. Parshikova Yu.
et al. 2016; Sharenov A.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 Education “Orel State Agrarian University named after N.V.
Parakhin” The selected seed group was exposed to radiation according to the preset mode (type 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. 1 — 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°C to 33 °C, air 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°C. and humidity was decreasing up to 3%. lllumination was from 55 to
85 lux. magnetic field — 0.018 to 0.028 Gs (figure 2).
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Fig. 2 - Dependence of illumination from time exposition
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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 — from 2 min to 5 min. from 10 min to 25 min. However, seed wakening
suppression at persistent radiation — 2 min and from 10 min. at pulse radiation — 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 — 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 — 2 min. 7 min. from 25 min. Also
value has a form of radiation: pulse or persistent. Germination indicators of tomato seeds irradiated by pulse

radiation (figure 6) are better than by persisten

t 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
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 the “best
sprouts” are observed in the range of 10 minutes of influence.

CONCLUSIONS

It is proved that the effect of infrared radiation on sowing qualities of seeds has non-linear
dependence.
It is demonstrated that the application of pulse infrared radiation produces more favorable effect on
wakening energy and seed germination in comparison with persistent radiation.
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.

REFERENCES

[1]

(2]

3]

[4]

[5]

[6]

Borodin I.F., (2008). Nanoelectrotechnology in seed breeding (HaHosnekTtpoTexHonorns B
cemeHoBopacTee) book of reports Application of nanotechnologies and nanomaterials in Agro Industrial
Complex (c6.gokn. NMpumeHeHne HaHoTexHoNornn n HaHomatepuanos B AlNK). Federal State Scientific
Institution «Rosinformagrotech». ( M:®I'HY «PocuHdopmarpotex»). pp.12-19. Orel / Russia;

Grishin A.V.. Lyubina Yu.S.. (2016). Infrared persistent radiation effect on tomato germination
(BnunsHue nHpakpacHoro NOCTOSAHHOIO M3Ny4YeHnsa Ha BCXOXeCTb TomaTtos). Topical issues of natural
science education. environment protection and human health (AkTyanbHble npobGnemsl
eCTeCTBeHHOHay4YHOro obpasoBaHus. 3aLluTbl OKpYXKatoLen cpedbl U 340poBbA YernoBeka). Materials
of IV International research and practice conference (Matepuanel IV MexayHapoaHOW Hay4yHO-
npakTnyeckom koHdepeHunn). pp.118-120. Orel / Russia;

Grishina S.Yu., Goltsova L.l.. (2014). Role of stimulating effect of infrared radiation (Ponb
CTUMYIMPYIOLLLEro BO3OENCTBUA MHMpakpacHoro nsnyyeHus). Materials of the International research
and practice conference (MaTepuanbl mMexgyHapogHOW HayyHO-npakTuyeckon koHdepeHuun). OO0
«Consulting company Ucom» (OO0 «KoHcanTtuHroas komnaHus FOkom»). pp.46-48. Tambov / Russia;
Matyukhin S.I.. Grishina S.Yu.. (2016). Oscillations of the ion flux at shallow depths of carbon
nanotubes (OcumnnauMm NOTOKa WMOHOB Ha MarnbixX rMybuHax yrrnepogHbIX HaHOTPYOOK). Resource-
saving technologies for storage and processing of agricultural products (Pecypcocbeperatowme
TEXHOMOrMN MpU XpaHeHWn n nepepaboTke CenbCKOXO3ANCTBEHHOW npoaykuun). Materials of the
International Scientific and Practical Seminar (Matepuansl MexayHapooHOro Hay4yHO-NpakTU4EeCKOro
cemuHapa). pp.68-70. Orel / Russia;

Matyukhin S.I.. Grishina S.Yu.. (2011). Investigations of ion implantation in carbon nanotubes for
application in cattle breeding (MiccnegoBaHusi MOHHOM UMNNAHTAUUN B YINEPOAHbIX HAHOTPYyOKax ansi
npuMmeHeHus B XuBoTHoBoAcTee). Bulletin of Orel State Agrarian University (BecmHuk OpenlAY). Issue
number 1. pp. 70-73. Orel / Russia;

Matyukhin S.l.. Grishina S.Yu.. (2012). Dechanneling of low energy ions in carbon nanotubes
(dexaHanumpoBaHne MOHOB HU3KNX SHEPIUI B yriepoaHbiXx HAaHOTpybkax). Science Journal Notes of Orel

53



INTERNATIONAL SYMPOSIUM [SB-IN/ -H' 2017

[7]

(8]

(9]

[10]

[11]

[12]

State University Series: Natural technical and medical sciences (Y4yeHble 3anucku OpnoBcKoro
rocygapCTBeHHOro yHuBepcuteTa). Issue number 3. pp. 64-68. Orel / Russia;

Parakhin N.V.. (2011). Plant breeding sustainability as a main factor of Agro Industrial Complex
development (YcToMumBOCTb pacTeHMeBOACTBa Kak rnasBHbii dakTop passutusa AlK). Bulletin of Orel
State Agrarian University (BecmHuk OpenlAY). Issue number 2. pp. 2-5. Orel / Russia;

Parshikova Yu.. Grishin A.V.. Seredyuk D.l.. (2016). Infrared radiation effect on tomato germination
(BnusiHme wmHdpakpacHOro MMMyrbCHOrO M3NydeHUst Ha BCXOXecTb TomartoB). Physics and modern
technologies in Agro Industrial Complex (Pusuka n coepemeHHble TexHonorun B AlNK). Materials of the
International research and practice conference (Matepuansl MexayHapoaHOW Hay4YHO-MPaKTUYECKON
KoHgepeHuun). pp.115-116. Orel / Russia;

Polishuk S.D.. Nazarova A.A.. Kutskir M.V.. Churilov G.l. (2014) Nano-Materials and Composition on
the Basis of Cobalt Nano-Particles and Fine Humic Acids as Stimulators of New Generation Growth//
Journal of Materials. Science and Engineering. B. Ne2. pp. 46-54.

Stepanova L.P.. Starodubtsev V.N.. Stepanova E.l.. (2010). Ecological efficiency of usage of seed
pretreatment done by water extracts from rocks and vermiculites (Okonornyeckas addekTMBHOCTb
NCMonb3oBaHMs NpeanoceBHOW 0OpaboTKM CeMsH BOAHbIMU BbITS)KKAMU U3 TOPHbIX MOPO4 U
BepmukynutoB). Bulletin of Orel State Agrarian University (BecmHuk OpenlAY). Issue number 5. pp.
49-53. Orel / Russia;

Sharenov A.V.. (2014). Tomato crop growth at seed radiation with infrared radiation (PocT KynbTypbl
TOoMarta npu obnyyvyeHun npu obnydeHun cemsiH nHdpakpacHbeiM nsnydeHmnem). Physics and modern
technologies in Agro Industrial Complex (Pusnka n coBpemeHHble TexHonorn B AlK). Materials of the
International research and practice conference. pp. 183-184. Orel / Russia;

Sharenova N.V.. (2010). Influence of infrared radiation on mustard seed germination (BnuaHne
NMHMPAKPACHOrO MU3MyYeHUs Ha BCXOXECTb cemsH ropumubl). Materials of VIII research and practice
conference. Federal State Educational Institution of Higher Professional Training Ulyanovsk State
Agricultural Academy (®IrOY BIMO YnesaHosckas TCA). pp. 434-435. Dimitrovgrad / Russia.

54


http://elibrary.ru/contents.asp?issueid=1071842
http://elibrary.ru/contents.asp?issueid=1071842

INTERNATIONAL SYMPOSIUM [SB-IN/ -H' 2017

THE INFLUENCE OF THYMUS VULGARIS L. ESSENTIAL OIL ON GERMINATION OF
ZEA MAYS CARYOPSES
/
INFLUENTA ULEIULUI ESENTIAL DE CIMBRU ASUPRA GERMINATIEI
CARIOPSELOR DE PORUMB

Ph.D. Stud. Eng. Fatu V.29, Ph.D. Stud. Eng. Dudoiu R.>?, Ph.D. Lupu C.9, Ph.D. Petrisor C.D. Dima M.?
YResearch Development Institute for Plant Protection
AUniversity of Agronomic Sciences and Veterinary Medicine of Bucharest
3 Plants Crops Research and Development Center on Sandy Soils
Tel: 0729263874; E-mail: fatu_viorel@yahoo.com

Key words: Zea mays, essential oil, seed germination.

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

Existd o preocupare constantd asupra nivelului in crestere a insecuritatii alimentare dictatd de
schimbérile climatice la nivel planetar. Prin urmare. sunt studiate metode noi gi inovative cu privire la
utilizarea potentialului diferitelor substante naturale pentru a crsste productivitatea culturilor. In contextul
agriculturii durabile si a celei organice. utilizarea resurselor naturale pentru protectia culturilor devine foarte
importanta. Utilizarea diferitelor plante aromatice si medicinale ca precursori pentru protectia plantelor
imbogéteste biodiversitatea si spectrul culturilor valoroase economic. In acest studiu este prezentatd
actiunea uleiului esential de Thymus vulgaris asupra germinatiei si cresterii radiculare a cariopselor de Zea
mays in urma tratamentului la s&manta.

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.
(Palagesiu et al.. 2000). Diabrotica v. virgifera Le conte (Palagesiu et al.. 1998). 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
monthly temperature for April and May has a positive deviation between 0.3 and 0.6°C. the maximum
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%) (Klari¢ 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

56



INTERNATIONAL SYMPOSIUM 1SB-INY FH' 2017

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 germination experiments it was used the “Germination tool box” application
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.

REZUMAT

Potentialul epizootic al ciupercii B. bassiana depinde de abilitatea tulpinii fungice de a se raspéandi in
populatia gazdd, de modu,. viteza si intensitatea sporuldrii. In lucrare sunt prezentati parametrii
epizootiologici ai procesului prin care B. bassiana se transmite direct de la o gazda la alta. S-au facut
observatii privind dinamica epizootiologica. respectiv numarul de gazde infectate. numarul de propagule
infectioase din sol, rata de mortalitate a insectei gazda in cultura experimentala. gradul de sporulare post-
mortem. Valoarea maximéd a infectiei fungice s-a inregistrat atunci cénd raportul dintre rata unor infectii
micotice noi si rata de mortalitate a indivizilor micozati a avut valoarea 1.

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) — Entomophtora
muscae model (Carruthers et al.. 1985). and (iii) the alfalfa weevil Hypera postica) — 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) “pathogenic inoculum”

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 — 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) — 1.76% (6 days) — 2.9% (8 days) — 3.13 (10 days) and in larval stages 3 and 4 showed
differences between 1.1% (4 days) — 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 “Pathogenic” population
(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
DE’s deposits from Romania (Buzdu-Patarlagele and Adamclisi) which have been compared with the
commercial types of SilicoSec and PyriSec. The DE’s have been applied at the dose rates of 100, 300, 500
and 900 ppm and mortality of the exposed adults was recorded after 7. 14 and 21 days of exposure.

REZUMAT

Lucrarea urméareste sa prezinte influenta tipului de cereale asupra eficacitétii insecticide a formul&rilor
de diatomit. aplicate peste doud produse de depozit grdu si orz. impotriva adultilor géndacului fainii.
Tribolium confusum (Jacquelin du Val) (Coleoptera Tenebrionidae). Formulérile utilizate in studiile de
laborator au fost din doud depozite locale din Roménia (Valea Buzaului-Péatarlagele si Sudul Dobrogei-
Adamclisi). comparativ cu tipurile comerciale SilicoSec si PyriSec. Diatomita au fost aplicate la doze de 100,
300, 500 si 900 ppm (mg / kg de cereale). in timp ce mortalitatea adultilor expusi a fost inregistrata dupa 7.
14 si 21 de zile de la 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’s are probably the most
efficacious natural dusts used as insecticides (Korunic. 1998). DE’s act on the insects’ exoskeleton (cuticle)
causing rapid desiccation and resulting in death through water loss. Also, DE’s can be applied with the same
application technology with traditional grain protectants, which means that no specialized equipment is
required (Athanassiou et al. 2005). Several DE’s based on natural deposits are now commercially available
and have proved very effective against stored grain pests (Korunic. 2013). Despite their advantages, the use
of DE’s in stored-product protection remains rather limited due to their main drawback: DE application
reduces grain bulk density (volume/weight ratio). For a satisfactory level of efficacy, the current DE’s should
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 “the natural ability of a population to withstand the toxic effect of a particular
insecticide” (Yu. 2015).
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However the insect may resist penetration through the thickening of the integument Tribolium spp. are
considered the most tolerant stored-grain beetle species to DE’s at the adult stage (Vayias et al.. 2009).
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 in the laboratory trials were two local DE’s deposits from Romania (Buzau
Valey-Patéarlagele and South of Dobroudja-Adamclisi) compared with the commercial type SilicoSec PyriSec
(Agrinova. Germany) and SilicoSec (Biofa. Germany). Since the DE’s efficacy in some cases is 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 DE’s were applied in 1 kg lots of each at the dose rates of 100, 300, 500 and 900 ppm (mg DE
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
using Abbott’s formula (Abbott. 1925) and the adult mortality was analysed separately for each grain.

RESULTS

The results of our study are presented in the graph from Figures 1 — 4. The mortality of T. confusum
exposed to treated wheat was low, the exception being the mortality levels of PyriSec. For SilicoSec and the
two Romanian DE’s, mortality in all 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 DE’s (fig.2).

Tribolium confusum (wheat)
100

Tribolium confusum (barley)

_ & 100 ppm 80 B8 100 ppm
S 801 E& 300 ppm 5 B3 300 ppm
2 = B3 500 ppm > 60 B3 500 ppm
g 60 = B3 900 ppm IE B3 900 ppm
o = S 40

€ 404 = £

2] 2

> >

S 20 S 2

~ ~

Fig.1 - Mortality on wheat and barley treated with DE’s in four dose rates, at 7 days
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Fig. 2 - Mortality on wheat and barley treated with DE’s in four dose rates, at 14 days
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Fig. 3 - Mortality on wheat and barley treated with DE’s in four dose rates, at 21 days

Figure 3 presents the final mortalities for T. castaneum. with the exception of PyriSec. SilicoSec
reached a 60% with the dose 900 ppm followed by Romanian DE’s with 40% respectively 35%.

From the DL50 data analysis, it can be concluded that DE PyriSec and Adamclisi have different
adherence for wheat and barley. Meanwhile, SilicoSec’s adherence has been close to that of the DE from
Patarlagele (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%. The two Romanian DE’s at the highest dose rate had the same performance with the commercial
formulation of SilicoSec. Grain adherence is a factor that must be taken into account in future tests. DE’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

Microorganismele endofite trdiesc aparent fara sa producéa nici o dauna in interiorul diferitelor organe
vegetale. formand asa numitul endofitobiom. Sunt in principal bacterii si ciuperci. Numeroase tulpini de
microorganisme sunt considerate benefice pentru plante, ajutdndu-le sa faca fata stresului de mediu gi
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 fost izolate din tuberculi dar gi
din alte parti ale plantei. Primele rezultate aratd prezenta tulpinilor din genurile Rhizobium, Gordonia,
Paenibacillus, Bacillus, Micrococcus gi alte genuri.

INTRODUCTION

The microorganisms find habitat not only in different places in the environment, but also inside
different microorganisms —animals plants and humans. They formed the so called microbiome- we think that
the plant microbiome is phyto microbiome, animal — 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 — 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) —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 —
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 (Martiriez-Luis et 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 — 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°C and the storing temperature of -18°C. 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.

PE3IOME

AkmyanbHoCmMb meMbl uccriedo8aHus cesi3aHa C 8bICOKOU 3KOHOMUYECKOU UeHHOCMbIO Kilyb6HUKU Onsi
Pecnybnuku [azecmaH. Obwas nnow,adb eblpawjueaHus KrybHuku npesbiwaem 700 eekmapos. a
CMOXHbIU buoxumudeckull cocmae. MOHKUL 6KyCc U numamersibHasi UeHHoCmb amol Kyrnbmypbl Oatom
B803MOXXHOCMb UCMOMb308amb €20 01 rpoudsodcmea pasfuyHbiX MHO20KOMIMOHEHMHbIX [POOYKMo8
numaHuss. 9Omo uccnedogaHue ObifI0 HafnpaeneHo Ha pas3pabomkKy 3aMOPOXKEHHbIX POCGYKMOs.
yrnakogaHHbIX 8 cmekrsiHHble b6aHKku obwemom 500 e. a 8 sAwukax u3 nonucmuposna - 250-300 e. ¢
memriepamypoli 3amopaxxusaHusi -40 ° C u memnepamypol xpaHeHus -18 ° C. LleHmparnbHbIM mMemodom
uccnedosaHuli bbiio 8HeOpeHuUe 3amMopa)kusaHusi Kak Hauboriee 3ghghekmueHo20 criocoba coxpaHeHus
nuwesbix nNpodyKkmos. r1o3eossuwezo noddepxueame Hau8bICUIUE BKYCO8bie U BKyCO8ble Kadecmea
r10y4EeHHbIX POOYKMO8.

B pesynbmame. ydumebigas uccriedo8aHHbIe [pouU3800Hble MpodyKmbl. Mbl Habrodanu 6bICOKoe
colepxaHue sumamuHa C 8 ceexux seolax crnedyroujux copmos: [ueaHmenna (73.9 mMe%). nopd (77.5
me%) u Bukmopus (73.7 me%). [locnedyiouwee xpaHeHue rpueesio K He3HadyumersibHbIM romepsm
sumamuHos. Yepes 10 mecsues xpaHeHusi codepxaHue sumamuHa C ymeHbuwunocb ¢ 10.1% 0o 15.4%.
Obpasubl umesnu obwupHbIt U pa3HoobpasHbIl Habop KOMIOHEHMOS8. obecreyusarouux numamersbHy U
buonoeaudeckyto ueHHocmb. [lokazamenu coxpaHeHuss 6uoxumMu4yeckKkoeo cocmaea KiybHUKU npu
HU3KomemnepamypHOM XpaHeHuu eapbuposasucb om 60% Ao 80% e pasHbix copmax. Mbl Habnodanu
HesHa4YumersbHble nomepu sumamuHa C 80 ecex rnpou3go0HbIx npodykmax om 3% 0o 35% o cpasHeHuUo ¢
UCXOOHBIM COOepXKaHUeM.
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HanHbie. npedcmasneHHble 8 uccrnedogaHuu. mMo2ym 6bimb ronie3Hbl 0 pabomHukos nuuiesol
rPOMbILWIIEHHOCMU. Ol Ce/lbCKO20 xo03slicmea u O WUPOKoU 0obu,ecmeeHHOCMU. MOCKOJIbKY amu
npodykmbl UMerm B8bICOKOE Kayecmeo MumaHusi C WUPOKUM CrHeKmpoM eumamMuHo8. Makpo- U
MUKPO3/1IEMEHMO8.

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 — 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 — in polystyrene
packaging holding. 250-300 g. The freezing temperature was -40°C. the storing temperature — -18°C. 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 — by titration with 0.1N alkaline solution; the content of sugars — with the cyanide method; total content
of pectins — with the carbazole method; juice loss — through the difference in the weight of the frozen and
thawed samples; vitamin C (ascorbic acid) — with the iodometry; vitamin PP (niacin) — according to GOST R
50479 — 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

M Elizabeth

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 — at least
7%. acids (in regards to malic acid) — 0.8-1.0%, pectin substances — no less than 0.8%. vitamin C — 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 culti