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FOREWORD

Dear Colleagues,
Dear readers,

The city of lasi, with a documented existence of over 600 years, is rightly considered the
cultural capital of the country and, by the indisputable power of the arguments, has become,
100 years after the Great Union, the historical capital of Romania.

The University of Agricultural Sciences and Veterinary Medicine of lasi has already a
European opening by fulfilling its mission of training specialists in the context of the
increasingly mobile demands of a society in continuous transformation.

As a center of excellence in agronomic and medical-veterinary research, our university
celebrates annually the stages it has proposed to follow, with outstanding results obtained both
in the educational field and in the field of scientific research.

The Congress “Life sciences, a challenge for the future” is one of the occasions through
which, together with us, researchers from different areas of the world may identify solutions
that could contribute to the sustainable development.

Prof. Univ. Dr. Vasile VINTU Prof. Univ. Dr. Gerard JITAREANU
Rector of US.A.M.V. lasi President of the Senate, U.S.A.M.V. lasi
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Photosynthesis Rate, Transpiration, Stomatal Conductance in
Varieties of Eggplant and Sweet Pepper in Different
Technological Systems

ACATRINEI Ligial

! Institute of Biological Research, lasi — Branch of NIRDBS Bucharest (ROMANIA)
Email: ligia.acatrinei@icbiasi.ro

Abstract

The research was carried out on the protected crops, greenhouses and solariums investigating
the variations of photosynthesis, transpiration, stomatal conductance and also, sugars leaf
fractions in different technological systems (organic and conventional) on the varieties of
Capsicum annum L. (peppers) and Solanum melongena L. (eggplant). In May-June,
photosynthesis, transpiration and stomatal conductance showed higher values for varieties from
the conventional system, while in July these parameters are higher for organically grown
varieties, especially at the basis and middle part of plant showing an increase in the latter
fruiting phenophase. Wue, the A/E ratio, showed in flowering stage high and close values in
classic and in organic systems. In ripening stage, Wue have a quite higher value in organic
systems and where plants showed a slower growth than in classic. Higher values of substomatal
COa, Ci have been observed in organic systems which involved a slower rate of absorbtion of
atmospheric CO; in photosynthesis process than was observed in classic variants. In ripening
phenophasis, in classic technology system, disaccharides fraction is increased because are
involved in growth and sugars accumulation in fruit whilst the monosaccharides and
polysaccharides decrease but varieties organically grown showed higher values of
disaccharides and also of polysaccharides.

Keywords: photosynthesis, transpiration, protected system, organic, classic, eggplants, sweet peppers
Introduction

In last decade agriculture is experiencing the transition from conventional technology with
large areas and chemical treatment to the organic or ecologic technology of crop cultivated in
protected spaces. Managing growth and development of an entire crop for optimum production
involves the manipulation of environmental condition to obtain not only the maximum rate of
photosynthesis under the given light conditions, but also the optimum balance of vegetative and
generative growth of plants for sustained production and high yields [6]. Modern crop
modelling combined the plant physiological processes in their interdependency with
environmental condition for providing the information and such that management optimization
in protected spaces. Among cultivated crop, Solanaceae occupied over half of them in protected
spaces. From that, different types of tomato varieties were intensively researched whilst pepper
and eggplant are less investigated.

Besides photosynthesis, some factors, which alter the resource availability, can be
anticipated to influence carbohydrate partitioning and fruit growth. The dynamics of the
carbohydrates in tomato plant was observed had greatest values after flowering in conventional
greenhouse, meanwhile in ecologic solariums the accumulation increasing until maturity. The
dependency with the type of technology observed in tomatoes crop was linked to rate of
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decomposition of the nutrient from soil such as the synthetic fertilizers are available quickly
while the organic nutrients are released slowly during vegetation stage [1], [2], [3]. The aim of
this study is to investigate the variations of photosynthesis, transpiration, stomatal conductance
and also, glucose metabolism indices in different technological systems (organic and
conventional) on the varieties of Capsicum annum L. (peppers) and Solanum melongena L.
(eggplant) in order to assess the environmental influence and the differences among them.

Methodology

The biological material used consisted of fresh leaves in the plant varieties grown in the
protected areas (greenhouses and solariums). The studied varieties of peppers and eggplants
under ecological conditions (S.C.D.L. Bacau) in comparison with those under conventional
technological conditions (AGROSIV Barlad S.A.) were studied. The varieties taking into
account were: — sweet pepper such as Baltasar (S.C.D.L. Bacau), Vergasa (AGROSIV Barlad
S. A.) and also, eggplants: Aragon (S.C.D.L. Bacdu) and Black Pearl (S.C.D.L. Bacau).

The vegetables cultivated in these protected systems are selected hybrids. Varieties
cultivated in Barlad greenhouse have the conventional technology (chemical treatment and
fertilizers), but varieties from Bacau are cultivated in ecological systems for 12 years before
(regarding the time of investigation). The organic crop varieties were transplanted two weeks
later than these in classic system. During winter the protected spaces were not supplementary
heated. Photosynthesis, transpiration and stomatal conductance were determined with LCi
analysing portable system (ADC Bioscientific, U.K) at base, middle and top of plant. The leaf
carbohydrates (mono-, di- and polysaccharides) were analysed by using 3,5-dinitrosalicylic
acid (DNS) reagent for reducing sugars (Bertrand method combined with method Borel 1953)
in dried plant material. Results were expressed as g % of dry matter.

Results and Discussions

Gas-exchange parameters (photosynthesis rate, transpiration, stomatal conductance and
internal concentration of CO3) in flowering phenophase showed an increasing variation from
basis to top of plant in both investigated technological condition, conventional (chemical
treatment) and organic (Table 1).

Table 1. Variation of photosynthesis, transpiration and stomatal conductivity in studied varieties after 6 weeks of
transplantation (May) (flowering stage) cultivated in different type of protected spaces in 2008

Station Variety Part of Ci A E Gs Wue
plants | (umol mol®) | (umol m?s?Y) | (mmolm?2s?) | (mmol m?s?) | (uml/mmol)
Barlad Basis 286 +0.01 4.45+£0.12 1.36+£0.01 0.24+0.01 3.27+0.21
(classic)
Sweet Middle | 288+ 0.01 7.41+0.14 2.40+ 0.01 0.34+ 0.01 3.09+ 0.1
pepper Vergasa | Top 237+ 0.01 15.26£0.13 3.64+ 0.01 0.45+ 0.02 4.19+£ 0.1
Eggplant Basis 296+ 0.01 5.95+0.1 2.36+0.01 0.58+0.11 2.52+0.02
Aragon Middle | 269+ 0.01 11.89+ 0.1 2.76+ 0.01 0.64+0.07 4.31+£0.02
Top 261+ 0.01 13.97+ 0.01 3£ 0.01 0.65+0.11 4.66+ 0.01
Bacau Basis 151+ 0.01 9.36+0.1 2.21+0.01 0.2+ 0.1 424+ 0.1
(organic) Baltasar
Sweet Middle | 210£0.01 9.53+ 0.1 2.8+ 0.01 0.24+ 0.1 3.40+0.1
pepper Top 159+ 0.01 13.16£ 0.1 3.09+ 0.01 0.27+ 0.1 426+ 0.13
Eggplant Basis | 251=0.01 8+0.13 2.8£0.01 0.27+0.1 2.86+ 0.1
Black Middle | 205+ 0.01 8.77£ 0.1 3.01+0.01 0.3+ 0.1 291+ 0.1
Pearl Top 143+ 0.01 10.03+0.16 3.56+0.01 0.32+0.11 2.82+0.1

Legend: Ci — Substomatal cavity CO concentration, A — photosynthesis rate, E — transpiration rate, gs — stomatal
conductance, Wue — water use efficiency, Mean + standard error
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Higher values of photosynthesis were recorded in sweet pepper from organic system because
earlier transplanted than eggplant. Concentration of internal CO, registered a close value among
different part of plant in conventional system than organic ones which have a variation indirect
proportionally with photosynthesis rate (Table 1).

In sweet pepper, transpiration obtained a value between 1.36 mmol m s until 3.64 mmol
m2 s’ in classic crop technology and between 2.8 mmol m™ s until 3.09 mmol m? s in
organic crop. In eggplant, transpiration registered almost close values between 2.5 mmol m? s°
"until 3 mmol m? s, in both technological systems (Table 1).

In flowering stage, stomatal conductance had almost close values in analysed organic crops
with an interval between 0.2 mmol m™ s™! until 0.27 mmol m™ s™! (sweet pepper) and between
0.27 mmol m? s until 0.32 mmol mmol m? s (eggplant). In this stage, the stomatal
conductance increased from basis to top in relation with increasing of the photosynthesis and
also transpiration process. In flowering stage, Wue (ratio of A/E) is increasing from basis to the
top of plant in conventional system but in organic crop is higher at basis and top (Table 1).

Photosynthesis in ripening stage registered higher value at basis and top of the plant in
conventional system as a well as in organic system, in all studied variants (Table 2). Highest
values around 15 umol m™ s™! was recorded in Vergasa variety of sweet pepper and 20 umol
m~ 57! in Aragon eggplant variety cultivated in classic technology system. In organic crop, at
ripening stage (July), highest values were obtained at the basis plant, of 9.49 umol m? s in
Baltasar sweet pepper and of 11.38 pmol m™ s! in Black Pearl eggplant variety. Transpiration
was higher at basis and top of plant in classic system with values between 4.64 mmol m~2 s™!
until 7.08 mmol m? s in sweet pepper and between 4.8 mmol m™ s™ until over 7.5 mmol m™
s at eggplant.

Table 2. Variation of photosynthesis, transpiration and stomatal conductivity in studied varieties in ripening
(July) stage cultivated in different type of protected spaces in 2008

Station Variety | Part of Ci A E Gs Wue
plants | (umol mol) | (umol m?s?h) | (mmol m?s?) | (mmol m?s?1) | (uml/mmol)
Barlad Basis 287+0.01 14.43+ 0.1 5.31+£0.1 0.48+ 0.1 2.72+£ 0.1
(classic)
Sweet Vergasa | Middle 333+0.01 1.06+0.1 4.64+0.1 0.34+0.1 0.23+0.1
pepper Top 248+0.01 15.88+0.1 7.08+0.17 0.57+0.1 2.24+0.4
Eggplant Basis 203+0.01 20.95+0.12 7.73£0.14 0.63+0.1 2.71+0.2
Aragon Middle 268+0.01 6.5440.1 4.8+0.1 0.32+0.2 1.36+0.1
Top 206+0.01 20.15+0.2 7.54+0.1 0.67+0.4 2.67+0.1
Bacau Basis 793+0.01 9.49+0.23 1.99+0.11 0.13+0.1 4.77+0.1
(organic) Baltasar
Sweet Middle 735+0.01 2.35+0.13 2.13+0.14 0.21£0.1 1.10£0.5
pepper Top 954+0.01 7.14+0.11 3.51+0.17 0.24+0.2 2.03+0.7
Eggplant Black Basis 769+0.01 11.3840.1 1.93+0.1 0.16+0.1 5.90+0.9
Pearl Middle 945+0.01 3.03£0.1 2.04+0.14 0.13+0.3 1.11£0.5
Top 929+0.01 5.95+0.11 3.01+0.15 0.27+0.1 1.98+0.8

Legend: Ci — Substomatal cavity CO2 concentration, A — photosynthesis rate, E — transpiration rate, Gs — stomatal
conductance, Wue — water use efficiency. Mean + standard error

In organic crop, transpiration was lower than in classic system, values obtained were 1.99
mmol m s until 3.5 mmol m? s (sweet pepper) and 1.93 mmol m? s until 3.01 mmol m™
s'! (eggplant) but increasing from basis to top of plant (Table 2). Higher values of substomatal
COz, Ci have been observed in organic systems (Table 2). In Baltasar variety of sweet pepper
between 735 umol mol! (middle part) until 954 pmol mol™ (top) and in Black Pearl between
769 pumol mol™! (basis) until almost 900 pmol mol! (top and middle) which involved a slower
rate of absorbtion of CO2 in photosynthesis process than was observed in classic variants.
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In organic solarium oftenly it is used for humidity maintaining and plant disease control the
polyethylene plastic mulch. In such case, the increasing of CO; from plant respiration and
deficitary air circulation were led to photorespiration which are observed in tomatoes leaves,
especially in the middle part of plant where density of leaves in mature plant are increased [1],
[3]. On the other hand, it was reported that prolonged photoperiod showed a carbon loss of
metabolism competence due of starch accumulation in leaves [5]. In ripening stage, in classic
system, Wue is lower at the middle part and higher at basis and top of plant being in
concordance with photsynthesis activity of the plants, the middle part is shaded by the superior
foliage (Table 2).

In organic, the higher values of Wue are obtained at the basis of plant (almost 5 for sweet
pepper and 6 for eggplant), the middle and top of plant obtained also higher values than obtained
at classic system. The difference is due of lower transpiration registered in organic system.

Some data reports a higher gs, greater assimilation rates which lead to the growth fast under
optimal conditions, but the plants have lower WUE. Also, it was observed that photosynthetic
rate can adjust rapidly irradiance changes, but the latency in stomatal responses will constrain
photosynthesis by limiting CO> uptake [7]. Our results are confirming that due to closure
stomata mechanism that photosynthesis rate could have rather lower even when Ci registered a
high value, fact observed at Baltasar and Black Pearl varieties from organic crop at ripening
stage.

Analysis of sugar leaf variation showed that in 2008 year and 2009 year in conventional
technology the all investigated fractions of sugars are well represented in flowering phase
(May) whilst in the ripening phase (July) the lower values of total monosaccharides are
corelated with the photosynthesis decreasing which occurred that stage.

In ripening phenophasis, in classic technology system, disaccharides fraction is increased
because are involved in growth and sugars accumulation in fruit whilst the monosaccharides
and polysaccharides decrease (Figure 1, Figure 2). In conventional system in 2009 year are
observed an increasing the disaccharides content in sweet pepper because of the climatic
condition of that year (warmer in April), the sweet pepper was earlier transplanted than in 2008.

conventional organic

I [ ] :
I I | 20 || total polysacch,
I 1 disacch.
v 1 I I e g% 15 1 I | B B monosaccharides
™™ + B B B B BB .
I disacch.

10 L] | _ ||
= I IIE T T . - . W monosacch. 1 |

sweet pepper eggplant sweetpepper | eggplant
sweet pepper eggplant sweetpepper | eggplant

2008 2009 2008 2009

Fig. 1. Graphic representation of sugar leaf fractions  Fig. 2. Graphic representation of sugar leaf fractions

in investigated varieties in classic technology system  in investigated varieties in organic technology system

in flowering (1) and ripening stage (2) (bars are error  in flowering (1) and ripening stage (2) (bars are error
standard) standard)

In 2008, in organic crop, at sweet pepper, the total of polysaccharides showed a value of 10g
(around 60%) of total sugars leaf compounds in flowering stage and decreasing until 4 g (40%)
in ripening stage. Thus, the fruit in organic crop were with strong consistency (personal
observation) because of accumulation of polysaccharides for a long period (Figure 2). Sucrose
as disaccharides compound is relatively a stable molecule (it is transported between different
plant organs and even stored for long periods) when compared with monosaccharides, which
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are promptly metabolized and are seldom transported between cells or accumulated [4]. In
protected spaces are observed the influence of environmental condition such as temperature
oscillation in sugar partition of leaves. Thus, in unheated protected spaces, total sugars leaf
compounds were higher in 2009, warmer year than in 2008. In organic as well as in classic
system in ripening stage the monosaccharides are strongly decreasing and the disaccharides is
increasing during fruit sugar accumulation. For both analysed system, total content of sugars
leaves is increased in 2009 than 2008, especially at sweet pepper in ripening stage. In classic
system, that accumulation is around 18% and in organic is almost over 22%. In ripening stage
0f 2009, the sugar leaf fractions showed that higher values are obtained in organic crop system
almost with 10% higher than in classic system at eggplant and sweet pepper analysed varieties.

In other studies, it was observed that organic fertilization has a positive effect on the
accumulation of reducing sugar in tomato varieties [2], phenolic compounds and mineral
accumulation in eggplant [8]. The leaves transform reducing sugar into sucrose rapidly during
the early phenophase and transport it to the stems and fruit for starch synthesis. As a result, the
transformation from reduced sugar (monosaccharides) into sucrose (disaccharides) in the leaves
increased, as well as the reducing the photosynthesis rate. Through that, an increasing of the
polysaccharides amount during the later stage (ripening stage) took place.

Conclusions

In flowering stage, the photosynthesis rate was almost close values for varieties in classic
and organic technology of protected spaces. Photosynthesis in ripening stage registered higher
value at basis and top of the plant in conventional system as a well as in organic system, in all
studied variants.

Higher values of substomatal CO», Ci have been observed in organic systems which involved
a slower rate of absorbtion of atmospheric CO; in photosynthesis process than was observed in
classic variants. In flowering stage, Wue obtained higher and close values in classic and organic
systems. In ripening stage, Wue have a quite higher values in organic systems and where plants
showed a slower growth than in classic.

Analysis of sugar leaf variation showed that in 2008 and 2009 in conventional technology
the all investigated fractions of sugars are well represented in flowering phase (May) whilst in
the ripening phase (July) the lower values of total monosaccharides are corelated with the
decreasing photosynthesis which occurred that stage. The sugars leaf fractions showed that
higher values are obtained in organic crop system especially in 2009 year, almost with 10%
higher than classic system for eggplant and sweet pepper in ripening stage.
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Abstract

This paper proposes a GIS (Geographic Information Systems) methodology on the
quantification of soil loss due to hydric erosion. The method is based on GIS techniques, and
the novelty consists of the implementation of a mathematical model, through the “overlay”
technique at pixel level, which ensures higher accuracy of the results. The database created
within the GIS project can be considered a fundament for future forecasts or simulations of
hydric erosion in the hydrographic water catchment area.

The variability of natural factors requires the use of GIS for the spatial-temporal monitoring
of land erosion-related degradation, and thus the GIS use is justified in this paper by means of
an example concerning a hydrographic water catchment area of approx. 4000 ha. The MNT of
the water catchment area is developed (basic information layer for further analysis), where the
information layers concerning the factor with impact on hydric erosion are developed. The
simulation programs (in Fortran language) were imported under the Geo-Graph software under
which the entire project was performed. The finality of erosion modelling shows the actual and
potential erosion at a certain moment. The morphometric factors may change their values in
time and spatial, but as long as the database was set up, the simulation under the new
circumstances is extremely easy.

The main objective of the research: highlighting the influence of morphometric factors on
erosion for the purpose of quantifying the areas of manifestation, assessing the erosion rate and
predicting the erosion manifestation under conditions of environmental changes.

Keywords: hydric erosion, Geographic Information Systems (GIS), land degradation, morphometric factors, layer
Introduction

Erosion — a real problem. The soil is humankind’s main natural wealth (resource). Erosion
is one of the most serious environmental problems both at national and world level [1]. Along
with the natural factors that trigger and maintain the erosion process on the slopes, soil erosion
1s also aggravated by human anthropic actions, thoughtless and negative actions, which hasten
the erosion process [2].

Methodology

Study area

The water catchment area under study is called Antohesti. It belongs to the upper water
catchment area of the river Berheci, in the Unit called Colinele Tutovei, and it is located in the
Eastern part of Romania, in Bacau county (Fig. 1). The reception area is of 3963 ha, with a
highly fragmented relief, hilly type and average slopes of more than 15%. Absolute altitudes
ranging between 549.5 m (Hill Dorosanu) and 200 m in the dam accumulation, resulting an
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energy relief 349.5 m. The slopes are affected by surface erosion, deep and. The sloping land
was affected by sheet erosion, gully erosion and by active landslides. Dominant soils are
chernozems and brown soils, and the most extended uses are: arable land — 47.2%, pasture land
—26.78% and forest — 16.8%, [3].

'
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Fig. 1. Location of the study area (Antohesti catchment)

Method of research and input data

During the first stage, the information layers that characterize the landscape were created
(because landscape-related information is critical for the modelling of erosion processes on
gradient land).

Based on the map with level curves, the obtained Numerical Land Model (MNT) provided
fundamental layers for the GIS project, such as: Layer 1 — Hypsometric map; Layer 2 — Flowing
direction map; Layer 3 — Gradient map; Layer 4 — Flowing length map.

By integrating the above mentioned seven layers in USLE equation, under Geo-Graph
software, we obtained the information layer of the erosion risk (Layer 8), in two simulation
versions, namely the actual risk (determined by the combined action of all parameters of USLE
equation) and the potential risk (where the factors that can be controlled in the intake basin —
layer 5 and layer 7 — were disregarded).

A Land Numeric Model (MNT) was developed based on an accurate cartographic basis. Due
to the fact that the landscape-related information is critical for modelling the erosion processes
for gradient land, the expression thereof in a numeric form has significant benefits determined
by the fast processing and compatibility with numeric mapping and remote detection
techniques.

The numerical model of the land

Land modelling is an important component of GIS applications in the study of erosional,
geomorphological and hydrological processes. Moreover, it has been gaining increasing
importance lately in other fields of activity as well (land-use planning, buildings, etc.).
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Usually, the relief is represented in the form of a field of continuous altitudes, known in each
of the nodes of a regular grid, known as the Land Altitude Numerical Model (MNAT),
represented in the form of pixel of different dimensions.

The Land Numerical Model for the area studied was drawn up by interpolating altitudinal
information from stereo-orthophotoplanes. The punctiform data set was interpolated for
validation. The errors were highlighted by directly visualising the model obtained or by deriving
products such as: slopes, exposition, profile curvature, plane curvature and shading. After
making the corrections, the data set was rasterised, using several interpolation methods. The
Land Numerical Models obtained by raster procedure was used in order to develop the geo-
referential database included in the above-mentioned equation, and this enabled the overlay of
a rectangular grid of square cells of 25 x 25 m (cell size) on the cartographic documentation.

Thus, the computation of water erosion in the reviewed basin was performed on 63,408 cells.

Results and Discussions

Relief altitude decreases progressively from east and northeast to west and southwest,
according to the general surface geological inclined strata (Fig. 2). The presence of harder rock
horizons in the southwest, resistant to disaggregation and erosion, favoured maintaining
interfluvial peaks in this area at altitudes greater than 500-450 m. The greatest heights
correspond to the interfluves that separate the main hydrographic basins of the tributaries.

Through regressive erosion, the interfluves were fragmented, which led to the greatest
heights being currently associated with hills with an accentuated profile, laid out in a
perpendicular direction to the direction of the current river’s drainage.

Quota Interval

(m)

200-250
250-300
300350
350-400
400-450
450-550

EREOED

4000 €000 8000 X (m)

Fig. 2. Hypsometric map: “layer 1” and DEM in 3D format

The average relative relief height — is 0f 298.4 m. The maximum altitude of 494.7m and the
altitudinal deviation is equal to 372.4 m.

The modal class is of 100-250 m, the 150-160 m class (representing meadows) also
registering a high frequency, most of the values ranging between 150 m and 375 m.

Slope a very important factor that conditions the dynamics and frequency of erosion
processes. Values under 5% characterize meadows, deluvial cones, colluvial-proluvial areas.

The land slope was automatically determined based on the numerical model of the altitude,
a classification being subsequently applied, which resulted in 9 classes of values with
geomorphological relevance (Fig. 3). The maximum slope is equal to 47%, the average slope
of the region studied is of 18.9%.
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Fig. 3. Relief declivity map: “layer 3

The quasi-horizontal and very gently sloping lands, with slopes under 5, are represented by
approximately 11% of the lands (170 ha). The moderately steep lands (5-15) represent 34% of
the surface of the region, namely approximately 790 ha. They correspond to the majority of the
slopes, but especially to those conforming to the surface geological structure, consequently
having a southern or southeaster general orientation. Furthermore, these slopes can also be
found in the lower third of the slopes, as well as the majority of the interfluves. Erosion occurs
with moderate intensity on these surfaces, the processes mainly consisting in surface erosion.

The steep (15-25) and very steep (>25) lands cover approximately 56% of the surface of the
region (1700 ha) and correspond mainly to cuesta slopes. The landforms are destroyed here
with greater intensity, through a set of processes, which includes surface erosion, landslides and
gullying. In the basin subjected to study, the highest share is represented by the lands located
on the slopes with steep slopes, while the lowest share is represented by the quasi-horizontal or
gently sloping lands.

Relief fragmentation depth — has unevenly distributed values in the space analysed. The
highest interfluves are characterized by energy values exceeding 300 m, and the majority of the
slopes by values 0of 250-300 m. The average value of the relief fragmentation depth in the region
studied is 261.5 m, the values ranging from 50m to 550 m. The modal class of frequency
distribution is that of 50-100 m (62.44%), the value class under 50 m (30.96%) registering
halved values, followed by the much less represented classes, the >100 m (together 6.61%).

The raster representation considered that the current pixel can be drained based on one of
the eight possible directions (Fig. 4), depending on the positioning of the lowest altitude
adjacent pixel.
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Fig. 4. Drain directions “layer 2”

Relief fragmentation density — represents the ratio of the total lengths of the hydrographic
systems, including the dry valleys, to the surface unit (km/km?). It is a parameter that provides
a clear image of the degree of relief fragmentation, thus quantifying the nature of the variation
in the surface. The differentiations are influenced by lithology, the nature of the current
geomorphological processes.
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Fig. 5. Topographical factor map: “layer 4”

To conclude, the overall morphometry of the hydrographic basin studied is the effect of the
morphological evolution of the monoclinally structured lithological deposits. The estimation of
the relief factor (the product between the maximum length of drainage and the slope: L-iy) is of
major importance to determine soil losses. The method of estimation used has a major role as
regards the result. Thus, selecting different erosion flow modelling algorithms determines both
the amplitude of the resulting values, as well as the spatial distribution model of the relief factor
values. Moreover, it can be concluded that should the precise quantitative determination of soil
loss be requested, it is absolutely necessary to calibrate the model used.
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Conclusions

1. This project develops the information flow of geo-spatial data, from acquisition to
graphic and non-graphic information (alphanumeric) concerning the erosion risk of a
water catchment area. The aim of the research is elaborating, validating and
implementing computerized modelling techniques of erosion processes, within the area
studied, by applying GIS.

2. Modelling soil hydric erosion by surface runoff is a laborious process, which requires a
considerable volume of input data, referring to: morphometric characteristics of the
relief, intensity and amount of rainfall, coverage/use of lands and anti-erosion practices.

3. The kinetic energy of rainfall determines the initial erosion of rainfall, and the length
and degree of slope inclination determine the energy of the running water — as main
erosive forces. These give erosions the character of a hazard. Within the USLE model,
the energy available to displace sediments during rainfall is equal to the product between
the total amount of kinetic energy (E) and the intensity of rainfall (I).

4. The capacity of the soil to resist erosion (erodability), as well as the type and degree of
land coverage and the agricultural techniques used are the conditions (forces) that are
activated against the erosion phenomenon. All these put together represent the state of
vulnerability of the soil.

5. The applicative value of this paper consists in elaborating mathematical models to
simulate the process of hydric erosion, creating a database (maps) of the spatial
distribution of rainfall erosion, soil erosion, hazard and risk of soil erosion by water.
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Abstract

Lake clogging is an extremely complex natural process, which starts from the moment the
lake emerges, by collecting water in a natural pool and holding until the clogging fills the lake
basin. The rate and intensity of the alluvial accumulation lakes are determined, in general, by
several factors, including the intensity and extent of the erosion and sediment transport
processes, the physico-geographical features of the receiving basin, the accumulation
coefficient, the way the land is exploited on the surface. the basin, the process of abrasion of
the banks, the design concept of the accumulation, the regime of its exploitation. Any type of
soil is vulnerable to the degradation of its structure. Lack of activity planning or overwork can
result in soil compacting or compacting. These processes can prevent the emergence of plants,
by degrading the porous space, the conditions of aeration and water supply, necessary for the
development of the root mass. Also, soil compaction favours surface drainage processes, by
reducing soil permeability to water, infiltrating water into the soil. The intensification of surface
runoff causes soil erosion, and the transport of the eroded solid material through the
hydrographic network in the accumulation lakes, eventually producing their clogging.

Destruction is the reduction or loss of stability of soil structural aggregates to the action of
water and agricultural machinery, being one of the most important physical processes of soil
degradation. In turn, the destruction is in fact the cause that generates many other negative
processes or the intensification of the existing ones. Thus, the deterioration of the quality of the
structural aggregates, that is: of the shape, of their porosity, of the hydraulic and mechanical
stability, especially on the soils with arable use, is of the most important because, they influence
crucial the hydrological characteristics, the permeability of the soil for water and air, stability
and configuration of the porous space. The origin of the solid material driven by water (solid
flow) is largely due to the training of the fine material from the river basin, favoured by
landslides, collapses and torrential erosions. Measurement-based assessments show that in
ordinary large waters (annual maximums), 68% of alluvial material comes from the basin and
only 32% comes from the translation of particles from the bed of the riverbed. In the forested
regions of Romania, the average turbidity of the rivers is below 100 g/mc, compared to up to
5000 g/mc as they reach the rivers flowing through heavily forested areas.

Keywords: Clogging, erosion, lake, solid flow, landslides
Introduction

The accumulations in the hilly areas constitute the kind of hydrotechnical works that have a
complex role in their economic and social activity. The criteria underlying the choice of sites
for these hydrotechnical works are rigorous, and for this reason, their number is limited,
constituting a resource that, like any resource, must be rationally exploited. Clogging
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accumulation is a phenomenon that cannot be stopped but only diminished and has negative
consequences that disrupts their normal operation.

The concept of “Alluvium system” is defined [1] in general terms as a subsystem of the river
geomorphological system in which the main inputs are the control factors, the transfer and
storage of deposits is ensured by the morphodynamic triad: erosion — transport — sedimentation,
and the output of the system is the production of sediments which can be assimilated by the
ratio of the effluent and silt.

From the point of view of the protection of the accumulation lakes, in the decisions to reduce
the transit of alluviums, interest is given to the “alluvium processes” and “sediment storage”
which in the alluvium system must be looked at separately but, on a well-defined time and space
scale and in connection [2].

In alluvium processes, the analysis of alluvium sources should take into account the area of
origin in relation to the basin (slope, riverbed or other geomorphological formations), land use
(agriculture, forestry, construction, etc.), and the generating processes of alluviums (erosion,
landslides, shore erosion, etc.). A study by R.A. Romanian Waters point out that in the whole
country, in an average period of 15 years, in the lakes on the inland rivers, there were deposited
about 200 million m? alluviums with an annual rate of 13.4 million m?, which represents 27%
of total multiannual alluvial transport. The fastest rates of clogging were recorded at
accumulations located in areas with high alluvial transport and which were executed before
carrying out some anti-erosion works in the reception basins [3].

Central Moldovan Plateau and Tutovei Hills, as subdivisions of the Moldovan Plateau, are
strongly affected by the erosion phenomenon which leads to high alluvial effluent coefficients,
respectively a high alluvial effluent, which affects by sedimentation the accumulations located
in this area [2].

Methodology

The research method addressed was that of inventorying the predominant forms of erosion
in the area of excessive influence on the alluvium transport, of accumulations located in the
area of the Central Moldavian Plateau and the Tutovei Hills, of their mode of erosion
management and through determinations and observations. the effect of these forms of erosion,
arranged or not arranged, on the filling of the respective accumulations [5]. At the same time,
the degree, mode and average annual rate of clogging of the respective accumulations with
different situations of the area of excessive influence in terms of alluvium transport were
established. These objectives were pursued in the idea of highlighting the differentiated
contribution of erosion processes to the accumulation of accumulations, differentiation given
both by the forms of erosion and by the way of arrangement or the lack of anti-erosion
arrangements [6].

For the presented case study, determinations were made on a number of six accumulations
regarding the clogging process and, in the area of excessive influence, observations and
determinations regarding the anti-erosion arrangements and their behaviour regarding the
influence on the clogging of the lakes. The accumulations are located as follows: an
accumulation from the Central Moldavian Plateau (the Puscasi accumulation located on the
Racova river) and five accumulations from the Tutovei Hills: Cuibul Vulturilor located on the
Tutova river; Rapa Albastra located on the Simila river; Fichitesti located on the Pereschiv
river; Antohesti located on the Berheci river and Gaiceana located on the Ghilavesti river [5].
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Fig. 1. Locate areas of research and observation in the Moldavian Central Plateau and the Tutovei Hills

From a geomorphological and geological point of view, the surface geological formations
belong to the upper sarmatian and pliocene, the former being present at the base of the northern
slopes of the Tutovei Hills, in marine, clay-sand to moderate and deltaic facies, predominantly
sandy, with sandstone interlayers. and clays in the north and northwest. The largest
development is the meotean sediments, with a thickness of over 300 m, formed by a complex
of sands, clay sands, clays and marls that start from the base through a horizon of andesite
cinerites consisting of banks whose thickness can it reaches 10-20 m in the eastern part of the
Tutovei Hills and 70-80 m in their western part towards the Siret valley [4].

Precipitation has a variable distribution both in time and in space. In Fig. 2 is presented the
precipitation regime at the main weather stations in the Central Moldavian Plateau and the
Tutovei Hills.

Rainfall mm
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Fig. 2. The precipitation regime in the Moldavian Central Plateau and the Tutovei Hills
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The hydrographic network that drains this area is entirely tributary to the Barlad river
through its most important tributaries coming from this area: Tutova, Pereschiv, Berheci,
Zeletin and Simila in the Tutovei Hills respectively: Racova, Vasluet and Crasna in the Central
Moldavian Plateau.

The feeding of the hydrographic network is predominantly pluvial, with an extremely
capricious regime, but which generally has similar variations during the year. Debts below the
annual average (30-35% of the multiannual average) start from August to February and during
March-June the throughput rates are 1.5-2.0 times higher than the multiannual averages with
the maximum reached in the month June, aspect reproduced in the liquid flow module (Fig. 3)
on the main rivers within the Central Moldavian Plateau and the Tutovei Hills.
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Fig. 3. Module of liquid flow on the main rivers in the Moldavian Central Plateau and the Tutovei Hills

From the point of view of turbidity, for the rivers in the Central Moldovan Plateau area and
the Tutovei Hills, they fall as a multiannual average value around 6.0 g/1 but the highest degree
of alluvium loading is during March-July 5.2-14.2 g/I.

Anthropically, in terms of the use of agricultural land in this area the main share is the arable
land 302950 ha (73.6%). Of the total of 411540 ha agricultural land in the area 289610 ha
(70.4%) are located on slopes greater than 5%. From the area of arable land, 209450 ha (69%)
are on slopes greater than 5%. The pastures and grasslands, which represent 19.6% (80800 ha)
of agricultural land, a percentage of 66.8% (54000 ha) are located on slopes greater than 5%

[5].
Results and Discussions

The degree and average annual rate of clogging of the analysed accumulations, determined
at the NNR (normal retention level) is different. The results obtained, for the accumulations in
the area of the Tutovei Hills, highlight differentiated values of the annual degree and average
rate of clogging according to the hydrographic basin where they are executed and their location
within it. Thus, the accumulations of Antohesti and Gaiceana, located in the upper and middle
part of the Berheci river basin have a filling level of 40.91% respectively 41.46% of the initial
volume at the NNR, returning them with an average annual filling rate of 4, 09% respectively
4.15% of the same volume. The accumulation Cuibul Vulturilor located in the lower part of the
Tutova river basin is clogged with 32.63%, achieving an average annual clogging rate of 2.33%.

Répa Albastra accumulation in the lower area of the river basin The similarity has a clogging
degree of 21.13% with an annual average rate of 2.33%, while the Fichitesti accumulation in
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the lower area of the Perschiv river basin is the most strongly affected by clogging, the degree
their clogging being 52.6% the average annual clogging rate being 3.3%.

In the case of Puscasi accumulation, the degree of clogging is 62.3% and the annual rate of
clogging that is the accumulation is 0.436 million m3, that is 2.7% of the volume of useful
water initially accumulated at the NNR [5].

Analysing the tendency of clogging of the accumulations in the Tutova Hills according to
certain morphological parameters, it can be said that the average annual rate of clogging
decreases with the increase of the surface of the receiving basin to a certain limit and then it
increases again, a tendency that is observed and depending on the initial water gloss, which is
explained by the fact that the small reception basins coincide with the surface of the area of
excessive influence.

As a result of the measurements made on these six accumulations regarding the degree, the
average annual rhythm and the way of filling, the alluvial effluence from the area of
accumulations could be appreciated. At large accumulations, through the exploitation regime
(minimum levels before forecasted floods), the degree of alluvium retention can be considered
as 95%-98% leading to values (indicative for the location of accumulations) of alluvial
effluence of 14, 16 m>/ha year in the Racova basin, 4.08 m>/ha year in the Tutova river basin,
6.23 m*/ha year in the Simila river basin, 11.08 m*/ha year in the Perschiv river basin.

Conclusions

The average annual rate of clogging, of the accumulations in the studied area, decreases with
the increase of the surface of the reception basin to a certain limit and then it increases again, a
tendency that is observed also according to the initial water glow at the NNR, which is explained
by that that the small reception basins coincide with the surface of the area of excessive
influence.

Depending on the surface of the area of excessive influence on the transport of alluviums
and the initial volume of water at the NNR, the tendency of the average annual rate of clogging
is decreasing with the increase of these two parameters. In the large accumulations, where the
area of excessive influence on the transport of alluviums is 2.0%-10.0% of the surface of the
entire reception basin but being of the order of thousands of hectares, a differentiation of the
rate of deposit of the alluviums is observed. In the area of direct entry into the accumulations
of the microbazines it is 4 to 6 times greater than the area of directly adjacent slopes.

The lowest value of the average annual rate of clogging is achieved when the surface of the
receiving basin is between 30000 and 40000 ha, the surface of the area of excessive influence
on the transport of alluviums is less than 4000 ha, the initial volume of water at the NNR is
more high of 6000000 m>, the surface of the water gloss at the NNR has values between 200
and 260 ha.
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Abstract

Rapid industrialization and modern agricultural practices raise soil and water contamination
by imposing toxic effects to humans and ecosystems. Based on principle of adsorption,
application of amendments is often considered as a cost-effective alternative for remediation of
pesticide polluted soils. Biochar has arisen as promising material which is eco-friendly,
renewable, cheaper, and easily available, that will solve the problem of soil remediation.

Moreover, due to highly porous structure and the presence of carboxylic and phenolic groups
in their structure, biochar has the ability to sorb and retain organic pollutants including
pesticides and heavy metals. Therefore, the objective of this study was to assess the pesticides
adsorption capacity of biochar-based wheat, in order to understand the impact of biochar
amendment on the fate of metribuzin in soil. Initially, the efficiency of the biochar derived agri-
waste was evaluated after pyrolysis and then SEM analysis were carried for morphological
analysis. Kinetics and isotherms studies were performed in order to characterize the biochar
sorption capacity. The results of this work indicate that biochar’s can be used as an alternative
adsorbent to remove metribuzin pesticide from aqueous solutions.

Keywords: Adsorption biochar, pesticide, metribuzin
Introduction

Soil polluted by pesticides is a global concern, with concentrations of residues in soils that
often exceed the self-purification capacity of the soil. High concentration of pesticides poses
harmful side effects, different types of endocrine malfunction, interaction with estrogen and
androgen receptors and thyroid. Therefore, the efficient removal of pesticides from aqueous
solutions have become a significant issue from economical and health perspective [1]. The
methods for pesticide removal from aqueous solutions, are adsorption, reverse osmosis and
ultrafiltration, precipitation and ion exchange. Among all these methods, adsorption has gained
importance due its efficiency, cost effectiveness, versatility and easy handling.

Biochar is a carbon rich material, which can be produced from various agri-waste biomass
pyrolysis in an oxygen-limited conditions which can be used as adsorbent to remove pesticide
molecules from aqueous solutions [2]. As a soil amendment, biochar helps to improve soil
quality due to its high porosity and large surface area that bind the nutrients and prevent
leaching loss. All these effects provide suitable conditions for microbial growth associated with
the degradation of organic matter and pesticides. Biochar as a soil amendment can improve soil
quality, increase crop yield, reduce irrigation and fertilizer demands and mitigate greenhouse
carbon emissions [3], [4], [5].

Herein, biochar derived wheat straw was applied to the adsorption of metribuzin from water.

The performance of biochar for attracting metribuzin molecules from aqueous solutions was
extensively tested at various batch adsorption variables, such as initial concentrations, contact
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time and solution pH. The experimental data were analysed by Langmuir and Freundlich
models while pseudo-first order and pseudo-second order models were adopted for the analysis
of kinetic data. The chemical composition and surface characteristics and morphology of
prepared biochar’s were also analysed.

Methodology

Materials

Metribuzin with a purity of 95%, chemical formula of CsH14N4OS and molecular weight of
214.29 g mol™! was obtained from Dr. Ehrenstorfer GmbH (Augsburg, Germany). The soil and
wheat straw material were collected from Ezareni, — the Experimental Farm of the Agricultural
University Iasi Romania. Pyrolysis of wheat straw was conducted under different temperatures
(600°C, 700°C and 800°C) under oxygen limited environment for 6 h. The obtained biochar’s
were referred as WS-600°C, WS-700°C and WS-800°C.

Characterization of biochar’s
The surface morphology and structural images of each biochar was examined using a
Scanning Electron microscope (SEM) (FEI — Field Electron and Ion Company).

Adsorption performance

The performance of the biochar’s for retaining metribuzin molecules was evaluated under
initial concentrations, contact time and solution pH of 7. 2 g of soil and 0.02 g of biochar was
added to a set of 100 mL Erlenmeyer flasks containing 20 mL of solution with the required
initial concentration. The influence of contact time (0-24 h) was explored at various initial
concentrations (1 — 100 I:rn% L1). The removal efficiency and the adsorbed amount q (mg g)

{Lo—C

were evaluated by: @~ “w  V, where: C (mg L") and C, (mg L") are the residual and initial
concentration of metribuzin, respectively. The soil and agri-waste mass and the volume solution

are W (g) and V (L), respectively.

Adsorption studies
The adsorption studies were performed by adding 2 g of soil and 0.02 g of biochar to 20 mL
of metribuzin solution at different concentrations (1-100 mg L) at pH 7.0 for 120 min. The

experimental data were analysed by Langmuir and Freundlich models as follow: Langmuir
L-g

isotherm: ge = Qmax t+K.Ce and Freundlich isotherm: qe = KrCe!"™, where: qmax is the maximum
adsorption capacity (mg g!); Ce is the concentration of metribuzin at equilibrium (mg L); Ky,
(mg g, Kr (mg g!) and n are the Langmuir and Freundlich constants.

The kinetic study was conducted for the time range of 0 — 24 h; using the residual
concentration at time t, C; (mg L), the adsorbed amount at time t, q; (mg g'') was also evaluated
from Eq (1). Pseudo-first order (Langergren, 1898) and pseudo-second order (HO and McKay,
1999) models were adopted for the analysis of kinetic data, as follows: Pseudo — first order: g

Gz Rz
= qe (1-e™%), Pseudo-second order: q; = t+k2et, where: q. (mg g™') and q (mg g') are the
metribuzin adsorbed at equilibrium and time t, respectively; k; and k> (mg g”! min™") are the rate
parameters of both models.

Results and Discussion
Characterization of the adsorbents

In Table 1 are presented the elemental compositions of WS, WS-600°C, WS-700°C and WS-
800°C. The results indicate that the C content increased with increasing temperature which
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implies an increase of surface area of biochar’s. Both carbon content and aromatic structure are
relevant items that contribute to pesticide molecules adsorption [6], [7], [8], [9]. Furthermore,
the higher C content in WS-800°C facilitated the formation of structures which can improve the
adsorption of metribuzin and another aqueous contaminant [ 10]. These results are in agreement
with the results described by [11] where reported that the carbon content of biochar increased
with increasing temperature.

The atomic H/C ratio is a reflection of a more intensive aromatic structure which establish
different pore size while surface area is more stable against decay, difficult to be decomposed
and mineralized [12] [13]. The ratio of O/C was lower with increasing temperature, suggesting
the loss of oxygen content and its close relationship with composition of functional groups.

Table 1. The main composition of WS, WS-600°C, WS-700°C and WS-800°C

Elemental composition Atomic ratios
Material (wt %) (wt %
Ash Moisture | C H (0] N H/C | O/C (O+N)/C
WS 8.72 3.15 48.29 | 7.13 41.75 2.83 0.147 | 0.864 0.923
WS-600°C 14.45 4.58 54.71 | 3.58 17.54 1.15 0.065 | 0.320 0.341
WS-700°C 12.11 4.43 66.93 | 2.86 14.25 0.89 0.042 | 0.212 0.226
WS-800°C 7.19 4.97 7412 | 2.15 10.17 0.35 0.029 | 0.137 0.141

Similar results were found by [1] who utilized barley straw as precursor to prepare biochar
adsorbent through thermal pyrolysis.

The morphological features of agri-waste before and after pyrolysis were characterized by
scanning electron microscopy (SEM). SEM images of the WS, WS-600°C, WS-700°C and WS-
800°C are presented in Fig. 1. Prior to pyrolysis treatment, were numerous well-ordered parallel
textures on the surface of wheat straw. After that, the parallel structures were broken and the
biochars had on surface different dimensions in the form of spherical agglomerates that are
intersecting and interconnecting. [1] prepared activated carbon from barley straw by thermal
pyrolysis. They found that the porosity surface with a honeycomb structure is due to
carbonaceous skeleton from the biological capillary structure of the raw material.
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Adsorption isotherms and kinetics

Metribuzin adsorption onto soil and biochar’s varied with time and was influenced by the
pyrolytic temperature. Metribuzin sorption rate was fast during the first 1 h and then slowly
reached equilibrium after 5 hours.

To describe both the adsorption mechanism (surface properties) and the maximum
adsorption extent, the Langmuir and Freundlich models were used. The results showed good
fitting of data by the Langmuir model with R? values (0.977-0.998) relative to the R? values
(0.714-0.960) for the Freundlich model (Table 2). The results of experimental equilibrium data,
reveals the monolayer coverage of metribuzin molecules may occur onto the homogeneous
surface of biochar. The values of K1 increased with pyrolysis temperature, which indicate that
the new material obtained was more effective in metribuzin adsorption.

Table 2. Adsorption isotherm parameters for metribuzin on soil and biochar’s

Isotherm Constants Soil WS-600°C WS-700°C WS-800°C
R? 0.996 0.998 0.984 0.977
Langmuir qL 126.4 256.1 294.7 3473
KL 0.31 0.42 0.67 0.74
R2 0.960 0.848 0.714 0.890
Freundlich n 0.96 0.61 0.78 0.67
Ky 1.84 141.25 135.1 126.18

The different Ky values of WS, WS-600°C, WS-700°C, WS-800°C, suggest different
adsorption mechanism could be involved in metribuzin adsorption capacity. Similar results
were found on various biochar’s derived from rice straw, corn straw and wheat straw [14].

The pseudo-first-order kinetics model of Lagergren (1898) and the pseudo-second-order
model of Ho and McKay (1999) were used to describe the kinetics data. In terms of correlation
coefficient (R?), the results obtained for the pseudo-second-order type showed to be higher
relative to the R? values of the pseudo-first-order kinetics model (Table 3). The results also
showed good agreement between the experimental ge values and calculated ge values of the
pseudo-second order model.

Table 3. Kinetic model parameters for metribuzin and soil-treated biochar’s system

Pseudo-first-order Pseudo-second-order
e exp e est Ki R2 Qe est Ko R2
(mgg") | (mgg') | (mgg'min™) (mgg') | (mgg' min™)
Soil 1.2159 2.9485 0.02 0.756 | 1.193 1.212 0.996
WS-600°C | 1.4112 5.1321 0.001 0.723 | 1.392 0.798 0.978
WS-700°C | 1.4638 5.8031 0.001 0.831 | 1.445 0.821 0.993
WS-800°C | 1.5109 5.7091 0.001 0.892 | 1.489 0.834 0.992

The pseudo-second-order type suggests that the adsorption rate is controlled by the active
sites, then the concentration of metribuzin, identifying adsorption under chemisorption type.

Additionally, the second model, implies ion exchange or superficial complexation between
the superficial groups of the biochar’s and metribuzin molecules from aqueous solution [2],
[10].
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Conclusions

The capacity of biochar’s to remove metribuzin was investigated. Biochar derived agri-waste
at three pyrolysis temperatures showed highly reactive surfaces, as confirmed by SEM. The
adsorption equilibrium data of metribuzin onto the biochar’s were best described by the
Langmuir model, while the adsorption kinetics follow the pseudo second order model. The
adsorption process was found to be complex depending on both time and concentration.
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Abstract

Technical progress, innovation, and knowledge are the neo-factors of production that
determine over 70% of the competitiveness of the economic sectors including agriculture.

Increasing the competitiveness of the agricultural sector and the overall performance of the
agricultural business in Romania depends on the farmers’ access to innovation, information,
and knowledge. Through the research conducted, it was sought to find an answer to the
question: What innovation potential has the Romanian agriculture? From the methodological
point of view, the following methods were applied to answer the research problem: the
documentary analysis; statistical analysis; method of comparison. The results of the study
highlighted the following aspects related to the innovation potential in agriculture: i) the
expenses for research and development activities in agriculture represent less than 1% of the
gross agricultural added value, 80% less than the European Union average of 5.5%; ii)
Romanian agriculture has a growing human resource of research, represented in 2016 by 76,500
thousand persons with agricultural studies or employed in the field of agricultural research and
technology; 1ii) the 105 agricultural research infrastructures in Romania, which provide more
than 700 specialized services, as well as the 14 active clusters in the field of agriculture, bio-
economy and the agri-food industry, are another benchmark for the innovative potential of the
sector.

Keywords: Potential; innovation; agriculture
Introduction

The agricultural sector is subject to significant challenges in terms of increasing economic
competitiveness at the same time protecting the environment and increasing food security
(Leaver, 2010). Facilitating farmers’ access to innovative technologies is a must for the success
of the economic entities in the field on the world market. Most of the innovative technologies
in agriculture are produced by the private sector and target agricultural inputs and equipment
[1]. Most technological innovations have been created to help farmers increase the productivity
and quality of agricultural production. The latest challenges of innovation are to reduce the
impact on the environment [2]. The study of Dogliotti et al., [3] highlights the importance of
innovation in agriculture for increasing productivity in this sector.

Economic actors in the field are directed to innovate and integrate into national and
international innovation networks to increase their economic performance and market
competitiveness. For example, at European Union level, through the programs of the Common
Agricultural Policy 2014-2020, farmers and other actors in the field (processors, research
organizations, consultants etc.) can access non-reimbursable financing for investing in
innovative technologies and receive compensatory financing for practicing technologies that
are environmentally friendly.
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The development of agriculture through innovation implies the adoption of a
multidisciplinary strategy which will lead to the cohesion between technological, economic,
social, cultural and environmental problems [4]. One of the main features of agriculture
compared to the other sectors of the economy is the increased dependence on natural factors,
such as climate and biological factors. In this regard, we can say that the statement of Brian
Brett: “the profession of the farmer is a profession of hope” is fully true. An essential role of
innovation in agriculture is to reduce dependence on natural factors that are difficult to control
[5].

The agricultural sector in Romania is having difficulties in the process of exploiting its
potential, under the influence of technical, economic, social and political challenges. Thus,
according to the SWOT analysis presented in the National Program for Rural Development
2014-2020, the following factors were identified which press on the potential for the
development of the Romanian agriculture: i) low agricultural yields, especially at the level of
small and family farms; ii) high weights of farmers without agricultural training at the level of
small farms; iii) high levels of aging of farmers; iv) low degree of integration of agricultural
production at the farm level through the processing and marketing of processed products; V)
low degree of technical endowment of the farms etc. These unfavourable situations specific to
non-commercial, family farms, bring down the overall performance of the Romanian
agricultural sector and, moreover, contributes to a distorted image of the real potential and
performance of this economic sector, with a strategic importance for Romania’s development.
The aim of the research is to answer the following question: What innovation potential has the
Romanian agriculture?

Material and Methods

To answer the research problem, the following research methods were used in the paper:
documentary analysis; statistical analysis; method of comparison.

The documentary analysis was performed on the research studies, reports and statistical
publications. The statistical analysis involved the collection and processing of the statistical
data provided through the Statistical Yearbooks of Romania and the Eurostat Database, by
2006-2016. From the qualitative analysis, the indicators of appreciation of the resources and
the innovative potential of the Romanian agriculture were compared with the situation at
European Union level — EU 28, from 2016.

Results and Discussions

For a competitive Romanian agriculture, on the European and international markets,
investments in research — development — innovation and active measures to increase farmers’
access to information and knowledge are needed. The innovative process in agriculture involves
the mobilization of financial, human, technical, organizational and information resources, to
obtain new or significantly improved products or processes.

Research and development expenditure in agriculture

The evaluation of the innovative potential of agriculture in Romania had as a starting point
the analysis of the financial resources allocated to investments and research-development
activities (R&D). The R&D activities of the Romanian agriculture requested in 2016 financial
resources worth 42.43 million euros, representing 0.73% of the gross added value of agriculture
(5.8 billion euros) (Fig. 1).
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Fig. 1. Dynamics of research and development expenditures in the field of agricultural sciences in Romania,
between 2006 and 2016 (mil. euro) (Eurostat data)

Between 2006 and 2016, the value of research and development expenses (R&D) decreased
by 38.16%, and their structure by source of origin has undergone considerable changes. Thus,
by 2010, the business sector contributed over 50% to the value of R&D expenditure, and since
2011, the largest contribution has been the government sector (over 60% of the total R&D
expenditure), which can influence negatively the performance of innovative activities in
agriculture, according to specialized studies [6], [7]. According to Eurostat, at the European
Union level, 5.50% of the agricultural gross value added (GVA) is invested for activities in the
field of agricultural research, development and innovation (RDI) of new processes and
products. The highest investment rates in RDI activities for agriculture, over 10% of GVA, are
registered in the Scandinavian countries (Finalnda, Sweden and Denmark). The policy in the
field of research at European Union level is to boost the activities of the R&D within the
economic entities and to increase their contribution to the development of the economy through
innovation.

The human potential for innovation in Romanian agriculture

The human resource is the active element that mobilizes all other resources that determine
the innovation potential of the agricultural sector.

A first indicator of qualitative evaluation of the human resource in agriculture is the degree
of qualification in the field of the head of the commercial agricultural holding, with an exploited
area of more than 100 hectares (Fig. 2). In 2016, 55.12% of the commercial holdings in
Romania are headed by managers without any theoretical training in the field, twice as much
as the European average (28.15%) (Fig. 2). We also note that about a quarter of the managers
in Romania (22.26%) have completed specialized university studies, representing 83.65% of
the European Union average (26.61%). Accordingly, at both European and Romanian level,
approximately one in four farm managers with more than 100 hectares has complete agronomic
studies, which shows a good potential for development and innovation in agriculture. This
conclusion is supported by research in the field, which reflects the strong direct link between
the degree of education in the field and the manager’s ability to change, integrate science and
innovation into agricultural production processes [8].

According to the specialized literature, a relevant indicator for the evaluation of the human
resources of R&D is represented by the weight of the research personnel in the employed
population in the analysed activity sector [9]. In our study, the percentage of persons with higher
education or who are employed in the agricultural scientific and technological field was
calculated, in the total number of remunerated persons employed in agriculture. In Romania, in
2016, there were 76,500 thousand persons with agricultural higher education or employed in
the field of agricultural research and technology (Fig. 3), representing 38 persons to every 100
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persons economically employed in agriculture, with only 2% less than the average. European
Union (39 persons/100 persons economically employed in agriculture).
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Fig. 2. Structure of commercial farms according Fig. 3. Dynamics and structure of the personnel
to the agricultural qualification of the head of employed in the field of agricultural science and
the farm in Romania and the EU (2016) technology in Romania, between 2006-2016
(processing after Eurostat) (thousands) (processing after Eurostat)

The personnel with higher education who is employed in the field of agricultural science and
technology, was composed of 38.20 thousand people in 2016, increasing by 60.50% compared
to 2006 (23.8 thousand people). From the analysis of the human resource, it has emerged that
there is a high human potential that can contribute to the development of the Romanian
agriculture, by carrying out research and innovation activities in public or private organizations.

R&D organisations and infrastructures

Research institutes and institutions of higher education in the field of agriculture are the main
economic actors that invest in agronomic research in Romania.

According to National Register of Research and Development Infrastructures ERRIS, at the
end of 2018, in Romania, 105 public and private research infrastructures were registered in the
field of agronomy and plant breeding. The research infrastructures are located mainly in the
Bucharest-Ilfov Region and the Central Region (80% of the total), these being the most
economically developed regions in the country. At the research infrastructures level, were
identified more than 700 research services are provided, such as: i) testing of varieties and
hybrids; ii) soil analysis; iii) physico-chemical analyses of agricultural products; iv) physico-
chemical analyses of fertilizers and pesticides; V) testing the agrobiological potential of plants,
etc.

The agriculture of the future is dependent on the information flows regarding the new
production technologies, the pedo-climatic conditions, the market of agricultural inputs,
markets, financial markets, etc., and the agricultural entrepreneurs must be connected in real-
time to this information.

Numerous studies have confirmed the positive impact of cooperation on increasing
innovation performance, as measured by the share of innovative products and processes
launched on the market [9], [10]. However, at the level of the Romanian economy, the relations
between the economic environment and the research organizations are still very weak.

An important organizational resource for the innovation process in Romania’s agriculture is
the cluster innovation partnerships. The cluster represents a social community specialized in
the creation and transfer of knowledge, respectively, constitutes a network of independent
economic actors that share the same geographical area and market segment in order to meet
common strategic objectives, including innovation [10]. The clusters accumulate three
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economic actors and their interests: i) enterprises — with the interest of having access to
innovation, information, and technology; ii) research organizations — with the interest of
capitalizing on the research results; iii) the government — with the interest of increasing
employment and community wellbeing. In 2018, at national level, 12 clusters were active in the
field of agriculture, bioeconomy and the agri-food industry, according to the European Cluster
Collaboration Platform (ECCP).

Enterprises adhere to innovation clusters out of desire to improve economic performance, to
change and innovate, through an attitude of openness and cooperation [6]. The advantages of
the economic entities involved in these partnerships consist in the access to high quality RDI
services (for example, the elaboration of soil studies with state-of-the-art equipment, by the
research institute partner), the transfer of scientific information from the research environment,
access to networks of suppliers of agricultural inputs and new markets. Farmers specialized in
various branches of agriculture have common interests in the fields of production, market, and
innovation.

Increasing the efficiency of agricultural activities is based on farmers’ interaction with new
technologies and their ability to position themselves in an information flow. Access to
information and integrated cooperation networks (such as innovation clusters, technology
parks) determines a better anchorage of farmers to the current economic reality, having an
impact on the growth of economic performances.

Conclusions

Thus, the main conclusions of the study are: i) the weak involvement of the private business
environment in RDI activities can be influenced by the lack of confidence in public research
organizations, by a high bureaucracy in the public system, by the conservatism of farmers and
by the lack of specialized education for 55% of agricultural managers; ii) the growing human
resource can ensure the revitalization of agronomic research, by initiating and actively
involving in public or private research projects, funded by non-reimbursable grants; iii) the
existence of over 100 research and innovation infrastructures in agricultural sciences, which
provide about 700 types of specialized services, is a pillar of agricultural research development;
iv) the development of a cooperation network between the research environment and the
business environment in the Romanian agriculture, through partnerships such as innovation
clusters, is the key element of increasing the competitiveness of the agricultural sector in
Romania.
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Abstract

The research object of this study is the agricultural soils of the Republic of Moldova. From
an economic point of view, they are attributed to the field of phytotechnics and soil resources
in the agricultural economic sector. Greenhouse gas (GHG) emissions from agriculture have
three major sources of origin: enteric fermentation, manure management (both in the livestock
sector) and agricultural soils (in the sector of plant and soil resources). The 2010 year was
determined as the reference year for projections of CO> emissions/seizures from agricultural
soils in the Republic of Moldova. For modelling future emissions, the results of national
inventory of greenhouse gas emissions for 1990-2012 were used as a basis. The projections of
CO> emissions from groundwater were developed for 2015, 2020, 2025 and 2030 after some
scenarios. The Table 3 presents the prospecting on the areas to be applied in the Republic of
Moldova to the agricultural conservative systems in the period until 2030. Changing the use of
agricultural land and soil management practices can greatly influence the organic carbon
reserves in the soil. Carbon of organic origin and nitrogen are closely related to the organic
matter (humus) content of the soil. In the case of soil carbon losses, mineralized nitrogen is
considered as an additional source of nitrogen available to convert to direct greenhouse gas
emissions.

Keywords: crop rotation, greenhouse gas emissions, soil carbon leakage, Republic of Moldova
Introduction

The carbon cycle has a decisive role in the global changes in the environment with which
the rest of the cycles are closely linked, as well as the climate-dependent climate change. The
carbon cycle in terrestrial systems is determined by the balance between the carbon dioxide
stored in the vegetal carbon and the amount of CO>2 emitted mainly through the respiration
process of the soils. Soil respiration is the most important source of CO> and other greenhouse
gases. This can be illustrated by the fact that only 10% of total CO2 emissions are responsible
for industrial CO; emissions, while the rest of the bio-systems, with the predominance of soils,
is 90% [16]. Organic matter, stored in humus and dead biomass in the planet’s soils, contains
three times as much carbon as all terrestrial vegetation [8]. Each year soil releases 4-5% of its
carbon in the atmosphere by transforming organic matter into CO2 and other compounds due to
biochemical mineralization processes.

This phenomenon is characteristic for other countries as well as for the Republic of Moldova.

Research carried out by various authors has shown that chernozems of Moldova 100 years
after recovery have lost as much as 25% of the CO» — accumulated carbon dioxide [11, 12, 17]
as well as Canada’s soils. Multiple researches carried out abroad and in the Republic of
Moldova found that the exploitation and exploitation of soils in agriculture necessarily lead to
the gradual decrease of the microbiological activity of the soils and consequently to the
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reduction of the CO; emissions from the agricultural lands [4, 9, 13, 15, 16]. Namely, the value
of the CO» balance in arable soils considered their contribution to the increase in the atmosphere
of this gas and its contribution to the phenomenon called greenhouse effect.

Methodology

Until now, no valid method has been developed to determine greenhouse-gas emissions from
arable land that could be applied on large areas. Research carried out in the Republic of
Moldova and other countries determined that the CO> emissions in the soils used are 2.0-2.5
times lower than those covered with natural vegetation. Hence, agricultural land, unlike land
with natural vegetation, is characterized by a negative carbon footprint, which is why it can be
seen as a source of CO; with the contribution to greenhouse effect and climate change.

Measuring CO; emissions from agricultural soils that lead to anthropogenic interference in
the atmosphere is of particular importance for predicting climate change in view of the
enormous amount of carbon stored in the organic matter of the soils.

From a methodological point of view, this is very difficult because the carbon circuit in
agrofitocenoses is influenced by multiple natural and anthropogenic factors, often very variable
in space and time. In the country and abroad literature, a large amount of data on soil respiration
has accumulated according to the most diverse natural and anthropogenic factors, but there is
virtually no research that would highlight carbon emissions that remain uncompensated. Here
we have to mention that a universal method in this sense usable for all possible cases cannot be
elaborated because the factors that influence the carbon circuit are multiples and quite
frequently have a regional or even local character.

It is also worth mentioning that changes in humus in the ground where carbon is deposited
are slow, that the changes produced can be measured significantly with a long period of time
(5-10 years). The method is similarly appreciated by Canadian researchers, although this
country has a network of 15 000 polygons that carries out carbon monitoring in soils [5].

The possibility of using the nitrogen exported from the soil to the agricultural plants for the
appreciation of the humus consumed was based on the academic I.V. Tiurin [ 14], then the idea
was concretized by A.M. Lacov [13]. In the soils of Moldova, the ratio of carbon and nitrogen
in humus is equal to 10.7, ranging from 10.1 to 11.3 [11, 12]. This ratio is characteristic of the
upper soil layer and slightly decreases to greater depths.

The elaborated methodology follows the purpose of assessing the greenhouse gas emissions
from agrofitocenoses taking into account the agricultural lands of the Republic of Moldova.

Data from the universal and local scientific literature, including recent information [7, 9, 15],
were used in the development. The field works were carried out according to the methodology
of pedological field research. Laboratory analyses were performed according to classic methods
and standard.

The carbon balance is determined for the area occupied by each crop:

B+=(V-C)*S (1)

B — carbon balance; V — carbon entering the soil by humification of vegetable residues and
organic fertilizers; C — carbon released from the soil through CO» emissions as a result of humus
mineralization; S — the area occupied by the crop, ha.

The amount of carbon entering the soil (V) is determined according to the equation:

V=VI1+V2 )

V1 — carbon entering the soil with vegetal remains; V2 — carbon entering the soil with
organic fertilizers.
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The amount of carbon entering the soil with vegetal debris (V1) is equal to the result obtained
from the multiplication of the basic crop with the accumulation and humification coefficients
of the vegetable residues divided by the coefficient of 1.724 for the transition from humus to
carbon. For this purpose, the data in the annex is used. The amount of carbon entering the soil
with the applied organic fertilizers (V2) is equal to the result obtained from the multiplication
of the dose with the respective humification coefficient (appendix) and divided by the
coefficient 1.724 for humus to carbon. The sum of the results (V1 + V2) considered your carbon
bound (entrained) by the soil into humus (V).

The amount of carbon released from the soil is estimated by the equation:

C = [Er - (Em+Eo+ Ev+ Es)] 1112107 (3)

Er — the amount of nitrogen exported with the crop production (main and secondary) is
determined by multiplying the main crop of the crop by that coefficient in the Annex; Em — the
amount of nitrogen exported from the chemical fertilizer account; Eo — the amount of nitrogen
exported from organic fertilizers; Ev — the amount of nitrogen used in plant debris; Es — the
amount of symbiotic nitrogen exported from the soil; r1 — the coefficient expressing the
dependence of humus mineralization on the soil granulometric composition; r> — the coefficient
expressing the dependence of the cultivation of humus mineralization; 10.7 — the nitrogen
passage in carbon.

Results and Discussions

The imbalance in agrofitocenoses between soil mineralization processes and those
responsible for the synthesis of humus is well demonstrated by the data presented in the
fundamental work “The Basics of Soil Science”, the author of which is V.A. Covda [10]. The
negative (carbon footprint) in the measured soil considered the contribution of the soil to
greenhouse emissions. In Tables 1 and 2, prospects for nitrogen, organic and green chemical
fertilizers (sidereal crops) are submitted to 2030.

Table 1. Prospects regarding the application of natural nitrogen and organic chemical fertilizers

in the Reiublic of Moldova in the ieriod 1990-2030, thousand tones N
Name

SLB (baseline scenario)

Chemical fertilizers, 92.10 | 10.51 | 10.24 | 16.10 | 20.63 | 24.99 | 34.05 | 55.00 | 59.40 | 90.00 | 99.90
nitrated, FSN

Natural organic fertilizers, 54541996 | 047 025 |0.10 |0.18 |0.13 |0.28 |0.84 |252 |4.20
FON

SM (scenario with measures)

Chemical nitrate fertilizers, | 92.10 | 10.51 | 10.24 | 16.10 | 20.63 | 24.99 | 34.05 | 45.00 | 49.50 | 77.50 | 86.00
FSN

Natural organic fertilizers, 54541996 | 047 |025 [0.10 |0.18 |0.13 |049 |1.68 |504 | 10.08
FON

SMA (scenario with additional measures)

Chemical nitrate fertilizers, | 92.10 | 10.51 | 10.24 | 16.10 | 20.63 | 24.99 | 34.05 | 37.50 | 42.50 | 70.00 | 80.00
FSN

Natural organic fertilizers, 54.54 1996 | 047 |025 |[0.10 |0.18 |0.13 |056 |252 |6.72 |11.76
FON

In natural steppe phytocoenoses annual phytomasium production accumulates 10 t/ha of
carbon, of which 1.04 t/ha is stored in soil humus as a result of humification processes.
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In agrofitocenoses, the amount of carbon in the crop production reaches only 2 t/ha, of which
0.16 t ha is stored in humus. The annual amount of carbon stored in the humus “input” in natural

phytocoenoses is 6.5 times higher than agrofitocenoses.

Table 2. Prospecting for Green Fertilizer Applications in the Republic of Moldova 1990-2030, thousand tones N

Name

| 2030 |

SLB (baseline scenario)

Areas where green fertilizers will be applied — autumn vetch,

thousands of ha 0 0 2 >0 75

Ground green vetch embedded in the soil, thousands of tons 0 0 500 1000 | 1500

Green fertilizers transferred to equivalent organic fertilizers, 0 0 700 1400 | 2100

thousands of tons

Green fertilizers — F siperar thousands of tons N 0 0 3.92 7.84 11.76
SM (scenario with measures)

Areas where green fertilizers will be applied — autumn vetch, 0 25 50 75 100

thousands of ha

Ground green vetch embedded in the soil, thousands of tons 0 500 1000 | 1500 | 2000

Green fertilizers transferred to equivalent organic fertilizers, 0 700 1400 | 2100 | 2800

thousands of tons

Green fertilizers — F siperar thousands of tons N 0 392 | 7.84 11.76 | 15.68

SMA (scenario with additional measures)

Areas where green fertilizers will be applied — autumn vetch, 0 50 75 100 150

thousands of ha

Ground green vetch embedded in the soil, thousands of tons 0 1000 | 1500 | 2000 | 3000

Green fertilizers transferred to equivalent organic fertilizers, 0 1200 | 2100 | 2800 | 4200

thousands of tons

Green fertilizers — F siperar thousands of tons N 0 7.84 11.76 | 15.68 | 23.52

In the case of baseline scenario (SLB), the prospecting was carried out on the basis of the
information available in the New Land Recovery and Soil Fertilization Program [1, 4].

For scenario with measures (SM), the prospecting was based on the Soil Fertility
Conservation and Enhancement Program for 2011-2020, the National Development Strategy
“Moldova 2020 and the National Strategy for Agricultural and Rural Development for the

years 2014-2020.

With reference to scenario with additional measures (SMA), the recommendations of good
practices on sustainable development of the agricultural sector as well as the draft version of
Moldova’s low-emission development strategy were taken into account until 2020 [2, 3, 4].

With respect to green fertilizers (autumn vetch as an intermediate crop), the following basic
parameters were taken into account: average green weight - 80%; average nitrogen content in
the green mass — 0.8%; average productivity — 20 t/ha; 1.4 (or, in other words, 1 tonne of green

lemon meal equivalent to 1.4 tonnes of manure).

It is planned to sow autumn meadows as an intermediate crop used as a green fertilizer, and
crop rotation will be as follows: autumn wheat or autumn barley — vetch as intermediate crop —

corn or sunflower.

The introduction of intermediate crops as a green fertilizer will be carried out in parallel with
the implementation of the farming conservative system (“No-Till” and “Mini-Till”).
Table 3 presents the prospecting on the areas where the agricultural conservative systems

will be applied in the Republic until the year 2030 in Moldova [2, 4, 6].
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Table 3. Prospects for the application of nitrogen fertilizers in the Republic of Moldova
in the period 1990-2030, thousand tones N

Name SLB (baseline scenario)
Areqs where ag.rlcultufal conservative systems will be 0 0 50 100 200
applied, thou ha, including:
wheat autumn 0 0 20 40 70
autumn barley 0 0 5 10 30
maize 0 0 20 40 70
sunflower 0 0 5 10 30
SM (scenario with measures)
Areqs where ag.rlcultufal conservative systems will be 0 50 100 200 300
applied, thou ha, including:
wheat autumn 0 20 40 70 90
autumn barley 0 5 10 30 60
maize 0 20 40 70 90
sunflower 0 5 10 30 60
SMA (scenario with additional measures)
Areqs where ag.rlcultufal conservative systems will be 0 100 200 300 400
applied, thou ha, including:
wheat autumn 0 40 70 90 120
autumn barley 0 10 30 60 80
maize 0 40 70 90 120
sunflower 0 10 30 60 80

In case of extension of the project during the next years, the research polygon will ensure
the planned crop rotation: bushy vines — maize — autumn wheat — autumn barley —
sunflower. Under these systems all plant residues from the basic crop are to remain in the field
for mulching [2]. In the Republic of Moldova, 3 rounds of agrochemical cartoons were carried
out, covering virtually all arable land with a period of 5 years. However, the data obtained
cannot be used to determine carbon balance in soils, and is in many cases contradictory [1].

A network of long-lasting field experiences has been established in the Republic of Moldova
for the development of advanced cultivation technologies for field crops, which studies the
evolution of soil fertility according to various fertilization systems. Experiences are 35-55 years
old and cover all the country’s pedoclimatic zones. The data obtained in this way are qualified
as very approximate and must be compared with direct estimates of the carbon circuit
parameters.

Of those from the total nitrogen exhaust, the nitrogen bound by the leguminous crops, that
is used by plants from industrial and organic fertilizers, vegetable debris is reduced.

An insignificant amount of nitrogen enters the soil with atmospheric precipitations (7 kg/ha),
by nesting (5 kg/ha).

Conclusions

Soils with natural vegetal carpet (natural phytocoenoses) cannot contribute essentially to the
greenhouse effect due to a balanced carbon balance. It should be noted that for the conditions
of the Republic of Moldova the methodology developed can provide satisfactory results.

So, the remediation of the quality and the increase of the production capacity of the studied
soil is possible only by increasing the flow of organic matter into the arable layer. The use of
the vetch as a green fertilizer is an effective way of achieving this genre.
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Abstract

This research was conducted to determine the effects of two biostimulants on some
physiological processes such as photosynthesis and transpiration of three bean cultivars under
salt stress. This study was carried in 2018 at the USAMYV lasi Romania, under greenhouse
condition and the biological material was represented by three bean populations. The
application of biostimulants was done every ten days by foliar spraying throughout the
vegetation period and one week before flowering it began the application of saline treatments
for a 20-day period. We used a saline solution in a concentration of 200 mM. We followed the
pods number, the total chlorophyll content using the CCM plus 200 and the stomatal
conductance using SC1 leaf porometer. The treated plants with biostimulants were adapted
easier to saline stress conditions compared to untreated plants with growth stimulators.

Determinations performed have shown that the treatment with biostimulants has proven to
be very effective to improve the growth and yields of bean plants by attenuating the soil salinity
stress inhibiting effects.

Keywords: salt stress, bean, growth regulators
Introduction

Beans are an important source of protein in developing countries. Dried beans play a
prominent role in the diets of many vegetarians and may contribute to some of the health
benefits associated with this eating pattern. Beans contain a number of polyphenolic compounds
(tannins, phenolic acids, and flavonoids) that may confer a variety of health benefits [1].

Salinity is one of the most significant environmental challenges limiting plant productivity,
particularly in arid and semi-arid climates [2]. Salinity in irrigation water and in soils is one of
the major abiotic constraints on agriculture worldwide, and the situation has worsened over the
last 20 years due to the increase in irrigation requirements in arid and semi-arid regions [3].

Many physiological and agronomic practices have been performed to improve salt stress
tolerance in different crops including traditional breeding programs. However, commercial
success has been limited. As alternatives, plant growth regulators and antioxidants, plant
biostimulants/extract and humic substances have been widely applied for agricultural crops to
mitigate the detrimental effects of environmental stresses including salt stress [4].

Biostimulants contribute to plant nutrition, they have positive effects on plant growth, but
also on abiotic and biotic stress tolerance [5]. Biostimulators aim at minimizing the influence
of unfavourable stressors on crops, stimulating their growth, development, and enhancing the
size and quality of the yield ([6], [7]). This particularly concerns abiotic factor sensitive plants
such as bean [8]. In plants, salt stress is a factor that affects plant growth and metabolism [9],
that why we need to find the solutions to create plants that are tolerant to salt stress.

50



Filodiritto Editore — Proceedings

Methodology

This study was carried in 2018 at the USAMYV Iasi Romania, under greenhouse condition
and the biological material was represented by three bean populations collected from the
central-eastern region of Romania, the locality Luncani. For easier use the genotypes were
noted with L1, L2 and L3, by the name of the area where they come from. The bifactorial
experience was conducted in a pots experiment in randomized blocks with three repetitions.

The application of biostimulants (Cropmax and Atonik) was done every ten days by foliar
spraying throughout the vegetation period and one week before flowering it began the
application of saline treatments for a 20-days period. We used a saline solution in a
concentration of 200 mM. For easier use the treatments were noted with 200 mM (plants
watered with saline concentration 200 mM), ATx200 (plants sprayed with Atonik and irrigated
with saline concentration 200 mM), CRx200 (plants sprayed with Cropmax and irrigated with
saline concentration 200 mM).

Atonik is the oldest biostimulator of growth and fructification in the world, being intensively
used by farmers in over 70 countries on 5 continents. Its unique polyphenol composition has,
among many others, a role in the proliferation and growth of livers, photosynthesis, flower
fertility and fruit formation, even in conditions of biotic and abiotic stress.

Cropmax is a growth stimulator for all types of crops. Its activity is based on the combination
of microelements, amino acids, vitamins and polysaccharides. Cropmax is highly concentrated,
100% organic and is suitable for application to all agricultural and horticultural crops. We used
0.3% solutions of Atonik and Cropmax, that we applied in double spraying of plants.

Research was focused on the influence of saline treatments on bean plants which was sprayed
with growth regulators by foliar way. We followed the pods number, also we determined the
total chlorophyll content using the CCM plus 200 and the stomatal conductance using SC1 leaf
porometer. All the results compared to control, where plants were treated with water. The
results were analysed with Anova correlations, and the interpretation was done after Colton
(1974) [3].

Results and Discussions

The application of saline solutions started one week before flowering and continued until the
emergence pods. We observed the influence of saline stress on photosynthesis and fruiting
processes, but at the same time the interaction between biostimulants and the saline solution of
200 mM concentration.

To observe the influence of saline stress on plants sprayed with biostimulants on the
photosynthesis process, we determined the chlorophyll content index (CCI) and the stomatal
conductance. Regarding the total chlorophyll content, is noted the genotype L3 from the variant
ATx200 with the highest value (15.87 CCI). A similar behaviour was also observed in the L2
cultivar variant CRx200, in which also the chlorophyll content was higher (fig.1) than in the
other comparative groups, which demonstrates the positive interaction between genotype and
the active substances from the biostimulants. These substances contribute to the manifestation
of a strong reaction of adaptation to the conditions of saline stress for these local populations.

Compared with the values of the control group, the plants watered with saline solution of
200 mM had lower values, the differences being between 3.63 and 4.24 CCI. Also, compared
to the ATx200 and CRx200 variants, the plants of the 200 mM variant had lower values. The
results show us that the local populations taken into the study had low values of the chlorophyll
index. This indicates a low degree of tolerance to salinity, also the plants had in a short time
ionic toxicity phenomenon that correspond to the occurrence of chlorosis and foliar necrosis
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specific to salinity sensitive plants ([10] [11]), but by the prior spray with biostimulators they
show an increase of the tolerance to salinity.

In this situation the biostimulators by their composition contribute to maintaining a state of
homeostasis at the level of chloroplasts. In this situation, the variants ATx200 and CR x200 had
values of total chlorophyll content close to or greater than the control group, which indicates
that the plants created a high tolerance mechanism for the action shown by the increased
salinity. These results highlight the importance of biostimulatory application under saline stress
conditions, which contribute to increasing tolerance to this type of abiotic stress.

The foliar stomatal conductance was determined using the porometer. This device is used to
measure the water vapor flow between the leaf stomata and the outside, which is a direct
indication of the aperture and therefore the stomata conductance. Thus, by direct measurements
on the leaves can be found very important information regarding the hydric stress of the plants,
the capacity of photosynthesis, or the exchange of gases with the atmosphere (0O2/CO») [12].

The plants from the 200 mM group had lower stomatal conductance values than the control
group (Fig. 2), that indicating the movements of the stomata are affected by the osmotic effect
of saline stress [13].
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Fig. 1. Effect of growth regulators on chlorophyll Fig. 2. Effect of biostimulants on stomatal
index of bean plants under salt stress conductance of bean plants under salt stress

To reduce transpiration, the stomata are partially closed and the conductance values
decrease. Significant reduction in transpiration rate was observed in salt stress conditions. The
stomatal conductance also had lower values for variants that were prior sprayed with
biostimulators, but the differences from the control group are smaller, which shows a higher
adaptation capacity to the saline concentrations. The L1 genotype of the CRx200 variant and
the L2 genotype of the ATx200 variant are noted to have the highest values of stomatal
conductance, fact that configures a positive interaction between these genotypes and the
biostimulators used, generating a higher adaptation mechanism to saline stress. Application of
growt regulators, might improve the salt tolerance of bean variety by reducing the uptake of
Na' ion and improve the capacity to absorb water by increasing in osmotic component of soil
water potential [14]. The foliar exchange of gases is achieved through the stomatal movements.

This is crucial for the process of acquiring carbon dioxide, which is directly linked to the
photosynthetic production of biomass, as well as to the control of sweating in order to maintain
the water balance [15].

As can be seen from the Fig. 3 according to the correlation coefficient described by Colton
(1974) between the number of pods/plant and the stomatal conductance there is a correlation
coefficient (r=0.36) with an acceptable degree of association. This correlation coefficient
corresponds to a coefficient of determination R> = 0.13, which shows that 13% of the data
demonstrate a linear dependence between the number of pods and the stomatal conductance.
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The results showed that the number of pods per plant was higher in the plants treated with
growth regulators, and the most affected were the plants in the group treated only with 200 mM
saline. The saline treatments applied before flowering differently influenced the number of pods
per plant depending on genotype but also on the interaction with the biostimulators. It is noted
that the plants that were first treated with biostimulators (Fig. 4) behaved much better under the
influence of saline stress compared to the local populations that were not prior sprayed with
biostimulators, which indicates that the active substances in biostimulators improved the
tolerance of the local populations to saline stress.
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Fig. 3. Correlation between the pods number of Fig. 4. Effect of growth regulators on the number of
plants and the stomatal conductance pods per bean plant under salt stress

Comparing the results, we can see that the values recorded are higher in the group ATx200
mM except for the local population L2, in which the witness recorded the highest number of
pods per plant. The fact that the plants in the ATx200 group showed these high values indicates
that the polyphenol composition in Atonik determined the concentration of vacuolar juice for
better water absorption. At the same time, we can consider that the active substances in the
composition of this biostimulator have increased the capacity of vacuolar storage of excess
sodium and chlorine ions, so that the beans plants treated with biostimulators they were better
adapted to the saline stress conditions, maintaining their water status at normal parameters. In
this case the physiological processes were not disturbed, and the production of pods per plant
was not negatively influenced by the high concentration of NaCl used in the experiment.

The variant untreated with biostimulators, but subjected to saline stress, registered a
significant decrease of production both in comparison with the control variant and in
comparison, with the plants in the variants ATx200 and CRx200, this behaviour is explained
by the fact that the sodium and chloride ion have exceeded the maximum allowed level storage
in the vacuoles. These ions migrated to the other cells and affected them. At these plants could
also be observed the phenomenon of abortion of flowers. We noticed that besides the
diminution of the production in the plants subjected to the saline stress there was observed a
qualitative depreciation of it. The values we obtained indicate that biostimulators caused a high
degree of salinity tolerance printing.

Conclusion
Biostimulators by their composition contribute to maintaining a state of homeostasis at the

level of chloroplasts. Atonik and Cropmax biostimulators maintained a balance of
photosynthetic pigment content.
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The stomatal conductance had lower values for variants that were prior sprayed with
biostimulators, but the differences from the control group are smaller, which shows a higher
adaptation capacity to the saline concentrations.

Results showed that the number of pods per plant was higher in the plants treated with growth
regulators, and the most affected were the plants in the group treated only with 200 mM saline.

The biostimulants used increased the tolerance to salt stress for all 3 local populations of
beans studied.
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Abstract

Soil tillage represent important measures to ensure water content, fertility, air control, soil
temperature and improve the physical and chemical properties of the soil. The experiment was
conducted at the Didactic Station of the University of Agricultural Sciences, lasi-Ezareni Farm,
between November 2016 and July 2018. Four crops were cultivated, under conventional and
conservative tillage systems: winter wheat, rapeseed, maize and sunflower, in a four years
rotation. Two variants of soil tillage systems: no-till and conventional tillage were investigated.

Bulk density and soil aggregates water stability for winter wheat crop were analysed. In
order to determine the main physical properties such as bulk density, soil samples were
collected in 10 cm increments, from 0 to 40 cm depth: 0-10, 10-20, 20-30 and 30-40 cm, at
sowing and right after harvesting. To determine the influence of soil tillage systems on water
stable aggregates with diameter >0.25 mm, referring only to aggregates from the 1-2 mm
fraction, samples from seeding and harvesting were analysed, from 0-10, 10-20, 20-30, 30-40
cm depths. The determinations during the two experimental years showed that the values of the
studied indices have increased from a year to another, in both variants of soil tillage. The
purpose of this study was the to quantify the effect of tillage systems on physical properties of
the soils, for winter wheat crop.

Keywords: no-tillage, bulk density, water stable aggregates
Introduction

Bulk density has a direct effect on soil properties, such as porosity, available water content,
organic matter content and hydraulic conductivity, and has an indirect effect on other properties,
such as root growth and agricultural production [1].

Soil tillage represent one of the fundamental practices of agricultural management, being the
procedure by which man disturbs, overturns and rearranges the soil to create favourable
physical conditions for the growth and development of crops. Most soil tillage operations
involve altering the bulk density, pore size distribution, water holding capacity, infiltration rate,
and soil erosion [2].

Soil physical chemical properties are critical indicators for soil health assessment. By
changing the physical conditions of the soil, including water content, soil temperature, soil
structure can be also changed [3].

Conventional tillage involves subsoiling, harrowing and plowing operations and causes
severe soil disturbance down to a 40 cm depth. This intensive tillage results in faster oxidation
of organic matter [4], reducing soil stability and adversely affecting soil porosity matrix [5].
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The tillage system employed also affects soil moisture, and conservationist systems are more
beneficial to soil water retention than conventional tillage systems, by promoting higher water
infiltration in the soil [6].

Intense tillage can increase surface soil compaction, reduce aggregate stability, disrupt
surface vented pores, decrease retention and transmission of water and solutes, and exacerbate
losses due to runoff and erosion. Intense tillage may also deplete SOM as a result of the
increased rate of organic carbon mineralization following tillage as well as contribute to erosion
loss and reduced cycling of organic matter through crop removal. Soils under no tillage (NT)
management systems tend to become more porous with time due to the creation of a more stable
soil structure, an increase in the SOM pool and an increase in the number of biopores directly
connected to the soil surface. Higher infiltration rate measured in NT compared with
conventional tillage (CT) may be attributed to macropore flow and reduced surface sealing
under the mulch [7].

Methodology

The experiment was established in 2014 at the Didactic Station of the University of
Agricultural Sciences, lasi-Ezareni Farm in the NE part of Romania (47°07'36" N, 27°30'45"
E), 125 m altitude on a clay-loam Cambic chernozem, 6.8 pH, humus content of 2.7% and
average level of fertilization, no irrigation. The present study focuses mainly on the agricultural
years 2016-2017 and 2017-2018.

In order to determine the influence of tillage on bulk density (Bd) and water stable aggregates
(WSA) for winter wheat (Triticum aestivum L.), we investigated two tillage treatments: no-till
(NT) and conventional tillage (CT), registered at the sowing and harvest, between november
2016 and July 2018.

In CT, the topsoil (0-20 cm) was ploughed immediately after harvesting the previous crop.

Next, the disc harrow GD 3.4 was used two times on the ploughed soil and the seedbed was
prepared on the same day as the sowing, on 7" of November 2016 in the first year of experience
and at 28" September 2017 in the second year of experience, using the Kompactor cultivator +
Valtra tractor (200 HP). In CT the SUP 15 sowing machine was used + Goldoni tractor (50 HP).

The winter wheat variety was Izvor, at a rate of 280 kg/ha. In NT, the sowing was made in
the same day, using FG 150-FABIMAG seed drill, at 17.5 cm between rows, using the same
sowing rate as in CT.

Bd was determined on four depth intervals: 0-10 cm, 10-20 cm, 20-30 cm and 30-40 cm,
from undisturbed soil samples, using steel rings (5 cm in diameter and 5.1 cm in height, with a
total volume of 100 cm® per sample). The soil samples were collected from three points,
diagonally from each plot and three replications for every depth interval.

To determine water stability aggregates (WSA), on samples collected from 4 layers as
follows: 0-10 cm, 10-20 cm, 20-30 cm and 30-40 cm, an average soil sample weighing 1 kg,
from each horizon studied, was air-dried for 48 hours, it was screened to extract the aggregates
with a diameter between 1-2 mm, then 4 grams of soil were taken which were saturated capillary
by spraying, and then the sample was subjected for three minutes to a wet sieving process in
distilled water, during which the aggregates that did not have water stability dissociated. The
soil that remained on the site was washed for 10 min. in a solution of 2% NaOH (in the situation
of acid pH soils). The stainless-steel cans with soil resulting from the two washing processes
were introduced in the oven at 110°C for 8 hours, finding the amount of soil completely dry,
with and without water stability.

The data were correlated with the rainfall and temperature registered at the Ezareni Weather
Station belonging to USAMYV Ilasi (www.fieldclimate.com).
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Table 1. Temperature and rainfall regime, lasi (2016-2018)

Rainfall (mm) Air temperature (°C)
Iasi Multi- Deviation Iasi Multi- Deviation
annual annual
Month
2016/ | 2017/ | average | 2016/ | 2017/ | 2016/ | 2017/ | average | 2016/ | 2017/
2017 | 2018 of 50 2017 | 2018 | 2017 | 2018 of 50 2017 | 2018
years years

September 10.2 1232 |27.2 -17.0 | 4.0 18.3 17.2 15.9 2.4 1.3
October 212.0 | 62.4 | 24.6 18741378 |8.1 10.9 | 10.2 2.1 107
November | 69.8 |342 |29.2 40.6 | 5.0 4.0 5,9 4.9 -0.9 1.0
December | 20.6 | 482 |474 -26.8 | 0.8 0.3 3.0 -0.6 0.3 1.9
January 6.7 18.8 58.0 -51.5 1-392 | 49 -0.8 -2.7 -2.2 2.8
February 13.8 24.8 82.7 -68.9 | -57.9 | -0.8 -1.8 -1.2 -0.4 -0.6
March 107.0 | 56.8 | 76.5 30.5 | -19.7 | 8.0 1.2 3.7 43 -2.5
April 140.4 | 18.0 | 52.2 88.2 |-34.2 | 10.1 154 | 10.6 -0.5 1438
May 72.8 |16.8 | 45.6 272 |-28.8 | 16.1 18.7 | 16.5 -04 |22
June 71.6 | 216.0 | 32.1 39.5 183.9 | 21.1 20.8 19.9 1.2 0.9
July 84.4 136.6 | 33.5 50.9 103.1 | 21.6 21.3 21.6 0.0 -0.3
August 61.8 1.2 27.4 344 ]-26.2 | 219 22.6 | 20.9 1.0 1.7
Total 871.8 | 657 536.5 334.6 | 120.5 ] 10.31 | 11.20 | 9.96 035 | 1.61

The agricultural year 2016-2017 can be considered a rainy year, registering a surplus rainfall
regime with an amount of 334.6 mm above the multi-annual average recorded in lasi, thus
creating good conditions for plant growth and development.

Analysing the total quantities of precipitation recorded during the agricultural year 2017-
2018, we observe that during the whole year there were 657.0 mm, with a deviation of 120.5
mm higher than the multi-annual average in the area.

Regarding the temperature registered in the agricultural year 2016-2017 we observe that the
average annual temperature did not differ much from the multiannual average, the deviation
being +0.35 °C. In terms of temperatures, the agricultural year 2017-2018 was warm, with an
annual average of 11.2 °C compared to the multiannual average, which is 9.96 °C, the average
deviation is + 1.6 °C higher compared to the one recorded in the previous year.

The ANOVA test was used to evaluate the significance for a randomized complete block
design with three replicates. Treatment means were separated by the least significance
difference (LSD) test and all significant differences were reported at 5%, 1% and 0.1%.

Results and Discussions

Regarding the Bd variation for the winter wheat crop (Table 1), it had the lowest value, as
an average of the 4 analysed depths, registered at the sowing in the no-tillage variant (1.31
g/cm®) and the highest value at harvest for the conventional tillage (1.54 g/cm?).

Analysing the Bd values for the wheat crop, they slightly increased during vegetation for
both soil tillage systems. The average data obtained at the sowing for the 0-40 cm soil layer,
showed a higher value of Bd for the no-tillage (1.36 g/cm®) compared to conventional tillage
where the average was 1.31 g/cm’.

At wheat harvesting, it is noted that Bd recorded the highest value, as an average of the 4
depth intervals, for the conventional soil tillage system (1.55 g/cm?) while in the no-till variant,
the average on the four soil layers was 1.45 g/cm®. In the agricultural year 2017-2018 (Table 2)
the results obtained at sowing as averages over the range 0-40 cm in the two experimental
variants, showed that the values of the Bd increased with the depth and it is observed that the
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value Bd as average over those four depths are higher in the CT (1.26 g/cm?®) compared to the
NT variant (1.19 g/cm?).

Following the evolution of the average values at harvest, it is observed that the NT variant
has a higher value of Bd of 1.41 g/cm?®, and the CT variant provides a value of 1.39 g/cm®.

Table 2. Tillage system influence on soil bulk density, winter wheat crop

Bulk density (g/cm?®)
Time of sampling 2016-2017 Time of sampling 2017-2018

Depth (cm) Sowing Harvesting Sowing Harvesting

CT NT CT NT CT NT CT NT
0-10 cm 1.24 1.26 1.55 1.49 1.21 1.12 1.27 1.28
10-20 cm 1.28 1.36 1.59 1.45 1.24 1.18 1.39 1.43
20-30 cm 1.33 1.40 1.52 1.40 1.27 1.22 1.43 1.46
30-40 cm 1.40 1.42 1.53 1.44 1.34 1.25 1.47 1.48
Significance control | o control | oo control | oo control
Mean 1.312 1.360 | 1.548 1.445 | 1.265 1.193 | 1.390 1.413
LSD 5% 0.051 g/cm? 0.056 g/cm® 0.033 g/cm® 0.024 g/cm?
LSD 1% 0.093 g/cm? 0.102 g/cm® 0.06 g/cm® 0.044 g/cm®
LSD 0.1% 0.207 g/cm? 0.226 g/cm® 0.133 g/cm® 0.097 g/cm?

, (0) — indicate significant at 5% level of probability and (00) at 1% level / ns = not significant
(*), (o) — indi ignifi 5% level of probabili d (00) at 1% level / ignifi (NT
= no-tillage, CT = conventional, plough at 30 cm)

The analysis of the evidence for water stable aggregates showed that the determinations
carried out in the agricultural year 2017-2018 (Table 3) the average values of the HS registered
both at the sowing and at the harvesting of the winter wheat crop, were superior in the NT
variant in comparison with values obtained in CT.

In an analysis of the average values from the harvesting we see clear differences between
the CT and the NT variant, the NT variant having a higher value of HS (77.85%) compared to
the CT (70.97%).

Table 3. The influence of tillage system in WSA (%)

WSA (%)

Time of sampling 2017-2018
Depth (cm) - -

Sowing Harvesting

CT NT CT NT

0-10 cm 62.16 | 65.99 76.45 | 70.71
10-20 cm 67.35 | 66.60 66.58 | 77.53
20-30 cm 70.44 | 73.89 63.38 | 78.07
30-40 cm 71.24 | 79.23 77.48 | 85.10
Significance control control
Mean 67.80 | 71.43 70.97 | 77.85
LSD 5% 5.7% 14.1 %
LSD 1% 10.4 % 26.0 %
LSD 0.1% 23.1 % 57.6 %
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Conclusions

From the analysis of the amplitude with which the values of the bulk density increase on the
profile 0-40 cm in the two experimental variants, from sowing and until harvesting, it is
observed that they recorded lower values in the NT variant and visibly higher values in the
variant CT. This fact indicates the presence of a compacted soil layer found in the CT, which
formed below the working depth of the plow, due to the execution of the basic tillage of the soil
several years in a row at the same depth. The lower value was found in the no-tillage variant,
because in this system, all soil tillage process is performed in a single pass, using a complex
machine that achieves all at once soil loosening, fertilization and the seeding.

The highest value of the WSA on average between 0-40 cm, at sowing, was obtained in the
NT (71.43%). Until harvesting, natural phenomena have improved WSA in both soil tillage
variants, with the maximum value being recorded in the NT variant (77.85%).
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Abstract

The study was focused on the intensification of sensitive land degradation by soil
sodification (i) and alkalinisation (ii) in the studied area in order to establish regional sustainable
management. The studied site is located on slight slope (faces west) from Bejeneasa farm
(Conari vineyard). The soil characteristics developed on the saline deposit are the ideal
conditions for iodization and alkalinisation processes. After these processes result sodic and
alkaline soils. The sodic soils are the most troublesome of salt affected soils, characterized by
a disproportionately high concentration of sodium (Na) in their cation exchange complex. When
sodium makes up more than about 5% of all cations bound to clay particles, structural problems
begin to occur, and the soil is said to be sodic. The amount of sodium as a proportion of all
cations in a soil is the main measure of sodicity used, and is termed the Exchangeable Sodium
Percentage (ESP). The field observations showed that after leaching of soluble salts the process
of sodisation takes place. Sodisation occurs starting with depth interval of 30-50 cm. The
analytical data showed a high content of exchangeable sodium (over 15%) and a high content
of clay. High sodicity causes clay to swell excessively when wet. For this reason, water and air
movement through sodic soils is severely restricted. Sodic layers in the soil prevent adequate
water penetration, significantly diminish internal drainage and therefore waterlogging is
common. The small depth of salt-bearing clay deposits (50-80 cm) associated with high
susceptibility to sodisation of soil horizons make difficult land melioration. The use of gypsum
will help to suppress soil dispersion and to improve internal drainage.

Keywords: soil sodisation, alkalinisation, dispersion, waterlogging
Introduction

Soil degradation by salinization, sodisation and alkalinisation represent the major
environmental threat to soil fertility and agricultural productivity. Soil salinization can be
achieved with neutral or alkaline salts. Alkaline salt accumulation in soil is also known as
alkalinisation.

Soil alkalinity is a measure of the amount of base in a solution and express as concentration
of hydroxyl ions in that solution [1]. After Elsevier's Dictionary of Soil Science alkalinity has
a more specific sense in soil science and represent a capacity parameter in system contain
carbonates (HCO3", CO3%).

Sodicity is a measure of the amount of exchangeable sodium in soil. Increasing of the
exchangeable sodium in the cation exchange complex of soil is known as sodisation or
alkalization processes. Sodic soils are characterized by a disproportionately high concentration
of sodium (Na) in their cation exchange complex. They are usually defined as containing an
exchangeable sodium percentage greater than 15% [2].

60



Filodiritto Editore — Proceedings

Sodic soils contain large amounts of exchangeable sodium in their cation exchange complex
and frequently, have low content of soluble salts.

According to the Romanian Soil Taxonomy System (SRTS, 2003) sodic soils consist of
hiposodic horizon with upper limit on 0-50 cm or natric horizon on the 50-100 cm depth.

Solonetz has, within the upper 50 cm of the soil profile, a so-called natric horizon that
contains more than 15% exchangeable sodium [3].

After Reference Soil Group of the World Reference Base for Soil Resources [4], solonetz
has, natric horizon within the upper 100 cm.

Sodic or natric soil horizon has physical restrictions to plant growth and makes tillage
difficult. High level of sodium (>15%) disperse soil particles and become very sticky when wet,
nearly impermeable to water, and very hard in dry state.

Plant growth is adversely affected by excess sodium level in sodic soils and by both with
excess salts and excess sodium levels in saline-sodic or salsodic soil.

Sodic soils can be reclaimed, but it may be slow and expensive due to the lack of a stable
soil structure, which slows water drainage [5]. Saline-sodic soils are degraded simultaneous by
salinization and sodisation processes. In these conditions it is necessary to remove both the
soluble salts and the exchangeable sodium after the replacement with calcium ions in soil
solution [6]. In order to achieve the saline — sodic soil reclamation, it is necessary that the
leaching of excess soluble salts be preceded by the replacement of exchangeable sodium (Na+)
by calcium (Ca2+) from soil solution. If the excess salts are leached and calcium does not
replace the exchangeable sodium, the soil will become sodic.

Methodology

The study site was located at Bejeneasa Farm, Cotnari vineyard from North-East part of
Romania. The studied area is about 6 hectares. It is situated on the upper part of slope. The
absolute altitude ranges between 152m and 172.5 m and the average annual precipitation and
annual temperature values are 524.9 mm and 8.9°C.

The selection of sampling sites was based on the slope category of the land and the properties
of the taxonomic soil units. One soil profile was done in each selected location. Following the
clearing of the vine plantation 5 soil profiles were developed, studied and designated (Figure
1).

In this paper we present the sodization and alkalinisation intensity of the representative soil
profiles located on different slopes. Characterization of soil formation factors and profiles was
done following the instructions from guidelines for soil and land descriptions [7].

Soil samples were taken from each paedogenetic horizon in order to conduct laboratory
analyses: granulometry, pH, contents of calcium carbonate, soluble salts, exchangeable sodium
and alkalinity (HCOs", CO3%), according to the current methodology [8, 2].

Following the processing and analysis of the data obtained in the field and laboratory, several
reclamation measures have been recommended.

Fig. 1. Location of soil profiles on the slopé land after the clearing of the vine plantation
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Results and Discussion

The representative soil of the studied area is a Salsodic Chernozem (According SRTS, 2003).

The content of clay ranged between 35.1 and 55%. The maximum clay value is recorded in
the salsodic horizon on the depth 65-75cm.

The suggestive analytical data regarding soil sodisation are shown in the Table 1.

The soil is very strongly alkalized over the depth range 50-85 cm. Strong sodification is
highlighted by the Na" content higher than 15% and the high content of COs* (>10 mg/100g
soil) within the BCsc-na (salsodic BC) horizon located in the depth range 65-75 cm.

The maximum value of the saturation degree of exchangeable sodium of 18.36% was
recorded over the depth range of 50-65 cm. We mention that the intensity of the sodification
(alkalization) took place after leaching of the main mass of soluble salts. This aspect is
highlighted by the massive structure, the state of pronounced compactness of the soil and by
strong dispersion of the elementary particles.

Table 1. The values of some chemical properties of salsodic Chernozem

ESP ss COg3? HCOs
Depth | CaCOs | pH % mg/100g mg/100g mg/100g
0-10 | 2.1 7.74 252 90 : 239
2030 | 27 7.97 451 82.4 : 17.9
3550 | 2.6 8.11 5.8 88.1 : 23.9
5563 | 26 8.83 18.36 143.9 : 19.9
6575 | 3.1 9.03 16.52 183 132 47.82
7686 | 25.4 8.6 17.68 931.6 - 89.7
90-110 | 2365 | 8.6 9.53 1162 : 107.6

ESP — exchangeable sodium percentage; ss soluble salts

The pH values between 7.74 and 9.03 place the soil in the weak alkaline to strong alkaline
reaction classes (pH>9).

The slight alkaline reaction of the soil (pH = 7,74-8,11) is due to the presence of calcium
carbonate in the soil and the incipient alkalization of the soil in the hiposodic horizon AB slight
alkalized (ac). The strong alkalization (sodisation) of the soil is also evidenced by the CO5™
anion content of over 10 mg/100 g soil. The HCO3™ content- greater than 60 mg/100gsol is
characteristic of sodium soils.

Conclusions

Reclamation of sodic soils with high content of exchangeable sodium can be achieved by
replacing with Ca®" cations from a soluble source such as gypsum.

In order to achieve the saline — sodic soil reclamation, it is necessary that the leaching of
excess soluble salts be preceded by the replacement of exchangeable sodium (Na+) by calcium
(Ca?") from soil solution.

Reclamation of compacted natric horizon could be done by deep loosening works without
mixing the soil layers. This work will be carried out only after the gypsum administration.
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Abstract

Romania has more than 2.5 million hectares as maize cultivation which represents the
highest area within the EU. However, the maize monoculture is favourable for pest’s attack.

Tanymecus dilaticollis (Coleoptera: Curculionidae) is the main pest of the maize crops
mainly in south and south-east part of the country. The insect is dangerous when maize plants
are in the early vegetation stages (BBCH 10-BBCH 14). Each year, around one-million-hectare
area is attacked by this pest with different level of attack intensities. In case of high T.
dilaticollis weevil’s invasion, the maize seedlings could not survive and the farmers have to
sow again their fields, causing unexpected costs. Spring drought and higher temperatures
conditions are even more favourable circumstances for weevil’s attack. Also, maize
monoculture has an increasing effect on pest density associate with higher impact of attack.

Studies from the last decades pointed out that chemical treatment of the maize seeds with
systemic insecticides was the most effective method to reduce the loss. However, the use of
neonicotinoid insecticides as seed treatment of the spring crops was restricted from 2014,
according to the EU directive 485/2013. Later on, as result of European Commission
regulations 218/783, 218/784 and 218/785, the use of imidacloprid, clothianidin and
thiamethoxam active ingredients for all field crops, both like seed treatment and foliar
application will be total banned in UE, starting from 2019. Because of these regulations, no
insecticides will remain available for maize seed treatment against T. dilaticollis in Romania.

For this reason, researches are facing with the challenge to find some alternative treatments
instead of neonicotinoids seeds treatment. This paper presents some results about the
effectiveness of the single foliar application with acetamiprid, thiacloprid and delthametrin
active ingredients comparative with single granules application, at 7 days from plant
emergence, with cypermrthrin active ingredient for T. dilaticollis control. The experiment was
carried out in south-east of Romania, in conditions of commercial farm, between 2018 and
2019. The single foliar spraying insecticide on plants of BBCH 10-14 vegetation stage did not
provide enough protection against weevil’s attack under high pest density. Similar results were
obtained in case of granules applications, at 7 days from plants emergence. In this experiment
no alternative was found at banned active ingredients used for seed treatment in controlling of
maize leaf weevil.

Keywords: maize, weevils, alternative, insecticides, farm
Introduction

According MADR data, maize is one of the most important crops in Romania [1]. In the last
years, this country has more than 2.5 million hectares as maize cultivation which represents the
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highest area within the EU. In same time, Romania occupy second place in EU, after France,
with a maize grains production higher than 10 million tonnes [2].

Maize leaf weevil (Tanymecus dilaticollis Gyll) is one of the most dangerous pests for maize
crops in Romania ([3], [4], [5], [6]). Weevils attack is very dangerous when the maize plants
are in early vegetation stages, from emergence until four leaf’s [3]. In this stage, in case of high
weevil’s attack, seedlings can be total destroyed and farmers must sow again [7]. After four
leaf’s stage (BBCH 14) the attack is less economically important, the weevils consume only the
margins of leaf’s or weeds and maize plants survive [8]. High air temperatures registered in
spring period (April-May) and draught represents the most favourable conditions for weevil’s
activity [9].

Data from the literature suggest that, every year, in favourable areas of this pest, located in
south and south-east of Romania there were attacked around one million hectares cultivated
with maize ([7], [10]). Researches made at NARDI Fundulea make in evidence that in case of
high pest density, ranged between 25 and 30 weevils/m?, average maize yield losses can arrive
at 34% [3].

However, in Romania, it has recorded higher densities of this pest (15-80 weevils/m?),
especially in south-east ([7], [11]). In some favourable years there where extreme cases when
it has recorded a pest density of 160 weevils/m?, in Dobrogea area [8].

Researches made in Romania make in evidence that chemical seed treatment with systemic
insecticides was the most effective method to protect maize young plants from weevil’s attack
([61, 71, [12], [13], [14], [15], [16]). After European Commission Regulations, 218/783,
218/784 and 218/785, the use of imidacloprid, clothianidin and thiamethoxam active
ingredients for all field crops, both like seed treatment and foliar application will be total banned
in UE, from 2019 ([17], [18], [19]).

As result no insecticides will remain available for maize seed treatment against T. dilaticollis
in Romania. In this paper there were presented results of the first study effectuated in this
country, in conditions of commercial farm system, for researching if there are possible
alternatives for replacing banned active ingredients used at seed treatment for controlling of the
maize leaf weevil.

Methodology

The experience was carried out in 2018 and 2019, at commercial farm Sopema SRL, located
at Mihail Kogalniceanu, lalomita County, Romania (latitude: 44°42'N, longitude: 27°40',
altitude: 18 m). In conditions of the commercial farm, the area of each experimental plot was
of 8000 m2. In 2018 maize was sowed in 11 April and one year later plants were sowed on 13
April. In both years previous crop was soybean. In 2018 plants emergence was recorded in 22
April.

Because of low soil humidity registered in March and April, 2019, maize plants emergence
was recorded with delay, comparative with previous year, on 30 April. In both years it has used
MAS 47P maize hybrid (FAO 440). Experimental variants are presented in Table 1.

It has tested single foliar spray with acetamipird (20%), thiacloprid (480 g/l) and
deltamethrin (100 g/1) active ingredients (variants 2-4). Also, it has tested granules application
with cypermethrin (8.0 g/kg) at 7 days after sowing (variant 5).

When maize plants arrive in first vegetation stages (BBCH 11-12 and BBCH 14-16) it has
assessed plant densities. On each variant it has established four assessment points. At each
assessment point it has counted emerged maize plants from 20 row meters (80 row
meters/variant).
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Table 1. Active ingredients used for controlling of the Tanymecus dilaticollis Gyll in commercial farm
conditions, from south-east of the Romania, between 2018 and 2019

Variant Active. Rate Rate Application
ingredients type type

1 _ _ _ _

2 acetamiprid (20 %) 0.1 Kg/ha A

3 thiacloprid (480 g/1) 0.09 L/ha A

4 deltamethrin (100 g/1) 0.075 L/ha A

5 cypermethrin (8.0 g/kg) 12.0 Kg/ha B

A-Foliar applications (BBCH 11-12);
B-Granules application at 7 days after sowing (BBCH 09-10)

Attack intensity was evaluated when maize plants arrive in four leaf’s stage (BBCH 14),
according a scale from 1 to 9, elaborated and improved by Paulian ([3]), as follows: note 1-
plant not attacked; note 2-plant with 2-3 simple bites on the leaf edge; note 3-plants with bites
or clips on all leaf’s edge; note 4-plants with leaf’s chafed in proportion of 25%; note 5-plants
with leaf’s chafed in proportion of 50%; note 6-plants with leaf’s chafed in proportion of 75%;
note 7-plants with leaf’s chafed almost at the level of the stem; note 8-plants with leaf’s
completely chafed and beginning of the stem destroyed; note 9-plants destroyed, with stem
chafed close to soil level. At each variant, it has established four assessment points. At each
assessment point it has evaluated 50 maize plants, from five rows (10 plants/row). Before
assessment plants were marked with sticks, in stair system.

Meteorological data was provided by meteorological station of the Sopema farm, located at
1 km from experimental site. It has monitoring air temperature and rainfalls amount occurred
in April and May. This period is the most important for both, weevil’s activity and maize plants
emergence and first development stages. Data from the field assessments was statistical
analyzed using Student-Newman-Keuls test ([20], [21], [22]).

Result and Discussions

During assessments period, at experimental site, weather conditions from spring were
atypically. In 2018, average air temperature registered in April and May was higher compared
with multiyear average (Fig. 1). However, in 2019, average air temperature registered in April
and May were lower comparative with multiyear average. Also, in both years, in April, it has
registered higher differences between minimum and maximum daily temperature (more then
15-20 °C). In 2018, rainfalls amount registered at Sopema farm, both, in April and May, were
bellow multiyear average (Fig. 2).
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Fig. 1. and 2. Average air temperatures and rainfalls amount registered at Sopema farm,
in April and May, 2018 and 2019

Rainfalls amount registered in April, 2019, were below then multiyear average while in May,

rainfalls amount was higher comparative with multiyear average. In 2019 it has registered a
delay of emergence of the maize plants because unfavourable weather conditions. In both years
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it has registered a slowly development of the maize plants in early vegetation stages, both
because of low soil humidity and high air temperature differences between day and night.

However, weather conditions from 2018 were favourable for T. dilaticollis weevil’s activity.

Because of heavy rains occurred in May, 2019, combined with lower air temperatures,
weevil’s activity at the soil surface were lower in this year comparative with previous one.

In 2018, first assessment made after the emergence of the plants (BBCH 12) and second
assessment, when maize was in four leaf stage (BBCH 14), make in evidence high pest
population level at the experimental site, with a density ranged from 25 to 30 weevils/m?.

In the climatic conditions of the year 2018, weevils attack intensity at the maize plants, on a
scale from 1 to 9, was higher than 8.1 at both untreated and treated variants. In all experimental
plots, the majority of the maize plants were destroyed by the weevils.

According Student-Newman-Keuls (SNK) test there weren’t significant statistical
differences between attack intensity registered at control (untreated) variant and variants with
single foliar spray (without seed treatment) or variant with granules application at 7 days after
sowing.

Regard as maize plants density, data from table 2 ascertained that in spring of 2018, at
experimental location, this parameter ranged from 4.51 to 5.29 plants/row meter.

At second assessment effectuated on 24 May, when most of the maize plants were in four
leaf stage (BBCH 14), it has ascertained a dramatically decreasing of the plant’s density. At all
variants from this experiment, maize plants density was below 0,70 plants/row meter.

Table 2. Results of foliar and granules application for controlling of the Tanymecus dilaticollis,
in commercial farm conditions, from south-east of the Romania, in 2018

Active Plants | Phytoxicit | Incidenc | Attack Plants
ingredients | (no/Rm) y e (I:1-9) | (no/Rm)
4.05.201 (%) (%) 4.05.201 | 24.05.20
8 4.05.2018 | 4.05.201 8 18
8
control 4.55a 8.40a 0.45a
(untreated) Oa 100a
acetamiprid
(20%) 4.51a Oa 100a 8.32a 0.63a
thiacloprid
(480 /1) 5.06a Oa 100a 8.41a 0.36a
deltamethri
n (100 g/l) 5.29a Oa 100a 8.28a 0.65a
cypermethri
n (8.0 g/ke) 4.96a Oa 100a 8.20a 0.34a
LSD
(P=.05) 0.583 0 0 0.324 0.609
Standard
deviation 0.379 0 0 0.210 0.395
(SD)
Coefficient
of variation | 7.770 0 0 2.530 81.500
(CV)

Means followed by same letter do not significantly differ (P=.05, Student-Newman-Keuls test)
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Table 3. Results of foliar and granules application for controlling of the Tanymecus dilaticollis, in commercial

farm conditions, from south-east of the Romania in 2019

Active ingredients Plants Phytoxicity | Incidence Attack Plants
(no/Rm) (%) (%) 1:1-9) (no/Rm)
9.05.2019 13.05.2019 | 13.05.2019 | 13.05.2019 | 13.05.2019
control (untreated) 5.44a Oa 100a 6.16a 4.70a
acetamiprid (20 %) 5.63a Oa 100a 6.06a 4.39a
thiacloprid (480 g/1) 5,75a Oa 100a 6.09a 4.99a
deltamethrin (100 g/1) 5.54a Oa 100a 6.02a 4.56a
cypermethrin (8.0 g/kg) 5.56a Oa 100a 6.14a 4.50a
LSD (P=.05) 0.339 0 0 0.125 0.526
Standard deviation (SD) | 0.220 0 0 0.081 0.341
Coefficient of variation
(V) 3.940 0 0 1.340 7.380

Means followed by same letter do not significantly differ (P=.05, Student-Newman-Keuls test)

Weather conditions registered in April and May, 2018, such as drought and high air
temperatures were favourable for weevil’s attack. As result of both, high pest density and high
attack intensity most of the maize plants from all experimental plots were destroyed (Table 2).

In 2019, observations made when maize plants were in BBCH 12 stage and when maize
plants were in BBCH 14 stage make in evidence high pest level at the experimental site, with a
weevil’s density ranged from 15 to 20 adults/m?. In the climatic conditions of the year 2019,
weevils attack intensity at maize plants, on a scale from 1 to 9, was higher than 6.0 at both
untreated and treated variants. Most of the maize plants from this experiment have leaf chaffed
in proportion of 75% as result of weevils feeding process. Some plants have leafs completely
chafed and beginning of the stem destroyed. However, the majority of the plants from
experimental site survived. Possible explication for lower attack in 2019 comparative with 2018
is because of the weather conditions from period when plants were in early vegetation stages
(BBCH 10-14). In that period, it has registered high rainfalls amount comparative with
multiyear average and lower air temperatures. This condition wasn’t favourable for weevil’s
activity at the soil surface. Insects can’t feed with maize leafs in period with higher rainfalls
amount. Weevils activity was higher in second decade of May. However, maize arrives at four
leaf stage (BBCH 14) that represents the end of the most sensitive period of the plants for
weevil’s attack. Date from table 3 ascertained that in 2019 it has registered a decreasing of the
plant’s density between 9 and 13 May with more than 10%. This fact can be related with
increasing of the weevil’s attack. Low pest activity as result of unfavourable weather condition
from period when maize was in early vegetation stages have result in lower damages at the
maize plants in 2019, comparative with 2018. However, according Student-Newman-Keuls
(SNK) test, there weren’t significant statistical differences between plants density registered at
untreated variant comparative with single foliar spray variants (without seed treatment) or
granules application at 7 days after sowing in weather conditions of the 2019 (Table 3).

Further studies are necessary concerning possible finding of the new alternatives at banned
chemical seed treatment with systemic insecticides for controlling of maize leaf weevil. Lack
of the effective chemical control measures for controlling this pest can have negative
consequence for Romanian maize growers in next years.
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Conclusions

Climatic conditions from spring period (April-May) at experimental site (Sopema farm,
Ialomita County) were favourable for maize leaf weevil (Tanymecus dilaticollis Gyll) attack in
2018 and less favourable in 2019.

In 2018, in conditions of high pest pressure (25-30 weevils/m?) from experimental site, the
attack intensity of the weevils was higher and most of the maize plants didn’t survive of the
attack.

In 2019, in conditions of high pest pressure (15-20 weevils/m?) from experimental site, the
attack intensity of the weevils was moderate, as result of unfavourable weather conditions from
period when maize plants were most sensitive for weevils’ attack. Most of the maize plants
survive of the attack.

In both years, there weren’t registered significant statistical differences between untreated
variant and treated variants. All active ingredients tested in this experiment, didn’t have
effectiveness in controlling of the maize leaf weevil attack and couldn’t be an alternative for
chemical seed treatment with banned active ingredients.
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Abstract

The objectives of this study were to determine the influence of the harvesting phenophase
and of the organo-mineral fertilization on the quality of forage obtained from a Festuca
valesiaca Schleich. ex. Gaudin meadow. The researches were conducted at the University of
Agricultural Sciences and Veterinary Medicine lasi, Ezareni farm (47°05'-47°10" North latitude
and 27°28'-27°33" Eastern longitude). The experimental factors were represented by the
harvesting stage, with three graduations: a; — harvesting at plants height of 15-18 cm, a; —
harvesting at the ear formation (control), a; — harvesting to full flowering and fertilization with
seven graduations: by — unfertilized (control), b, — NsoPso kg-ha! annually, bs — N7sP7s kg-ha™!
annually, bs — Ni1goP10o kg-ha™! annually, bs — 10 Mg-ha™! sheep manure annually, bs— 20 Mg-ha"
!annually and b7 — 30 Mg-ha™! annually sheep manure applied at two years. The obtained results
showed that the quality of the feed, the chemical composition of the obtained feed was
influenced by the harvesting phenophase as well as by the fertilization system.

Keywords: organic and mineral fertilization, CP, NDF, ADF, RFQ
Introduction

The nutritional characteristics of the feed are defined by the nutritional value given by the
concentration in crude protein, the metabolized energy and the content of the feed in ADF and
NDF [1]. The quality of the feed is positively correlated with the harvesting phenophase, the
fiber content and its digestibility during the vegetation [2]. The crude protein content of plants
decreases with the maturity of the plant [3].

The quality of the feed can be improved by the application of fertilizers and the management
of the pasture. Some studies have investigated the long-term effects of different fertilization
systems on the quality of forage on permanent grassland [4], [5], [6].

The application of nitrogen positively influences the crude protein content of the feed, with
the amount of protein increasing as the nitrogen application rate increases [7], [8]. It has been
shown that with the advancing of vegetation, the plant accumulates more lignin in the cells,
which decreases the digestibility and protein component of the feed; also, as the level of
maturity increases, the fiber fraction concentrations have increased [9], [10].

In general, the digestibility of the feed decreases with the maturity stage of the plant [11].

The stage of plant maturity at harvesting time is the main factor responsible for decreasing
the nutritional value of the feed [12]. Achieving optimum nutritional value of the feed requires
special attention, given the maturity of the feed species [13], [14].
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The aim of the study was to analyse the influence of the harvesting phenophase under the
influence of organic and mineral fertilization at different doses on the quality of the feed
obtained from a meadow of Festuca valesiaca, and the objectives were the determination
quality indicators: plant crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber
(ADF) and calculate forage quality relative (RFQ).

Methodology

The experience was organized on a Festuca valesiaca Schleich. ex. Gaudin type plant
association situated in Moldavian Forest Steppe, between the geographical coordinates 47°05'-
47°10'N-27°28'-27°33" E, on a slightly inclined ground, with NE exposition.

The experience was bi-factorial, arranged in randomized plots, in three replicates.

The experimental factors were represented by the harvesting stage, with three graduations:
ai; — harvesting at plants height of 15-18 cm, a; — harvesting at the ear formation (control) and
a3 — harvesting to full flowering and fertilization with seven graduations: b; — unfertilized
(control), by — NsoPsop kg-ha! annually, bs — N7sP7s kg-ha! annually, bs — NigoP1oo kg-ha'!
annually, bs — 10 Mg-ha™! sheep manure applied annually, bs—20 Mg-ha™! sheep manure applied
annually and b7 — 30 Mg-ha™! sheep manure applied at two years.

Fertilization was done with two types of fertilizer: organic represented by well fermented
sheep manure (older than two years) and mineral represented by complex fertilizer with
nitrogen and phosphorus (N20P2o).

The manure and mineral fertilizers were manually applied in the spring, at the beginning of
plant growth.

Nitrogen content was determined by Kjeldahl method, and NDF and ADF content were
determined by Van Soest method [15]. RFQ (Relative Forage Quality) was calculated using the
Equation 1 [16], [17].

The results were statistically analysed by the analyses of variance and limit differences. We
also determined the correlation equations and the significance of the square regression between
the type of fertilization, harvesting phenophase and the feed content in CP and RFQ.

(4,898 +89,796 - (1,085 +0.0124 - ADF)) I\IIZO Equation 1.

RFQ = 53 DF  Relative Forage Quality

Results and Discussions

Improving the quality of permanent grasslands, regardless of the area in which they are
located represented and represents the main objective of pratological studies.

Most previous studies have shown that the quality of the forage is significantly influenced
by the harvesting phenophase [18], [19], [20], the changes that take place in the quality of the
feed being evaluated at the plant level or the plant community level [21], [22].

Analysing the influence of the studied factors on the crude protein content (table 1), it is
found that the values of the feed content in CP are different, depending on the fertilization
variants used, and at the same doses, depending on the harvesting phenophases.

Thus, harvesting at plants height of 15-18 cm caused very significant increases of the crude
protein content in relation to the unfertilized variant, the highest crude protein content, of 13.43
g-100 ¢! DM being registered in the fertilized variant with NiooP10o kg-ha™! annually. As can
be seen (table 1).
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Table 1. The influence of the interaction between harvesting phenophases and fertilization on the feed quality

Quality parallneters |
Variant CP NDF ADF
¢-100 g'! DM RFQ
bi-unfertilized 10.51** 49.5300° 30.5300° 134.58%**
b,-NsoPso 11.79%** 48.10°° 30.09°°° 139.58%**
a; — harvesting | b3-N75P7s 12.22%%* 47.90°° 28.17°° 144.53%**
at plants height | bs-NigoP100 13.43%** 47.05°° 26.37°° 151.20%**
of 15-18 cm bs-10 Mg-ha'! manure 10.77%** 56.43 31.02°°° 117.20*
bs-20 Mg-ha™! manure 11.43%** 54.20°°° 30.96°° 122.14%**
b7-30 Mg-ha™! manure 12.27%%* 53.55000 30.46°° 124.63***
bi-unfertilized (C) 8.17¢ 56.77° 34.84¢ 109.20¢
b,-NsoPso 10.65%* 56.40 34.18%° 111.17
a, — harvesting | b3-N75P7s 11.71%%* 55.78° 33.34000 114.04
at the ear b4-NigoP10o 12.36%** 54.430°° 32.2900° 118.97*%*
formation (C) | bs-10 Mg-ha"! manure 8.86 48.9200° 34.99 126.38%**
bs-20 Mg-ha'! manure 10.12%* 57.77* 34.64 107.67
b7-30 Mg-ha'! manure 11.11%** 54.18°° 35.25 113.58
bi-unfertilized 7.57 57.62 37.59** 102.39
b,-NsoPso 9.46 55.71° 35.51%* 109.95
as — harvesting | b3-N7s5P7s 9.53 54.19°°° 35.40%* 113.26
to full b4-NiooP100 10.25** 52.67°° 34.12°° 119.18%*
flowering bs-10 Mg-ha'! manure 8.26 52.30°° 35.50** 117.15%*
bs-20 Mg-ha'! manure 9.41 51.71°°° 34.96 119.62
b7-30 Mg-ha'! manure 10.20** 49.7300° 34.01°°° 126.45%**
LSD 0.01 2.60 1.52 0.80 11.93
LSD 0.1 1.97 1.15 0.61 9.04
LSD 0.5 1.47 0.86 0.45 6.75
14 14
13 ¥=00001x? +0.016x + 10.535 13 y = 0.0015%* + 0.0159x + 10.499
=12 R =0.9841* T R? = 0.9987**
T ¥ < -0.0002¢ 7 0.0592x + 81621 2 [
—gl 10 - -R-—fo??gi**-_‘ —'éz- 10 |y =0.0007x% +0.0783x + 8.12?._'_‘___;.--"_"_'_'_' I
S 9 T e : s R? = 0.993] %% ooom =" )
o o v = -0.0002x2 +0.0407x + 7.6036 . l w0035 + 0.0829% +7.529
= 8 ¥ - R2 = 0.9684* = 8 R2 = 0.99]8%*
e 77 & 71
0 25 50 75 100 0 10 20 30

NP (kg ha')

+ a] - harvested at plant height of 13-18 cm

Amount of manure applied (Mg-ha')

¢ a) - harvested at plant height of 15-18 cm
= a5 - harvested at the ear formation (Control) ®= a5 - harvested at the ear formation (Control)

4 ay - harvested to full flowering 4 a3 - harvested to full flowering
Fig. 1. Regression curve between

NP dose (kg-ha!) and CP content

Fig. 2. Regression curve between
the amount of manure sheep applied (Mg-ha™!)
and the CP content

The variants that have the highest protein content are those fertilized with NiooP100 kg-ha™!
annually and 30 Mg-ha! sheep manure applied at two years with a value of 10.25 g-100 g! DM
and 10.20 g-100 g! DM respectively. In this phenophases on the same variants fertilized with
NiooP10o kg-ha! annually, the crude protein content registered a decrease of 38.9% from the
first phenophases and 25.8% from the ear formation phenophases taken as control (table 1).

Between the doses of applied NP and the forage content in CP, were obtained positive
correlations for all variants (figure 1).

Distinctly significant values of the regression coefficient were also obtained in the case of
the correlation between the applied manure doses and the feed content in CP at all three
harvesting phenophases studied (figure 2).
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Harvesting in different phenophases, as well as the administration of organic and mineral
fertilizers had produced important changes regarding the feed content in ADF and NDF
obtained from the Festuca valesiaca grassland (table 1). Analysing the influence of the studied
factors on the content of the forage in the NDF (table 1), we observe that the harvesting at plants
height of 15-18 cm caused a decrease of the NDF values in most experimental variants.

From the results obtained on the ADF content of the feed, following the application of
organic and mineral fertilization, a decrease of the values of this parameter is observed in most
of the fertilized variants studied compared to the control variant, the differences being
statistically ensured, but there is a tendency to increase the content values in ADF, due to the
accumulation of cell walls (lignin and cellulose) (table 1).

The results regarding the relative qualitative value of the feed (RFQ) (table 1), show us that
the RFQ values of the feed obtained from the permanent grassland were influenced by the
applied fertilization, but especially by the harvesting phenophases, with significant, distinctly
significant differences and very significant in relation to the control variant.

160 160 — —

150 | ¥= 00014 +0.0317x + 13458 Lso ¥~ 00497 - 17394x + 13334
o R = 0.999%%* - R? = 0.8088

140 140 v =-0.0282x2 + 0.7805x + 112.23

130 ¥ = 0.0012x% - 0.0242x + 109.22 130 R 53

g 120 R = 0.998#* e E 120 - =
g P O T
e O ¥ = 0.0005x2 + 0.1154x + 102.47 111 P ¥ =-0.0198x% + 1.3412x + 183.22
100 R = 0.9952%% 100 R =0.9550*
90 90
0 25 50 75 100 0 10 20 30
NP (kg-ha) Amount of manure applied (Mg-ha'?)
¢ a) - harvested at plant height of 15-18 cm + a| - harvested at plant height of 15-18 cm
® a5 - harvested at the ear formation (Control) = a5 - harvested at the ear formation (Control)
4 a3 - harvested to full flowering 4 a3 - harvested to full flowering
Fig. 3. Regression curve between Fig. 4. Regression curve between
NP dose (kg-ha!) and RFQ the amount of sheep manure applied (Mg-ha™!') and RFQ

The highest value of the RFQ, of 151.29 was obtained in the variant harvested at plants
height of 15-18 cm fertilized with NiooP100 kg-ha™! annually, with an increase compared to the
unfertilized variant taken as a control of 38.5%. The relative qualitative value of the feed (RFQ)
showed a general tendency of increase with the increase of the applied NP doses, correlating
significantly with this value (figure 3). In the case of manure due to the adverse climate
conditions that negatively influenced the use of manure by plants, the content of the feed in cell
walls, respectively RFQ did not correlate in the incipient vegetation phenophases, the relative
qualitative value of the feed (RFQ) being significantly correlated with full flowering
phenophases on the applied fertilization (figure 4).

Conclusions

The obtained results show that the stage of development is an essential factor that determines
changes in the quality of the feed, the chemical composition of the feed obtained being
influenced by the harvesting phenophases, type of fertilizer and the applied doses.

The qualitative value of the forage proved to be the highest during the vegetative growth,
when the harvest was done at the plant’s height of 15-18 cm, the plants having a high protein
content and a low cell wall.

The results of the study highlight that as the plants age increases, the proportion of protein
decreases, instead increasing the proportion of cellulose, hemicellulose and lignin (ADF and
NDF), thus reducing the digestibility of the feed. Both organic and mineral fertilizers have
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influenced the quality of the feed obtained from the Festuca valesiaca meadow. The crude
protein content increased significantly compared to the unfertilized variant.

Also, the two factors studied positively influenced the relative qualitative value of the feed
(RFQ) with significant, distinct and very significant increases, compared to the control variants,
the quality of the forage being a very good one (quality class 1) in the phenophases in which its
harvesting was done at plants height of 15-18 cm.
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Abstract

In Romania, more and more consideration is being given to cultivating maize hybrids
suitable for the area. Our objective was to determining the influence of the genetic potential of
the maize hybrids used on the response to the complex application of all agricultural inputs
specific to modern technology and the study of the behaviour of the genetic material (maize
hybrids from different sources) under the particular conditions of the agricultural year 2018.

Elaboration of specific recommendations for maize cultivation technology depending on the
biological material, the inputs used and the timing and harvesting methodology.

Keywords: Cojocna, inputs, maize hybrids
Introduction

Corn (Zea mays), also called Indian corn or maize, cereal plant of the grass family (Poaceae)
and its edible grain. The domesticated crop originated in the Americas and is one of the most
widely distributed of the world’s food crops [1]. Last year, in the project AGRIM-Integrated
management of agricultural inputs [2], the objective was to establish the main technological
elements specific for maize cultivation under the eco-geological conditions in the
Transylvanian Plain. As expected, results have been considered: elaboration of specific
recommendations for maize cultivation technology depending on the biological material, the
inputs used and the timing and harvesting methodology and also organization of meetings and
visits of the AGRIM Polygon by farmers, input producers’ associations, AGRIM partners,
students etc.

Methodology

The experience was located in Cojocna, Cluj County, on a type of phaeoziom soil in 2018.

The provenance of the seeds is from Romanian Corn Producers Association (APPRP) —
Pioneer Hybrids and Agricultural Research and Development Station Turda (ARDS Turda).
Biological material: 8 Pioneer and 2 Turda hybrids. The hybrids used were from Pioneer: H3 —
P 0216 (X03A115), H4—P 0933 (X08B335), H5 — P 0023 (X00C208), H6 — P 0412 (X8M193),
H7 — P 9415 (X95F646), H8 — P 0268 (X00K446), H9 — P 9757 (X95K979), H10 — Variety
X00K449, H11-Turda 201 and H12 — Turda 332.

The land was pickled and labelled according to the experimental protocol (each hybrid was
put in 7 rows on a surface of 2784 square meter).
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The works of the soil according to the settlement (previous plant-alfalfa), were carried out
in compliance with the technological parameters monitoring by professor from Mechanization
section of UASMYV Cluj.

The density of seeding was 63.500 plants/ha, distance between rows = 75 cm and distance
between plants/row = 21 cm. the date of sowing was 02 May 2018 and harvesting was in 26
October 2018. Basic fertilization was made with 20: 20: 0 + Zn and fertilization at sowing: 27:
13.5: 0 with Azomures products. The herbicides were from Alcedo Company and were used
Astral 40 Sc and Ceredin Forte 464 SI.

The climate of the area is of continental type according to the Koppen system. In 2018, the
hottest month was August, with an average monthly temperature of 22.3°C, and the coldest,
February, with an average monthly temperature of -0.3°C.

The average annual rainfall was 540 mm, of which 68% fall during the vegetation period,
the rainiest being June, when they fall on average 84.8 mm, and in 2018 they fell by +13.5
deviation more than the average on the last 60 years. In this paper, the F-test Test were used to
analyses whether the changes, observed at the waist of the maize plants in the experimental
variants, are due to the treatments applied or have occurred by chance. For the phytosanitary
condition, the Duncan Test or the multiple comparisons method was used to determine the
significance of the differences for the 5% probability of transgression.

The higher the F value than 1.00, the higher the effect of the treatments; when the F value is
close to 1.00 the transformations have accidentally occurred [3].

Results and Discussions

Regarding to the determined character of the weight of the corn cob, it was found that the
lowest average had the hybrid H12 followed by the hybrid HS, at the opposite pole being H10
followed by the H8 hybrid (Table 1).

Regarding the character of the weight of grains on cob, the smallest value registered in this
case was hybrid H11 followed also by the hybrid H5. The highest value of grain weight per cob
was recorded in hybrid H8 followed by hybrid H4.

Regarding the character of cob length, the H10 hybrid has registered in this case.

The highest value of the cob length was recorded in the H4 hybrid followed by the H8 hybrid.

As for the character, the number of rows on cob the smallest values were recorded in this
case the H6 hybrid.

The highest value of the number of rows per cob was recorded in the H4 hybrid followed by
the H8 hybrid. As for the character, the number of grains/cob the lowest value registered in this
case the hybrid H6. The highest value of the number of grains per row was recorded in the H1
hybrid.

Regarding the character of the cob diameter the H12 hybrid has registered in this case.

The highest value of the cob diameter was recorded in the H8 hybrid, with a difference of
11.02 cm.

As for the character of the diameter of the rachis, the smallest value was recorded in this
case the H12 hybrid.

The highest value of the diameter of the rachis was recorded in the H8 hybrid, with a
difference of 3.99 cm. Regarding the evaluation of the corn cultivation before harvesting on
30.10.2018 from the experimental polygon Cojocna it was found that the two herbicides that
were applied are able to solve the weed problem in the corn crop under the pedoclimatic
conditions of Cojocna in experimental year 2018.
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Table 1. LSD comparisons of the maize hybrids

Weight | Weight Cob Rachis
Hybrid | of corn | of grains Cob No. of N.O' of diamet | diamet
length | row/cob | grains/cob
cob on cob er er
Hybrid -0.279* | -0.233* 0.001 0.079 -0.264* -0.139 0.059
\c’(\)’g'ght ofcorn | r7gx 0.967* | 0.644% |0209% | 0.487% 0.817% | 0.412%
Xxe(':ggt of grains | »33x | 0,967+ 0.639* | 0201% | 0.496* 0.820% | 0.409%
Cob length 0.001 0.644* | 0.639* 0.281* 0.647* 0.361* | 0.077
No. of row/cob 0.079 0.209* 0.201* 0.281* 0.136 0.286* 0.309*
No. of grains/cob | -0.264* | 0.487* | 0.496* 0.647* | 0.136 0.206* | -0.003
Cob diameter -0.139 0.817* 0.820%* 0.361% 0.286%* 0.206* 0.595%*
Rachis diameter | 0.059 0.412* | 0.409* 0.077 0.309* -0.003 0.595*

Note: Marqued values (*) indicate significative correlation. Breakdown table of descriptive statistics N=100.

Multiple comparisons to the determinations made in the AGRIM Polygon have resulted in
results that fall within the parameters of the descriptive statistics performed.

Observations regarding the phytosanitary status of maize plants concerned the frequency of
attack of Fusarium sp. and Ostrinia nubilalis on cob, but also the total number of broken plants
and the frequency of attack of Ostrinia nubilalis on the stem (Table 2). Of the tested hybrids,
HS8 and H1 were positively highlighted with the lowest values of the attack, at all the indicators
followed. Also noteworthy are the H6 and H7 hybrids with low values of the frequency of the
spike attack.

Table 2. Phytosanitary status of the studied maize hybrids

Ieste.d Frfequence of Oslirriiﬁzinuct?i IOJ ris Total fallen Frequgncgs of Ostrinia
ybrid Fusarium sp. on cob on cob plants nubilaris on stem
P9911 6.94 4 4514 19.28 ABC 15.20 ABC
P9903 15.96 AB 13.28 AB 20.39 ABC 15.96 ABCD
P0261 8.42 4 2.46 A 17.82 AB 12.49 AB
P0933 33.98 BCD 17.61 AB 25.61 B¢ 17.68 ABED
P0023 12.03 AB 10.82 AB 39.07P 31.52¢P
P0412 3.184 7.88 A 24.55BC 15.45 ABC
P9415 6.10 4 4254 5556 F 32.54P
P0268 3.034 6.28 4 11.134 6.28 4
P9757 15.78 AB 14.19 AB 21.91 ABC 18.79 ABCD
x00k449 23.22 ABC 26.178 31.92¢P 28.95 BCD
T 332 463170 18.14 AB 23.40 ABC 17.55 ABCD
T 201 39.99 ¢P 14.44 AB 32.27¢P 22.83 ABCD
DS 20.94-23.95 DS 13.95-16.31 DS 11.45-13.39 DS 14.68- 17.15

The classification was mentioned by the letters of the alphabet (A, B, C, D), the distance in the alphabet being
given by the most significant impact of the variant.

The production obtained and related to the standard humidity of 14% in the studied hybrids
is shown in Table 3. The highest production was recorded in hybrid 10 (11079 kg/ha) and the
smallest in Turda 201 hybrid (6021.33 kg/ha). Between the H3 and H6 hybrids the harvest
differences do not have significant increases between them, being close enough in value.
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Table 3. The production of maize hybrid in Cojocna in 2018

Humidity at Grain production at Grain production

Hybrid FAO Group harvesting the harvest (kg/ha) at humidity 14%
(%) (kg/ha)
H3 (P0216) 450 16.5 10714.8 9091.34
H4 (P0933) 500 16.4 11246.41 9600.59
H5 (P0023) 400 15.6 10571.12 9486.90
H6 (P0412) 480 17.1 11806.75 9666.34
H7 (P9415) 340 15.9 10104.17 764431
H8 (P0268) 420 16 10025.14 8841.14
H9 (P9757) 370 15.9 12345.55 8827.17
H10 (00K449) 15.6 12345.55 11079.34
H11 (Turda 332) 380 15.8 8624.28 7641.76
H12 (Turda 201) 340 15.3 6580.46 6021.33

FAO = Food and Agriculture Organization of the United Nations
Conclusions

Based on particularities of the biological material, the specific consumption are basic
elements in choosing the type of fertilizer, including setting the recommended doses, together
with soil analysis, climatic conditions and other factors that determine agricultural production.

The experiment shows that the type of fertilizer recommended must take into account the
productive potential and the genetic particularities of the cultivated hybrids, which differentially
value the nutrients made available, given their different consumption.
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Abstract

This paper implements the Analytic Hierarchy Process (AHP), a multi-criteria decision-
making methodology, in the selection of the most promising wild berries in Botosani County.

The selected wild berries were: Rubus idaeus, Cornus mas, Sambucus nigra, Prunus spinosa,
Crataegus monogyna, Sorbus torminalis, Prunus avium and Pyrus pyraster. First, based on the
criteria taken into consideration, it was established a hierarchical structure of the eight selected
wild berries and subsequently, it was tested using Expert Choice software. The ranked list
indicates that the higher scores were obtained by wild cherry and red raspberry, while the lower
ones were obtained by blackthorn and European cornel. In Botosani County the wild berries
sector is characterized by great potential and diversity, but this sector is not capitalized on the
real potential. The analysis of the potential of Botosani County with regard to the most
important wild berries for collection and capitalization can help improve in the future the
management strategies of these resources.

Keywords: analytic hierarchy process, Botosani County, wild berries, wild cherry
Introduction

There is an increasing trend at a global level regarding the consumption and merchandising
of forest fruits due to their nutritive values and active principles [1]. These aspects offer them
the status of sanogen nutriment [2], being considered biological, natural and ecological products
[3]. Together with the increase of population and implicitly with the increase of fruit
consumption, many species have become the object of culture expansions. The main advantage
is represented by the production’s high productivity. However, wild berries are superior as a
qualitative ratio [4].

In Romania, data regarding the quantities harvested from forest ecosystems mark values
gathered between 3000-4000 tons of forest fruits, with the most significant quantities recorded
by Rosa canina L., Rubus idaeus L., Rubus hirtus W. et K., Vaccinium myrtillus L. and
Hippophaé rhamnoides L. [5].

At a national level, Botosani County has a varied assortment of forest trees and shrubs that
generate edible fruits that can be capitalized. Even though the forest fund’s surface is situated
much under the national average [6], the area has the possibility of collecting considerable
quantities of forest fruits.

According to the last annual report [7], the only forest fruits that were capitalized from
Botosani Forest Directorate were rosehip. The diversity of forest fruits can offer the possibility
of using these resources to obtain new and varied consumption products and an alternative
source of income for this sector.

Therefore, it is recommended to take into consideration the economic value of these products
when developing forest management plans [8].
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Methodology

Botosani County is part of the North-East development region and occupies a surface of

4986 km? (Fig. 1).
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Fig. 1. Location of Botosani County

The relief is not very varied, being mainly hilly, while the climate is strongly influenced by
East air masses. This leads to a lower average annual temperature lower (8-9°C), with
precipitations irregularly distributed during the year.

The fields covered with forests amount to 55,869 ha [9], from which 60% are mainly owned
by the state [7] and are managed by Botosani Forest District through its six subunits (Botosani,
Darabani, Dorohoi, Flamanzi, Mihai Eminescu and Trusesti). The vegetation is predominantly
composed of broad-leaved forests formed of pedunculated oak and holm, mixed with common
beech, hornbeam, ash, linden, silver linden, bird cherry, shadberry, maple etc. In addition,
shrubs frequently appear in forest clearings or near them such as hawthorn, hazel, cornel-tree,
dogwood, brier or blackthorn.

Information regarding the type and frequency of wild berries present in the forests from
Botosani Forest Directorate were obtained by consulting the following documents: forest
management plans, annual reports from ROMSILVA — the National Forest Registry, as well as
reports from the National Institute of Statistics.

The study was conducted in two phases: the first phase included defining the criteria and the
preliminary list of wild berries types common for Botosani County. Thus, a set of nineteen
criteria and eight types of wild berries were taken into consideration. The same set of criteria
was applied in several recent investigations focused on the potential of non-wood forest
products conducted in Maramures [10], Prahova [11], Bihor [12] and Gorj [13].

The second phase of the study involved an AHP (analytical hierarchical process) analysis in
order to establish criteria importance. This method was designed by Saaty T.L. [14] and is a
popular approach used in prioritizing alternatives and making choices. Therefore, the limited
number of criteria and alternatives make this methodology appropriated for use in this type of
study. The criteria were evaluated in pairs and quantified by experts according to a scale from
0 to 8. Subsequently, the expert’s weights were computed using the Expert Choice software.

Results and Discussion
The eight main wild berries considered in the case of Botosani County were: red raspberry
(Rubus idaeus L.), European cornel (Cornus mas L.), European black elderberry (Sambucus

nigra L.), blackthorn (Prunus spinosa L.), common hawthorn (Crataegus monogyna Jacq.),
chequers (Sorbus torminalis (L.) Crantz), wild cherry (Prunus avium L.) and European wild
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pear (Pyrus pyraster (L.) Burgsd). The AHP alternative ranking along with the scores of the
criteria is provided in Tab. 1.

Table 1. AHP alternative ranking

Berries
Criterion RubusCornusiSambucusPrunus|Crataegus Sorbus [Prunus| Pyrus
idaus| mas | nigra spinosamonogynatorminalis|avium piraster|
1 P 3 U 5 6 7 8
1 |[Harvesting period 1 4 3 5 8 6 2 7
Harvested
2 quantity/worker /8 hours 2 3 6 4 ! > 7 8
3 Harvesting cost 2 1 3 4 8 5 6 7
y  [oomisiEs i 15 2 6 7 8 3 4
harvesting
s Tools needed for 1 ) 3 4 6 5 2 7
harvesting
5 [y ot 1 2 3 4 6 5 8 7
harvesting process
- Development of 1 5 3 4 5 6 3 7
harvesting process
o KowistiEe i 15 6 7 2 8 3 4
recognition
O  |Distribution range 3 8 7 4 5 6 2 1
10 [Biotic threats 3 7 2 8 5 4 1 6
11 |Abiotic threats 7 4 6 1 2 3 8 5
12 |Perishability 8 3 6 1 2 5 7 4
13 [Market potential 8 3 2 1 6 4 7 5
14 |Market demand 8 4 6 1 3 5 7 2
15 Celebrity” of the 2 5 4 1 6 3 7 5
product on market
16 [The price of raw product|8 4 3 1 2 6 7 5
17 The price of the derived 2 3 5 1 4 6 7 )
products
13 Portfolio of derived 2 3 ) 1 4 5 7 6
products
19 Transport (harvesting - > 4 4 5 1 7 3 6
storage centre)

As shown in Fig. 2, the best results were obtained by Prunus avium and Rubus idaeus, while
the lowest results were obtained by Prunus spinosa, closely followed by Cornus mas.

It is clear from the ‘Performance Sensitivity’ graphic that Prunus avium L. outperforms the
rest of the alternatives, mainly due to the low number of tools needed for harvesting (criterion
5), the low the harvesting process complexity (criterion 6), the highly developed harvesting
process (criterion 7), the low number of abiotic threats (criterion 11) and an easy transportation
from the point of harvest to the storage centre (criterion 19). The main drawbacks of sweet
cheery are the high number of biotic threats, the limited distribution range and the short
harvesting period.
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Fig. 2. Ranking of the selected NWFPs

In our country, wild strawberry grows in hill regions wherein it enters as a mixture species
in broad-leaved forests under a disseminated form, covering a surface of approximately 7600
ha [15]. The species has an annual and abundant fructification, with a national annual fruit
production of approximately 42000 tons [16].

The fruits are rich in sugars, organic acids, vitamins, pectin and also contain significant
amounts of mineral substances and colorant agents [17].

From an economic point of view, sweet cherry is considered a high-value fruit being
valorised as fresh fruit or as various processed products (frozen cherries, canned and jar
cherries, brined cherries, juice, wine, liqueur, distilled spirits, etc.) [18].

Red raspberry (Rubus idaeus L.) is the second most promising berry for the studied county.

Compared to sweet cherry, the red raspberry performs better in distribution range, biotic
threats, perishability, market potential, market demand, “celebrity” of the product on market,
the price of raw product, the price of the derived products and the portfolio of derived products.

The species is common in our country, being present in the entire forest area situated between
hills and the superior forest limit, preponderantly in thin forests and clearings where it vegetates
well on trophic soils [19].

It is considered to be one of the most valuable and commercially important forest fruit
shrubs, with quantities obtained from one hectare varying between 70 and 520 kg [4]. It is also
one of the most popular berries worldwide because of its flavour and nutritional content [20].

The red raspberry’s popularity on the market is also a consequence of the fact that the fruit
has multiple uses. As such, it can be consumed fresh or processed into various products (juice,
syrup, sherbet, jam, marmalade, vermouth, liqueur, etc.). In addition, this fruit contains a high
concentration of bioactive compounds with antioxidant, tonic, depurative, diuretic and laxative
properties being recommended in traditional and alternative medicine to treat several affections
[21].

According to numerous experts, blackthorn (Prunus spinosa L.) was placed near the bottom
of the ranking, very close behind European cornel (Cornus mas L.). A similar result was
obtained by Vechiu E. and Dinca M. [22] in Neamt County.

This result is explained by the high number of criteria that have obtained a score of 1.
Amongst all berries, blackthorn is the most unpopular product, with the lowest potential and
demand on the market, although it is known to have a lot of positive properties [23]. Fruits are
reported to possess significant levels of nutritional compounds (sugars, organic acids,
polyphenols, anthocyanins, vitamin C, tannins) [24]. Moreover, these compounds are
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recognized to have pharmacological effects, including anti-inflammatory, anti-septic, anti-
diarrheic and spasmolytic effects [25].

On the other hand, blackthorn fruits are not commonly appreciated and consumed fresh
because of their astringent taste and high acidity, which is usually used in combination with
other fruits to make jams, juices or syrups.

Conclusions

The wild berry sector from Botosani County is characterized by great potential, an aspect
highlighted by the diversity of edible fruit species. As shown by official data, these resources
are not managed and capitalized at their real potential. The most promising forest fruits from
this area are sweet cherry, red raspberry and European wild pear. In addition to dog rose, these
wild berries could be included in forest management programs as they possess a high economic
potential.

In conclusion, these types of analyses can help contribute to a better knowledge of the
harvesting, benefits and utilization of these species, as well as to improve future management
strategies for these resources.
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Abstract

In the national economy of a country, of a region, the rational use of surface and ground
water resources for the purpose of ensuring water equilibrium as a continuous balance between
resources and demands, as well as the protection of water quality are a vital requirement for all
economic and social activities. The surface and ground water flow regime is influenced by the
hydrogeomorphological and hydrogeological conditions within the hydrographic basin. This
paper presents the physico-geographical conditions within the Moldova hydrographic basin,
which drains a surface of approximately 4300 km?. The hydrographic basin of the Moldova
River is located in the northeaster part of the Eastern Carpathians and the north-western part of
the Moldavian Plateau. The altitudes are ranging between 180 m (Roman) and 1856 m (Gimalau
peak): approximately 80% of the basin surface has altitudes between 250-1000 m and 16% has
elevations above 1,000 m. When it comes to the incline of the land, about 72% of the surface
has a slope smaller than 15%, 23% has a slope between 15-25% and over 5% of the basin
surface has a slope larger than 25%. The mean annual temperatures increase from the value of
2.00°C in the upper part of the hydrographic basin, to the value of 8.7°C in the lower part. The
average amount of rainfall decreases gradually from springs, where 925 mm of rainfall is
recorded annually, to the value of 514 mm, towards the confluence with the Siret River, in
Roman. The dense hydrographic network (0.55 km/km?) with its sinuous route, the presence of
a great number of old runways and abandoned meanders from the extra-Carpathian sector of
the hydrographic basin, the relatively flat lands with many micro-depressions in the meadow
and the terrace areas, as well as the presence in the soil profile of the Bt horizon, with low
permeability, has led to the appearance and maintenance of excess water both on soil surface
and profile. In order to regulate the hydric regime on the surface and profile of the soils from
the extra-Carpathian sector of the hydrographic basin of the Moldova river, drainage works
have been carried out over time totalling a surface of 8761 ha of which 3059 ha have been
underground drainage works.

Keywords: hydrographic basin, land slope, drainage
Introduction

The hydrographic basin may be defined as a physiographic unit bounded by topographic
divides that limit the areas of land drained by a main river, its affluent and sub-affluent [1].

Romania has a 78 905 km long hydrographic network, which drains an area of 238 391 km?.

The water resources in the inland rivers amount to 40 billion m?, which represent 20% of the
water resources of the Danube River. Romania has a specific resource from the inland rivers of
1840 m3/inhabitant/year and it ranks 13th in Europe [2].
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Environmental issues regarding the protection of water resources are a real challenge to
sustainable development and require protection policies and measures. Vulnerable situations in
water resources, especially surface ones, are the subject of debates at both international and
national levels [3].

Through their different activities, men intervened and modified the geomorphological
landscape both indirectly, influencing the dynamics of the modelling processes, and directly,
by erecting certain buildings [4]. Anthropic activities carried out for the complex development
of river basins for primary economic goals, such as: drinking water supply, industrial and
irrigation water supply, flood prevention and control, soil erosion control, drying-drainage
works, etc. significantly impact the environment [5].

Slope waters, which occur in cases of sudden slope changes (mountain areas, transition areas
from hill to plateau), where liquid flows may take with them suspensions and coarse material,
have unpredictable negative effects when they are associated with areas of massive
deforestation [6], [7], [8].

The quantitative knowledge of hydrological parameters (rainfall and flow) and their spatial
and temporal variability on the regions or basins should be understood as essential to the
efficient planning and management of water resources [9].

Methodology
The Moldova river basin is located in the NE part of the Eastern Carpathians and in the NW

of the Plateau of Moldova (Fig. 1). The basin is bounded by 25°08'37"-26°58'35" meridians east
longitude and 46°55'37"-47%43'38" parallels north latitude.

BULGARIA T

Fig. 1. Localization of the Moldova river basin in Romania

Many geographers [10], [11], include this area in the Subcarpathia region, as an external
hilly piedmont plateau unit. In 1980 it was included in the Moldova Plateau under the name
Piedmont Plateau [12]. This Piedmont Plateau also comprises the wide Moldova floodplain
between Paltinoasa and up to Roman, called the Baia-Moldova-Roman piedmont plain [13].

The SRTM 90 data re-projected in Stereo 70 were used and processed using the QGIS
software in order to draw the thematic maps of the Moldova river basin (hypsometric map, land
inclination map).

River basin data extracted from a worldwide climate database, covering the period 1950-
2000 [14] available on the website http://www.worldclim.org/ were used to determine the
monthly and yearly average thermal and rainfall conditions.

Results and Discussions
River basins are geomorphological river systems that may be described by a large number

of variables. Hydrogeomorphological and hydrogeological conditions influence the surface and
underground runoff within the river basin. The Moldova River has its source (springs) at an
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altitude of 1116 m in Obcina Feredeului, Lucina Peak. The river is 213 km long, 110 km of
which are in the extra-Carpathian area, downstream from the town of Gura Humorului.

The Moldova River basin drains an area of about 4300 km2, about 2410 km2 of which in
the extra-Carpathian region. The hydrographic network has a winding route, with numerous old
river beds and deserted meanders, with an average density of 0.55 km/km?2, which exceeds the
country average of 0.49 km/km?2.

The altitudes, within the basin, range between 180 m, at Roman, and 1856 m, Giumaladu peak
(Fig. 2). In the floodplain, the altitude of the Moldova river decreases from 480 m, at Gura
Humorului, to 285 m, at Draguseni, reaching the level of 236 m at Tupilati and 180 m at the
confluence with the Siret river.
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Fig. 2. Altitude map and their share

About 16% (702 km?2) of the river basin area has altitudes greater than 1000 m, 27% (1178
km2) between 750 and 1000 m and 20% (843 km2) between 500 and 750 m. The altitude of the
largest area of 1380 km2 (32%) ranges between 250 and 500 m and only about 197 km2 (5%)
have altitudes between 180 and 250 m, these areas being located in the extra-Carpathian area,
in the SE part of the river basin.

Within the Moldova river basin, the variety of the relief influences the territorial distribution
of the water flow. This influence is exerted by the fragmentation and slopes of the relief on
which the shallow flow occurs. The Moldova river basin has a fragmented and rugged relief
represented by mountains, hills and plateaus.

As concerns land slope intervals, the slope of the largest area in the river basin, about 1419
km?2 (33%), is less than 5%, the slope of other 870 km2 (20%) ranges between 5 and 10%, 792
km2 (19%) between 10 and 15%, 620 km2 (14%) between 15-20%, 372 km2 (9%) between 20-
25% and approximately 227 km2 (5%) have a slope greater than 25% (Fig. 3).
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Fig. 3. Map of variations in relative altitude and of the share of slopes
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Climate, through solar radiation, thermal and precipitation regime, air humidity and wind
speed, is the main genetic factor of flow and flow variations, with great implications in the
morphogenesis of the relief. From a climatic point of view, the Moldova river basin is thought
to belong to the temperate continental eastern European region, which also presents some
transition characteristics from wet, oceanic and sub-Baltic components in the upper course, to
more excessive ones in the lower course, which are accompanied by the foehnization of air
masses descending on the eastern slopes of the Eastern Carpathians. The NV-SE direction of
the Moldova valley and its couloir shape allow air masses to be channelled in this direction and
especially in the cold season they facilitate frequent thermal inversions [15].

The relief determines a vertical progression of climatic processes and phenomena so that
temperature decreases with altitude. Within the basin, the air temperature increases from 1.99°C
in the upper part to an annual mean temperature of 8.7°C in its lower part, at the confluence
with the Siret river. Given the various locations of the weather stations within the basin, one
may rely on the spatial diversity of this parameter. Within the Moldova river basin, the 2.3°C
isotherm is located in the Eastern Carpathians area, the Rardu Mountain, then it increases to
6.5°C in the Campulung-Paltinoasa sector, to 8.2°C in Falticeni and Targu Neamt and 8.6°C in
Roman (Fig. 4).
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Fig. 4. Map of temperatures and average values recorded at the main weather stations within
the Moldova river basin

The amounts of precipitation gradually decrease from the springs (925 mm) to the
confluence with the Siret river (514 mm). In Roman, the amount of precipitation decreases
considerably compared to the upper part of the basin and approaches values specific to the forest
steppe climate (Fig. 5).

Fig. 5. Map of precipitation distribution
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The Moldova river basin being located on different types and forms of relief, presents a
complex soil cover. The distribution and characteristics of the pedogenetic factors favoured the
appearance of a diverse range of zonal soils, but also the presence of hydromorphic and/or
halomorphic intrazonal soils, which results in the mosaic appearance of the soil cover.

The relatively flat land in the Moldova river floodplain and terraces, with many micro-
depressions, the presence in the soil profile of the Bt low permeability horizon, the large
amounts of precipitation fallen in 1-5 consecutive days and/or the melting of snow led to the
occurrence and maintenance of excessive water both on the surface of the soil and in its depth.

In order to regulate the surface and in-depth water regime in the extra-Carpathian soils of
the Moldova River basin, surface and subsurface drainage work shave been developed over
time on a total area of 8761 ha, 3059 ha of which also included underground drainage works.

Conclusions

Given the rocks, altitude, fragmentation, slopes and obvious altitudinal zoning, the Moldova
river basin relief is a very important element on which depends the flow regime.

The altitudinal position is of great importance in terms of water inflows and outflows and
alluviums moving in the river basin. The altitude of the relief in the Moldova river basin
determines a vertical zoning of different climate conditions. The annual average temperature in
the upper part of the river basin is 2°C, whereas the rainfall amounts are as high as 925 mm,
whereas in the lower part the average temperature is 8.7°C and the annual rainfall mean is 514
mm.

Considering the temporal and spatial variation of rainfall and implicitly of the Moldova
River flows, in conjunction with the demand, it is essential to properly estimate the available
supply of water for the efficient implementation of all its management and sustainable use tools.

The physico-geographical conditions within the river basin have supported the occurrence
and maintenance of excessive moisture, in the soil and on the surface of the land, in the Moldova
river floodplain and terraces. The Moldova river floodplain and terraces in the form of strips,
which are almost parallel to the river bed, with small slopes, with flat areas and many micro-
depressions, facilitate water stagnation. The excess of rainwater and/or groundwater, as well as
the excess of water from hydrographic network outflows materialized in different forms and
intensities, both on flat and sloping land.
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Abstract

The cadastre and the land register are a unitary and mandatory information system for
keeping technical, economic and legal records of all immovable properties, regardless of their
destination and owner. Such properties can be registered in the land register either by sporadic
or systematic cadastre. Currently, the National Cadastre and Land Register Program 2015-2023
is running, the purpose of which is the free registration of immovable property into the
integrated cadastre and land register system, the drawing up of the cadastral plan and the
opening of land registers at the level of all territorial administrative units. This paper presents
the cadastral documentation stages necessary in order to introduce the systematic cadastre in
cadastral sector 2, with a surface of 525,942 m?, located outside the built-up area of Gadinti
commune, Neamt county. The systematic registration of immovable property is carried out
within a complex process that includes: conducting information and public awareness
campaigns for the owners or possessors; identifying TAU and cadastral sector boundaries;
identifying the immovable properties; the holders of real rights and their owners; taking
cadastral measurements and collecting legal documents; notifying the chamber of public
notaries in case of un debated inheritance rights; updating information collected from the field
with information from sporadic records; receiving cadastral technical documents; publishing
and displaying cadastral technical documents; recording and solving appeals; updating cadastre
technical documents; issuing certificates by the notary public for the registration in the land
register of the acquirers as owners; closing systematic cadastre works, in order to be registered
in the land register; opening new land registers; closing old records; communicating certificates
of completion of registration, land register extracts and the extract from the new cadastral plan;
archiving documents. One hundred and four real estate were identified within the sector as
being positioned according to the documentary evidence of the property, without any errors
related to positioning or surface. The registration in the land register was carried out without
the financial contribution of the owners, the money acquired from ANCPI’s own funds.

Keywords: systematic cadastre, land register, immovable property, owner
Introduction

The inventory and systematic registration of real estate could be considered as one of the
largest actions of systematization performed at national level, having significant economic,
legal and social implications. The complexity of this process involves the use of working
techniques and methods that would generate a high degree of precision and accuracy during
each stage, given the fact that the potential errors that could occur for various reasons could
exercise negative repercussions on the people and institutions involved [1], [2], [3].
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The issue regarding the systematic management of properties and the renting of lands and
properties is a characteristic of every developed society, the increase in land value entailing
higher quality demands. One of the historical reasons for creating the real estate cadastre was
to collect taxes and, naturally, to define property rights over real estate. Currently, the real estate
cadastre has an irreplaceable function in market economy [4].

The onset of the Greek financial crisis has directly brought to the fore the lack of integrated
digital data on both public and private properties. Thus, three consecutive programs were
established in 2010-2012, 2012-2014 and 2015-2018 which prioritized the completion of the
Greek cadastre in order to facilitate taxation, to exploit public property, and to develop the
economy and investments [5].

Methodology

The Romanian National Cadastre and Land Book Program (PNCCF) 2015-2023 aims at
registering real estate into the integrated cadastre and land book system, drawing up the
cadastral plan and opening land books at the level of all territorial administrative units, free of
charge [6].

The systematic registration of properties into the integrated cadastre and land book system,
based on the reality in the land, is done by default and free of charge. This program is financed
from the Romanian National Agency for Cadastre and Land Registration (ANCPI)’s own funds,
external non-reimbursable funds (EU), or allocations from the budgets of territorial
administrative units.

The cadastral works are done at the level of the territorial administrative units (TAU), based
on cadastral sectors. Thus, a number of 3,181 TAUs are involved, of which 103 are
municipalities, 217 are cities and 2,861 are communes [7], which estimate approximately
40,000,000 real estate.

The territorial administrative unit Gadinti, subjected to study, is located in the southeast of
Neamt county, 6 km from Roman municipality, on the left bank of the Siret River, at 46°56°00°’,
northern latitude and 27°01°00°” eastern longitude (Fig. 1).

Fig. 1. Locaion of Gadinti commune

The total surface of Gadinti territorial administrative unit is of 4,329 ha, of which 1,649 ha
are an agricultural area and 2,680 ha a non-agricultural area. The structure of the useful area is
the following: 1,274 ha arable land, 241 ha pasture, 89 ha meadow, 13 ha vineyard, 32 ha
orchards, 2,284 ha forests, 91 ha water, 70 ha roads, 209 ha yards and buildings and 26 ha non-
productive land. The built-up areas of the commune of 396 ha comprises 40 cadastral sectors.

Moreover, the 3,933-ha area of unincorporated area comprise 28 cadastral sectors.

The systematic cadastral works within the cadastral sector no. 2, having an area of 525,942
m2, from the unincorporated area of Gadinti TAU were carried out and completed in the 2016-
2017 financing phase from ANCPI’s own funds, through the Romanian National Cadastre and
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Land Book Program. The cadastral sector no. 2, with the category of use of arable land,
comprises the land parcels “Cosere” and “Cemetery Plan” (fig. 2).

" 4

Cosere

Cemetery Plan o

Fig. 2. Cadastral sector no. 2 of the unincorporated area of Gadinti TAU

In order to take the topographic measurements necessary to draw up the systematic cadastre
works in the cadastral sector no. 2, the ROVER STONEX S9 GPS was used, while the
following programs were used for data processing: AutoCAD Map 2012; TopoLT; Raster
Design; CG v3 Generation application; Eterra3 National Program; Microssoft Office 2010
package.

Results and Discussions

For the systematic registration of real estate from the cadastral sector no. 2 and the
unincorporated area of Gadinti TAU, through PNCCF 2015-2023, the steps provided in the
Technical Specifications for carrying out the systematic cadastre works on cadastral sectors in
order to register the real estate in the land book financed by the Romanian National Agency for
Cadastre and Land Registration, Annex to Order no. 979/05.08.2016 [8] have been taken.

In order to notify the owners and any other holders, respectively, who have properties in the
cadastral sector no. 2, about the beginning of the systematic registration works, as well as of
the procedure, benefits, rights and obligations entailed during these works, the provider has
distributed leaflets to these residents of Gadinti TAU and posted 5 posters. The posters were
displayed at the Town Hall, the community centre, the church and in two bus stations.

In the pre-preliminary stage of the systematic cadastre works, the provider has analysed
analogue and digital data related to the cadastral sector no. 2, in the possession of the Gadinti
Town Hall and the Neamt Office for Cadastre and Land Registration (OCPI): the limits of
Gadinti TAU and of the built-up area; the limits of the cadastral sector; the orthophoto map;
plot plans approved by the local commission and received by OCPI; pdf files extracted from
the database of property deeds and textual data extracted from the DDAPT platform for the
plots of land in the established sector; copies of the land books and of the location and
delimitation plans of the real estate taken from sporadic registration. The limit of cadastral
sector no. 2 was established based on the built-up/unincorporated area limit, on the orthophoto
map and on the topographic plans at a scale of 1:10 000.

The provider identified the locations of the real estate that were not included in the land book
with the help of the sporadic cadastre, based on the property deeds and limits indicated by the
owners and town hall representatives. The topographic measurements used to determine the
cadastral sector no. 2 and the component real estate were taken with the help of ROVER
STONEX S9 GPS. Moreover, the data processing and the determination of the flat rectangular
coordinates were carried out in the national system STEREO 70.

The holders of real estate in the cadastral sector no. 2 were identified based on the documents
presented by the owners and provided by the Gadinti Town Hall and OCPI Neamt. Furthermore,
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the provider has collected, in the form of legalized copies, the legal instruments attesting to the
property right or other real rights of the real estate holders (property deed, civil judgment, heir
certificate, etc.), with the exception of those existing in the archive of Gadinti Town Hall or
OCPI Neamt. In order to maintain a proper evidence and an efficient organization, data files
were drawn up of the 104 real estate within the cadastral sector no. 2, which included the names
of the owners and/or holders, their identification data, the surface, the number of the cadastral
sector, the position of the property in the land plot, the instrument making proof of the property
right, etc.

After updating the information collected from the field with those from the sporadic
registration, the provider has drawn up the technical documents specific to the systematic
cadastre: the real estate cadastral register; the alphabetical index of the holders of real property
rights, of the owners and other holders; the overall cadastral plan (Fig. 3); the basic cadastral
plan. These documents highlight the state of fact determined on the land and constitute the
grounds for the default registration of the real estate into the cadastre and land book integrated
system.

Fig. 3. Overall cadastral ma};

The technical documents of the cadastral sector no. 2, countersigned by the mayor of Gadinti
commune, were submitted with OCPI Neamt in view of reception, respecting the two stages:
reception for publication and the final reception. After the technical documents were accepted
for publication by OCPI Neamf, the territorial office together with the Gadinti Town Hall
established the date of publication, once it was communicated to ANCPI and to the provider.

The previous announcement about the public display of the cadastral technical documents at
the Town Hall was published on the official website of the Gadinti Town Hall and in the local
newspaper. Furthermore, the holders of the real estate were notified within a public meeting
with regard to the date and the period when the technical documents were on display and their
obligation to check the information related to their real estate in order to submit potential
requests for rectification or appeals about their capacity as holders. In the case of the cadastral
sector no. 2 from the unincorporated area of Gadin{i commune, no requests for rectification
were made and no sporadic cadastre works were done in parallel, therefore the technical
documents were submitted for the final reception.

In the aftermath of the final reception, the systematic cadastral works for cadastral sector no.
2 were closed, and the new land books for the 104 real estate was opened by default (Fig. 4).

The Romanian National Agency for Cadastre and Land Registration has sent to Gadinti
territorial administrative unit the land book extracts for information and the cadastral plan
extracts to be communicated to those concerned.
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CADASTRAL PLAN

AU, Gadinti, Neamt County, Cadastral Sector 2

Scale

2000, STEREO 70 Projection System

Legend:

Fig. 4. Basic cadastral plan of Sector 2

Of' the 104 real estate delimited within the cadastral sector, 24 real estates with a total surface
of 99,887 m? are the subject of the estate division and 14 real estates with a surface of 26,505
m? are in the possession of Gadinti commune. Based on the protocol entered into between
ANCPI and the National Union of Notaries Public of Romania, the territorial office notified the
chamber of notaries public, in case of undivided estate, in order to distribute the successional
cause to the notary public competent to issue the heir certificates as well as, under the law, the
certificates for registering the holders as owners in the land book.

Within the cadastral sector no. 2, the largest real estate has a surface of 32,500 m? and the
smallest 500 m?, however, there is the possibility of reducing the surface of the real estate
following the estate division and severance of the joint tenancy, given the fact that there are up
to 10 heirs to a single real estate.

Conclusions

The cadastre and the land book as a unitary and mandatory information system for keeping
technical, economic and legal records of real estate facilitates the fair collection of taxes and
fees, the development of the mortgage credit market and the increase in the safety of the civil
circuit of properties.

The systematic cadastre ensures the inventory of land at an alert pace, and highlights the
mistakes, shortcomings as well as the additions of land held with or without documentation.

The cadastral works are more correctly and more accurately done than in the case of the
sporadic cadastre, offering a high accuracy of data and a sure location of the real estate.

The free registration of all properties, through the Romanian National Cadastre and Land
Book Program, contributes to completing the process of restoring real property at TAU-level,
to registering real estate held without documentation (holders) and to issuing heir certificates.

Moreover, it creates the premises of land reparcelling, contributes to the rapid development
of infrastructure projects and accelerates economic growth.
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Abstract

For this paper, the authors prepared a research based on the data of 8 different farms. The 8
farms operate in the vegetable production sector and are located in different areas of lasi and
Suceava counties. The main analysed elements in the research are the areas allocated to each
crop for the agricultural year 2018-2019. Starting from these values, the main economic-
financial indicators of the companies were analysed, such as turnover, profit and employees’
number. Within these farms, the area allocated annually to each crop is established on the basis
of crop rotation principles. In addition to the scientific arguments related to the nature of the
production, the studied farms also use economic arguments as will be explained in the paper.

The eight studied farms total 22 crops or other types of land use. They sum a total area of
3,589.20 ha, with an average of 448.65 ha per farm. The most important crops from the area
allocation point of view are wheat (787.34 ha —21.94%), corn (668.30 ha — 18.62%), and seeds
(577.22 ha — 16.08%). The analyzed farms have a size from 100.00 ha (2,79% of the total) and
1,097.18 ha (30,57% of the total). The farms selected for the research were not necessarily
similar in terms of size, in order for the authors to obtain a clearer comparison of the unit’s
different economic-financial indicators, as it will be seen in the paper.

Keywords: financial competitivity, efficiency, farm optimization
Introduction

The paper presents a series of considerations regarding the optimization of the areas
exploited within the primary production vegetable farms. The topic of the agricultural size of
the exploitations in Romania and in the European Union represents a particular interest for the
specialized institutions for several reasons.

There are numerous strategies, policies and tools for improving working conditions in all
types of farms, especially those of subsistence and semi-subsistence. Based on the statistics
compiled by the relevant institutions of the Member States, the decision makers issue
Recommendations which are transposed into the national legislation of each state.

Alternatively, a number of instruments, in particular financial ones, are being promoted to
improve the current discrepancies between Member States. All these initiatives are
implemented on the principles of the Common Agricultural Policy.

The Common Agricultural Policy is the agricultural policy of the European Union which
aims on the one hand at the sustainable growth of agricultural productivity in order to ensure
food security for Union citizens and on the other hand at ensuring a reasonable standard of
living for agricultural producers and rural residents [1].
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All these initiatives are based on a series of findings, among which the most important are:
a. in 2016, there were 10.5 million agricultural units in the European Union, and of these, two
thirds had an area of less than 5 Ha; b. in 2016, agricultural units in the territory of the E.U.
exploited 173 million hectares of agricultural land of production, this area representing 39% of
the total area of the E.U.; c.

The number of agricultural exploitations is in a sharp decline, while de exploited area has
remained constant [2].

In the same year, one third, respectively 32.7% of agricultural units in the territory of the
U.E. were in Romania. This share is a very high one, by far the highest of all the E.U. 28 states.

At the same time, the number of agricultural units is comparable to those of Poland (13.5%
of units), Italy (10.9% of units) and Spain (9% of units) combined, these three states being the
next in terms of share, after Romania [2].

The Romanian rural area has numerous shortcomings, these representing also the reason of
disparities between urban and rural areas with all their components: rural economy,
demographic potential, health, school, culture, etc. [3].

Since the date of the Romania’s accession to the E.U., a number of functional financial
mechanisms and instruments within the E.U. have been made available to Romania. They
operate on the basis of the rules of the Common Agricultural Policy and aim to reduce
disparities regarding the size of the farms.

These instruments include: 6.1 Branch from E.A.F.R.D. — Young farmers, and is meant to
decrease the average age of the employed population in agriculture [4]; 6.5 Branch — scheme
for small farmers, aims to increase the average area of agricultural units at national level by
assigning, in exchange for a non-reimbursable support, the areas of small agricultural units in
favour of larger farms, and others.

Methodology

The necessary studies for the elaboration of this paper have been carried out during the years
2018-2019, using as sources of information especially the primary data. In this regard, a series
of interviews were carried out at the headquarters of the agricultural unit studied, in the counties
of Iasi and Suceava.

The documents of the unit regarding the evolution of the areas used for crops in the
agricultural year 2018-2019, the financial accounting documents regarding the evolution of the
economic indicators, the evolution of the technical capacity through the investments made and
other aspects were analysed.

On the other hand, data from secondary sources, respectively the specific literature in
Romania and abroad was used, including the statistical directories available at national level.

Both the data obtained in the analysis of the documents of the agricultural units as well as
those of the specialized literature were processed and interpreted in order to highlight the size
of each unit analysed separately.

Results and Discussions

The authors carried out an analysis regarding the main economic efficiency indicators on a
number of 8 farms.

The 8 agricultural units have areas with a total size between 100.00 ha and 1,097.18 ha, the
average area exploitation of the 8 units is 448.65 ha.

By the interviews conducted with the farmers regarding their intentions to optimize the
exploited areas, the main ideas are the following:
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» The agricultural units analysed are part of the category of large, industrialized and
performing farms.

» The management within the interviewed farms have as permanent goal the extension
of the exploited areas, by acquiring land or leasing it from the owners;

» The development of the areas exploited by acquisition of land has an insignificant
contribution. This is due to several factors, the most important being: 1. The
population in rural areas, owners of agricultural land are mostly old and has a
conservative mentality, refusing to sale the land areas, even for competitive prices.
2. The small share of the population from the rural area willing to sell the agricultural
land has difficulties due to bureaucratic reasons. Specifically, the vast majority of
owners do not have updated documents regarding the land, as they do not carry on
the inheritance debate due to ignorance or displacement. For these main reasons, the
situations in which the private agricultural units complete a transaction regarding the
acquisition of land area are very seldom.

» The increase of the areas exploited by the lease from the landowners has a higher
share. Thus, the land owners are rather willing to offer the land for lease rather than
to sell it permanently to the industrial farmers.

» Regarding the increase of the exploited area through the lease of land, from the
research carried out and the discussions with all the 8 farmers, the following were
found: 1. There is competition between the agricultural units that lease arable areas
from the owners, meaning that they offer higher and higher amounts per hectare of
land or equivalent in agricultural products; 2. Because of the modernization of
irrigation infrastructure in recent years, due to farmers with initiative many assets
and large areas, the landowners from the perimeter of the modernized irrigation
infrastructures demand, without any of their contribution, increasing leasing values.
They motivate these increases on the land productivity increase in the irrigated areas,
an advantage due to the farmers, and not to the landowners.

By analysing the APIA area centralizations for the agricultural year 2019-2020, we could
centralize the areas of all the 8 studied agricultural units. It is thus noted that agricultural units
use the land for a very wide variety, totalling 20 agricultural crops and other forms of land use.

Due to the positioning of the 8 studied units in different regions of lasi and Suceava counties,
the specific pedoclimatic conditions do not allow for all a very large variety of the cultivated
crops. Tab. 1 presents the share of the 20 crops areas grown by the 8 agricultural units analysed.

The table shows both the size of the areas expressed in ha and the share of each crop in the
total area, respectively of each of the 8 analysed units.

It can be seen that the most important share has the crops of corn, wheat and sunflower.

Also, an important weight has the area allocated for seed lots, of 16.08% of the total area
analysed.

Seed lots have benefited, especially in recent years, from increasingly allocated areas.

The cultivation of seed lots is an activity with a very high economic efficiency. It requires
special precision in the soil and crop works, sufficient and high-performance machinery, and a
very precise timing in terms of start and finish of the crop works.

Instead, the prices offered for the production are significantly higher than for conventional
products.

In addition, prices are generally agreed before the establishment of the crop, based on a
contract, so that the farmer has a very accurate forecast of the financial flow of the agricultural
unit.
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Table 1. Area centralization of the 20 crops of the 8 analysed agricultural units — ha and percent

Crop name Crop share % Total area — ha
Corn 18.62 668.30
Wheat 21.94 787.34
Sunflower 10.10 362.49
Rape 8.19 293.78
Soybean 6.16 221.22
Seed lots 16.08 577.22
Beekeeping 0.72 25.75
Alfalfa 3.47 124.96
Feed crops 0.10 3.70
Permanent lawns 2.07 74.31
Temporary lawns 0.49 17.47
Barley 6.15 220.64
Oat 0.23 8.35
Potatoes 1.78 63.95
Meadows 2.54 91.05
Nurseries 0.06 1.98
Vineyards 0.33 11.70
Triticale 0.22 7.77
Chickpeas 0.30 10.75
Green peas 0.46 16.47
TOTAL 100.00 3,589.20

Customers of these products are, generally, multinational companies. They negotiate the
seed production with the large and efficient farms. They aim for these farms to own, at least
partially, irrigated crops, modern and sufficient technical resources and other assets and key
features. Fig. 1 shows the main categories of the land use for all the eight analysed farms. As
can be seen, the most important areas are allocated to cereal crops, followed by oil crops and
seed lots. Another analysis undertaken by the authors was a correlation between the exploited
area together with the number of employees, on the one hand and the turnover of the unit
together with the profit, on the other. Thus, Tab. 2 was developed, presented in the following.

Despite the fact that such an analysis is more relevant when several agricultural/calendar
years are subjected to analysis, even a one-year situation, 2018, reveals a series of data.

It can be observed, for example, that the highest rate of profit per employee is registered
within the units with a number of 7-9 employees of the eight studied units.

Area share for every crop category of the 20 crops - ha

1,684.63; 47%

13.68; 0%
F— -

63.95; 2% _ .

34.99; 1% _ | ]

182.77; 5%/ /N

154.41; 4%/ 577.22; 16%

Cereals = Oilseed crops = Seed lots Feeding crops
= Meadows and fans = Leguminous crops = Potatoes = Other crops

Fig. 1. Area share for every crop category of the 20 crops of all the 8 producers — ha and percent
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Also, it can be noted that the highest turnover per ha is registered in the case of units with
larger areas, of minimum 400 ha, up to 1,097 ha.

Table 2. Analysis of financial indicators in correlation with the exploited area (ha)
and number of employees, in 2018

Criterion 15t unit 2" ynit | 3 unit 4% ynit | 5% unit | 6% unit 7t unit | 8t unit
Exploited area | 507 05 | 150,98 | 446.24 17143 | 100.00 | 286.30 351.01 | 986.22
2019 — ha [5]

Employees

urnbos [6] 21 2 9 2 3 9 | 7
gﬁ%er‘le‘ 5,719,801 | 385,520 | 3,124,818 | 425,719 | 780,544 | 1,430,054 | 819,018 | 3,556,616
Profit— lei [6] | 255,239 | 42,590 | 292,635 | 44,625 | 68,875 | 544,786 | 135,349 | 967,565
Turnover per 272371 | 192,760 | 347,202 | 212,860 | 260,181 | 158,895 | 819,018 | 508,088
employee

Turnover per 5214 2,553 | 7,003 2,483 | 7.805 | 4,995 2333 | 3,606
used ha — lei

Profitper 15 154 21,295 | 32,515 22313 | 22,958 | 60,532 135,349 | 138,224
employee — lei

E;"_ﬁfe?er used 933 282 656 260 689 1,903 386 981

The most relevant information is given by the turnover and the number of employees that is
in close correlation with the allocated area. It can be seen as, as expected, the turnover increases
progressively with the number of exploited ha.

A number of other relevant information could be observed by studying the internal
documents of the companies. For example, a high degree of profitability could be observed in
terms of seed lot crops and maize crop, which justifies the allocation of large areas of these

Crops.

Conclusions

X/
L X4

X/
L X4

X/
L X4

X/
L X4

X/
°

The eight agricultural units on the basis of which the analysis was carried out are
growing a total number of 20 types of crops, on a total area of over 3,000 ha;

A permanent concern of the management of the unit is to expand the exploited area,
either through land acquisition or land lease;

From the research carried out, it seems that the acquisition of land has a negligible
contribution on the development of the exploited areas;

The main modality of area development is currently the lease, but in this situation
the agricultural units face some other certain problems;

The emergence on the market of the opportunities regarding the cultivation of seed
lots raised the rent value perceived by the landowners because of the competing
agricultural units high demand;

The development of the irrigation system is a major advantage for all industrial
producers, but it also implies the increase of the value of the rent perceived by the
owners who own land areas in the irrigated perimeters;
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% Starting from the number of employees, correlated with the exploited area, it was
found that within the 8 units studied the profit per employee has the highest rate at
the units that have 7-9 employees.
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Abstract

In recent years, packaging design has been increasingly perceived as an important branding
and rebranding element and as an important tool in a brand's marketing strategy.

The present paper analyses how packaging design is part of a local agricultural producer’s
marketing strategy and how it can help change the target audience’s perception of the
agricultural product and the brand itself.

The study was carried out through a comparative analysis between the old packaging of a
series of agricultural products existing on the market for several years and the new packaging
design, part of the manufacturer’s rebranding. The reasons for the change and the main
meanings behind it were also studied, together with the target audience’ perceptions, attitudes
and purchase decision regarding the old vs. new package.

The analysis was carried out within the “Ion Ionescu de la Brad” University of Agricultural
Sciences and Veterinary Medicine of Iasi, the agricultural producer being the Research Center
for Medicinal and Aromatic Plants within the Faculty of Agriculture.

The market research data conducted among 160 people located in lasi, Romania, revealed
that the new packaging design succeeded to communicate a more actual brand image and better-
quality perceptions, through a modern and complex packaging with multiple functionalities.

Keywords: Packaging design, agricultural marketing, marketing strategy, agricultural product, tea
Introduction

Marketing, through the complexity of its aggregate phenomena, has as main objective the
study of the product, price, placement and promotion and the way in which the interdependence
of these factors contributes to the success of a product or service in the current economy [1].

Being considered an integral part of the product-environment system, the packaging should
perform a series of functions, such as physical and barrier protection — product preservation,
handling, storage and transport, marketing — informing the consumers and promoting the
product as a “silent seller” [5].

In the rebranding strategy a variety of aspects regarding the packaging are considered, such
as: the ability to transmit the desired message and to reposition the brand in a few seconds in
the viewer’s mind correctly — depending on the desired message to be transmitted, the
packaging must have a pleasant appearance, the graphic design must support and strengthen the
other elements of identity, be easily noticed amongst a variety of products, to be functional (to
make the product easy to use and manipulate, to be easy to open, to resist pressure, not to
increase the volume of the product very much etc.) [3].

The packaging design has the function of communicating certain product information,
transmitting certain ideas and perceptions that help to form an opinion regarding the positioning
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of the product from several points of view: price segment (premium product/low-cost product),
characteristics (composition, quality), targeted niche of consumers, advantages of consuming
the product [2].

Methodology

The studies necessary for the elaboration of the present paper were carried out during 2019,
using mainly primary data gathered by means of a market research. Using a quantitative data
research method — a market survey carried out on 160 people located in Iasi County, Romania,
a comparison analysis between the existing package design of an agricultural product, used in
the last couple of years, and the new package design was performed. Items such as attitudes
toward packages, expected product quality, and purchase intention were measured. Categorical
items captured respondents’ gender, age, household income. Also, secondary data sources were
used such as statistical analyses, papers and books in the field of packaging design, marketing,
and consumer buying behaviour.

Results and Discussions

The present study was conducted within the ,Jon Ionescu de la Brad” University of
Agricultural Sciences and Veterinary Medicine of Iasi and aimed at the implementation of a
gradual rebranding process for the teas produced by the Research Center for Medicinal and
Aromatic plants, Faculty of Agriculture. Since 1977, research activities have been carried out
within this center in the interest of production teas for therapeutic purposes, these being
marketed to the general public in the form of 37 assortments, adjuvants in more than 200
affections, such as: diabetes, obesity, cardiovascular, lung, liver and kidney disorders etc.

Starting with 2019, it was desired to develop and implement a rebranding strategy with the
objective of repositioning of the existing teas on the profile market and increasing sales by
attracting more categories of audience. In the development process of a new packaging design
were considered some aspects aimed to be communicated about the produced teas:

e the teas assortments are 100% natural, containing plants carefully selected from
spontaneous flora by the “Ion Ionescu de la Brad” University of Agricultural Sciences
and Veterinary Medicine of lasi specialists;

e depending on their composition, the teas assortments are adjuvants in different
conditions;

e the packaging contains high quality products;

In order to occupy limited storage space, the new package is compact, volume-packed, easy
to store, handle and distribute. Therefore, in comparison with the old packaging, the new one
presents a series of changes regarding functionality, design and used materials (Fig. 1).

The new tea package was made of waterproof materials, with a high degree of protection
against moisture, air and sunlight, the opening system has a resealing option, with watertight
materials which do not allow the degradation of plants through contact with external factors
during storage and use (Fig. 1).

In order to differentiate the product from other tea packages in online and offline stores, it
was desired to choose vivid colours that attract attention and are not usually used in this area.

Thus, purple tones were chosen for the colour of the package, a shade rarely encountered in
this area where colours such as green and cream predominate (Fig. 1).
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Fig. 1. The initial tea package (left) vs. the new tea package (right)

The new package includes also a transparent window, shaped as a stylized leaf inspired by
nature which allows the content of the package to be observed and helps the consumer to form
an opinion on the quality of the contained plants and composition, which can represent a
competitive advantage when analysing the product before purchase (Fig. 2).

Fig. 2. The new tea packages (different assortments)

To convey the idea that the studied teas are adjuvants in various diseases, with remedies
offered by nature, the labels were made through graphic illustration technique, the central
element being a metaphorical character “Mother nature” which offers healthful plants targeting
various internal organs (Fig. 3).

NEUROLOGICAL AFFECTIONS METABOLIC AFFECTIONS LIVER AFFECTIONS

Y
'

()

LUNG AFFECTIONS STOMACH AFFECTIONS HEART AFFECTIONS

Fig. 3. Elements of design illustration for the new tea packages
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This idea has been graphically transposed through illustrations of the character in various
situations, with emphasis on certain key organs, depending on the remedy and the adjuvant role
of the product (Fig. 3). The packaging label has two parts, one for each side of the package and
include important information, such as the product name, composition, manufacturer, method
of use and other data according to the regulations in force regarding the packaging of herbs and
teas (Fig. 1). Also, representations of the plants in the composition of each assortment were
illustrated, such as: basil, lavender, mint etc. The new packaging has been created with the
purpose of offering a higher protection to the product contained, increasing the functionality
during the consumption, but also a for generating positive perceptions and expectations.

Through the new package it was aimed at communicating three main messages about the
product: the product has a superior quality and is natural; the packaging is functional. In order
to determine the consumers’ perceptions regarding the new packaging design, a quantitative
market research was conducted among 160 respondents aged between 18 and 82 years, women
and men living in Iasi County, Romania, in which attitudes, perceived quality, associated price
level and preference for the initial vs. new package were analysed comparatively. The
respondents answered a questionnaire consisting of 13 questions regarding the two packages.

In order to analyse the first perception created by the two packages, the respondents were
asked to answer freely on two open-ended questions regarding the first impression the two
packages generated them. No choices were offered, and most of the answers regarding the new
package (Question 1) were represented by positive perceptions, respondents using terms such
as: interesting, modern, attractive, elegant, beautiful, beautiful colour, resistant, sophisticated
for describing the new package. At the same question, this time regarding the initial package
(Question 2) most of the answers referred to negative perceptions, such as: outdated, classic,
poverty, pessimistic, not resistant. Question 3 and Question 4 aimed at discovering the attitudes
towards the two packages in comparison and the purchase intention. 79% of the respondents
answered that they like more the new package while 81% answered that they would buy the
new package. Attitudes toward the new package and the initial one were analysed with the help
of Question 5 and 6. Using a 4 point likert-type scale questions anchored between “I don’t like
it at all” (1) and “I like it very much” (4), respondents opined regarding some design aspects,
like: colour, shape, label, general look & feel, material and functionality (Fig. 4 & Fig. 5).

60%

55%
s0% 49% 48% 0% 48%
45%
42%
40% 37%
36%
32% 34%
30%
24%
20%
10% m ﬂ
3%!

0%

Color Shape Label General look Material  Functionality

& feel
IDONTLUKEITATALL w IDONTLIKEIT © ILIKEIT m1LIKEIT VERY MUCH

Fig. 4. Answers for Question 5: Attitudes towards the new package design
Using a 4 point likert-type scale questions anchored between “I don’t like it at all” (1) and

“I'like it very much” (4), respondents opined regarding some design aspects, like: colour, shape,
label, general look & feel, material and functionality (Fig. 4 & Fig. 5).
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As concerns the attitudes regarding the new package, there were observed very positive
attitudes regarding the functionality (42% of respondents marking “I like it very much” and
48% “I like it”), the label, colour and general look& feel being also very appreciated. In
comparison, the same question was asked regarding the initial package. The attitudes were
dissimilar, only the shape being appreciated, while the functionality and colour were the aspects
with the most negative attitudes (Fig. 5). As regards a series of important perceptions about the
two compared packages, through Questions 7 and 8 it was noticed that the new package is
considered easy to use and functional (99%), durable and protective (98%). Judging by the new
package, respondents perceived the product as natural (98%) and very qualitative (95%). The
only aspect that rises problems is the fact that the new package transmits the idea of expensive
product (55%) while only 5% of respondents considered the same about the initial package.

One of the most important parts of the study is represented by the revelation of the most
important factors which influence tea purchase in Iasi County, Romania. The answers regarding
these aspects will contribute in creating and implementing efficient marketing strategies
focused on the most important factors. Respondents were asked to reveal how price, packaging,
quality, composition, naturalness and origin determine their purchase decision (Fig. 6).
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Fig. 6. Answers for Question 9: most important factors which influence tea purchase

The figures show that the most influential factors are, in order: the quality, the degree of
naturalness, the composition and the fact that the products is local, made in Romania (Fig. 6).

The packaging is also influential (78%). However, considering the fact that the package is a
mirror of quality and naturalness, as it was demonstrated with the help of the previous questions,
therefore, as long as it reflects other important perceptions, it can be considered one of the most
influential factors which determine the purchase decision. The final questions of the study
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revealed interesting correlations between the income and the price as an influential factor —
even 66% of respondents have low incomes, the price is not a factor as important as expected
in their buying decision.

Conclusions

The development of self-service requires the package to promote the product on the shelves
by attracting the consumers’ attention and creating positive associations and expectations
regarding the contained product. The package must have the ability to transmit the desired
messages and to correctly position the brand in a few seconds in the viewer’s mind.

The current research findings show that packaging elements such as graphics, colour, label
design and functionality are seen important by most of the participants — they impact whether
shoppers will notice the package, how consumers interpret the package information and
whether they will purchase the product or not. The study revealed that a series of important
aspects are communicated through package, such as: the expected quality, the degree of
naturalness and the company policies regarding customer care, as long as a functional and easy
to use package improves the experience with the product and the brand itself. The packaging
design is the component that provides an advantage for the products in a competitive
environment, being the first brand component, which establishes a connection with the
consumer, through a direct contact with the product. Therefore, when it comes to natural, agri-
food products, the package influence is notable as long as in the process of consumption, the
first step is opening/reopening the package, thus, the consumer coming repeatedly into direct
contact with the package and being influenced by this experience at many important levels.
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Abstract

The paper presents the comparative results regarding the discharge coefficient of the
injection nozzle of an agricultural when using diesel fuel and biodiesel blend fuel. The material
used for the production of vegetable oil methyl ester was waste cooking oil collected from a
local branch of the McDonalds’ restaurants.

The discharge coefficient was calculated for the injector mounted into the injection rate
meter, based on the measured cyclic fuel delivery.

The experimental results showed that lower discharge coefficients and lower Reynolds
numbers of the fuel flow were recorded when the biodiesel type fuel was used: for the diesel
fuel, the discharge coefficient was comprised between 0.67 and 0.8, while the values of the
discharge coefficient were comprised between 0.62 and 0.69 when the biodiesel type fuel was
used. The values of the Reynolds number for the diesel fuel were comprised between 18-10°
and 27-10%; for the biodiesel blend, the Reynolds number achieved values of 16:10° ...23-10°.

Keywords: Discharge coefficient, biodiesel, diesel engine
Introduction

The fuel injection system of a compression ignition engine has a major effect over the fuel
consumption and emissions performances. One of the most important characteristics of an
injector nozzle is the discharge coefficient, defined as the ration between the actual fuel flow
passing through the orifice and the flow that could theoretically pass through the same orifice,
at the same pressure drop, considering the flow frictionless and without any contraction or phase
changes [1].

The discharge coefficient depends on the nozzle geometry, the characteristics of flow and
fluid properties. Several authors [2] show that the discharge coefficient has a significant effect
over the emissions of the diesel engine, high values of the discharge parameters leading to their
reduction. Caprotti R. et al., [2] also noticed that particulate emissions achieve higher values
for the nozzle having a lower discharge coefficient.

Important operating disadvantages of biodiesel in comparison with petrodiesel (cold start
problems, lower energy content, fuel pumping difficulty due to higher viscosity) [3] imposed
the use of biodiesel-diesel fuel mixtures in order to fuel compression ignition engines; it is
agreed that a proportion of 2...5% methyl ester in diesel fuel does not affect the engine’s
performance and efficiency and does not involve any changes in the construction of the engine’s
fuelling system. This type of biodiesel blends can be burned directly in unmodified diesel
engines [4].

Cooking oils, used for frying food, have a limited life in food production due to their
contamination with material from food and due to fatty acids formation; waste cooking oil can
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be seen as a “near to waste” by-product of food production industry. As a result, the use of
waste cooking oil instead of virgin oil in order to produce biodiesel is an effective way to reduce
the raw material cost and helps to solve the problem of waste oil disposal. These vegetable oils
contain some degradation products of vegetable oils and foreign material. However, analyses
of used vegetable oils claimed that the differences between used and unused fats are not very
great and, in most cases, simple heating and removal by filtration of solid particles makes the
oil appropriate for subsequent transesterification [5, 6].

Methodology

Because blends containing only small amounts of biodiesel are less susceptible to lead to a
significant reduction of the overall consumption of diesel fuel, in this study blends containing
large amounts of biodiesel (B50: 50% biodiesel+ 50% diesel oil) were considered for testing of
the injection equipment; waste vegetable oil was used in order to produce the methyl ester.

The material used for the production of the vegetable oil methyl ester was waste cooking oil
collected from a local branch of the McDonalds’ restaurants. The base catalysed method was
used for producing the methyl ester. Some physical properties of the tested fuels are shown in
Table 1.

Table 1. Physical characteristics of the fuels

Item Diesel fuel Waste cooking oil B100* B50°
Density at 15°C [kg/m?] 839.3 891 857 851
Dynamic viscosity at 40°C [x107 Pa-s] 0.411 3.029 0.488 0.442
Kinematic viscosity at 40°C [x10° m?/s] 4.9 34.0 5.7 5.2
Acid value [mg KOH/g] 0.089 2.67 0.92 0.42
Ash content [%] 0.085 0.075 0.038 0.016
Flash point [°C] 69 115 110 82

Cu strip corrosion 1b 2e 2a 1b
Surface tension [N/m] 0.0281 0.0336 0.0296 0.0290

38100 — pure methyl ester; ’B50 — 50% methylester+50% Diesel fuel

The tested injection equipment is the one used for the D-110 direct injection diesel engine:
e RO-PES4A90D410RS2240 type A in-line injection pump;
e RO-KBL103S15 injectors, opening at 17.7 MPa;
e RO-DLLA 1505720 nozzles, with four 0.275 mm discharge orifices.

The injection equipment was tested on a MIRKOZ (Hungary) test rig, using a BOSCH
injection rate meter [7]. The tests were developed at different pump speeds (500, 700 and 900
rev/min) and displacements of the injection pump control rack (1, 2, 3,4, 5, 6 and 7 mm) on a
fuel injection test rig [8].

The fuel mass flow was calculated based on the cyclic fuel delivery and injection duration.

The following relation was used in order to calculate the discharge coefficient [9, 10]:

mactual

A,+/2p,Ap (1)

where Maewsl is the measured fuel mass flow through the orifice of the injector nozzle, Ao is the
geometrical outlet area of the orifice, pi is the fuel density and Ap is the pressure drop across
the orifice; the backpressure of the injection rate meter p, was set to 3 MPa. Because the
pressure at the nozzle orifice is difficult to measure, the injection pressure pinj was taken into
account in order to calculate the pressure drop [11].

The Reynolds number at the nozzle outlet was also calculated using the equation [9]:

Cq =
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— DO ) mactual

Re
n-A, )
where Dy is the diameter of the nozzle outlet orifice and 1 is dynamic viscosity of the fuel.
In all the calculations the maximum mass fuel flow and maximum injection pressure were
considered, in order to avoid the transient phenomena related to the opening and the closing
phases of the injector [12].

Results and Discussion

Table 2 summarizes some of the experimental results concerning the mass fuel flow through
the orifice of the injector nozzle; Table 3 presents the results concerning the Reynolds number.

Table 2. Mass fuel flow [g/s]

Position of Diesel fuel B50 fuel

the control | 500 700 900 500 700 900

rack rev/min rev/min rev/min rev/min rev/min rev/min

2 9.18 10.68 10.84 8.43 9.73 11.12

4 9.55 11.23 11.47 8.74 10.83 11.24

6 10.20 11.52 12.47 9.42 11.65 12.03
Table 3. Reynolds number

Position of Diesel fuel B50 fuel

the control | 500 700 900 500 700 900

rack rev/min rev/min rev/min rev/min rev/min rev/min

2 20162 23447 23810 16148 18629 21289

4 20968 24664 25188 16734 20727 21517

6 22400 25303 27639 18046 22300 23022

The results presented in Table 2 show that fuel flow increased with the pump speed and
position of the control rack, as expected. In the meantime, lower values of the maximum fuel
flow were achieved when the B50 fuel blend was used, compared to diesel fuel.

As far as the Reynolds number is concerned, the results presented in Table 3 show that lower
values were recorded for the B50 fuel, due to the higher viscosity and lower mass fuel flow.

Fig. 1 presents the effect of the maximum injection pressure over the discharge coefficient,
for the two types of fuels. The use of the biodiesel type fuel led to the achievement of higher
injection pressures, due to its higher viscosity [11]; in the meantime, higher values of the
discharge coefficient were recorded for the diesel fuel than for the biodiesel blend, for all the
tested regimes. Lower values of the discharge coefficient when biodiesel fuels were used were
also reported by other authors [11].
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Fig. 1. Effect of injection pressure on the discharge

coefficient Fig. 2. Discharge coefficient vs. Reynolds number

It is interesting to notice that, for the biodiesel fuel, the discharge coefficient increases with
the injection pressure and this result is in accordance with the findings of other authors [12],
while for the diesel fuel, at 500 rev/min and 700 rev/min, the discharge coefficient decreases
when the injection pressure increases, while at 900 rev/min, the discharge coefficient increases
with the injection pressure. This behaviour could be related to the lower injection pressures
recorded for the diesel fuel, compared to biodiesel, especially at lower pump speeds. The
decrease of the discharge coefficient was also remarked by other authors [13], but in this case
it was attributed to non-conformity in the construction of the nozzle.

Fig. 2 presents the relationship between the value of the Reynolds number and the discharge
coefficient. The results show that higher Reynolds numbers were recorded for the diesel fuel
than for the biodiesel fuel (as presented in table 3). These charts also show that, for the biodiesel
type fuel, the discharge coefficient has a clear increasing tendency with the value of the
Reynolds number; when diesel fuel was used, at lower pump speeds (500 and 700 rev/min), the
discharge coefficient decreased when the Reynolds number increased. According to Payri R. et
al., [9], for the cylindrical nozzle orifices, the decrease of the discharge coefficient from a
certain Reynolds number value indicates the onset of cavitation; further researches should be
performed in order to establish why cavitation occurred at lower pump speeds and not at 900
rev/min, but the correspondingly lower values of cyclic fuel delivery and mass flow (at 500 and
700 rev/min) could be an explanation. The higher viscosity (inducing greater nozzle wall
friction) and the higher values of vapor pressure of the biodiesel type fuel could be the cause of
the different cavitation flow pattern [14].

Simulations and tests performed by other authors [10, 15]; Ishak M.H.H. et al., [15]
confirmed the increase of the discharge coefficient with the injection pressure and Reynolds
number. However, it should be noted that these authors have used injection pressures up to 220
MPa and 180 MPa, respectively; the Reynolds numbers of the flow have reached values up to
33000 [10]. The above-mentioned authors present mathematical equations for the discharge
coefficient, based on the Reynolds number of the flow.

In our tests, which were performed at lower injection pressures and Reynolds numbers due
to the nature of the injection system, the results were consistent with these types of equations
only at 900 rev/min, for both diesel fuel and biodiesel type fuel; the results are summarized in
Table 4. At lower pump speeds (corresponding to lower injection pressures and Reynolds
numbers) the equations were significantly different for diesel fuel and B50.
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Table 4. Equations for the discharge coefficient, at 900 rev/min

Fuel type Equations
075-10° 1.541-10° 2.49-10* 1.031-10°
Diesel cd=7.644+2075 0 1alio cd=2.738—9 >-10" 10 20
VvRe Re Re Re
502 -10°  0.291-10° 2.512-10* 0.187 -10°
B50 Cd:2'739+0502 10 +0291 10 ¢, =1434 - 5 0 +0 8720
VvRe Re Re Re
Conclusions

The experimental results showed that lower discharge coefficients and lower Reynolds
numbers of the fuel flow were recorded when the biodiesel type fuel was used: for the diesel
fuel, the discharge coefficient was comprised between 0.67 and 0.8, while the values of the
discharge coefficient were comprised between 0.62 and 0.69 when the biodiesel type fuel was
used.

When diesel fuel was used, the discharge coefficient decreased with the increase of the
Reynolds number for low and medium speeds of the injection pump. When biodiesel was used,
the discharge coefficient increased continuously with the increase of Reynolds number.

At high pump speeds (900 rev/min) the results regarding the dependence between the discharge
coefficient and Reynolds number are consistent with the findings of other authors, indicating
lower discharge coefficients for the biodiesel type fuel.
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Abstract

The expansion of energy crop acreage, such as oilseed rape, and the increasing demand for
cereals have led to a reduction in the biodiversity of agricultural crops. The cultivation of many
crop plants is abandoned, which leads to the shortening of a plant’s return time in the same
field.

Agricultural practice has shown that the replacement of a 5-6-year crop rotation with a 2-3-
year rotation causes at least a reduction in crop productivity in very favourable years. In recent
years, the importance of this phenomenon has been increasing — despite significant
countermeasures such as the use of chemical fertilizers, pesticides, mechanization or irrigation.

Many researches have attributed these crop losses to allelopathic phenomena in
agroecosystems but the problem needs to be addressed more thoroughly. More than 10,000
secondary metabolites are known from the plant kingdom which displays important more or
less plant-specific allelopathic effects. They can lead to alterations in water and nutrient uptake,
stomatal conductivity and photosynthesis. This paper presents some aspects regarding the
allelopathic effect of oilseed rape on seed germination and seedling growth of wheat cv.
Boemal, Dropia, Izvor and barley cv. Flavia, Gabriela, Laura. We have observed that the
physiological reactions of the plants exposed to the treatments with aqueous rapeseed extract
are strongly dependent on the cultivar investigated. The inhibitory allelopathic effect was
expressed as a change in germination phenology in the range of 05 to 09, according to the
BBCH scale. Notably a reduction in seedling growth and effects on the biosynthesis of
chlorophyll have been recorded, which could contribute to the reduction of crop production.

Keywords: allelopathy, Triticum aestivum, Hordeum vulgare, Brassica napus
Introduction

Currently i1s unanimously accepted that the communication between plants is done at
chemical way. This biochemical communication between plants was defined since 1837, by
Molisch at allelopathy. The first definition, of allelopathy indicate all of the effects that directly
and indirectly result from biochemical substances transferred from one plant to another [1].

Subsequent further studies have strengthened the fact that allelopathy is a common
biological phenomenon by which one organism produces biochemicals that influence the
growth, survival, development, and reproduction of other organisms [2]. The influence can be
positive or negative. Understanding this biological phenomenon could help to understand the
environmental changes caused by allelochemicals the mechanisms of action of these
compounds [3]. At the agroecosystem level, the plant communities are not immune from
allelopathic interferences [4]. Many researches have attributed these crop losses to allelopathic
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phenomena [5]. In a crop rotation, the succeeding plants may be influenced by the phytotoxins
released by the preceding plants [6]. More than 10,000 secondary metabolites are known from
the plant kingdom which displays important more or less plant-specific allelopathic effects [7].

They can lead to alterations in water and nutrient uptake, stomatal conductivity and
photosynthesis. Allelochemicals can inhibit the cell division and elongation [2]. In the last
years, due to the constantly higher demand for cereals, but also for oilseed crops, in many
countries, only a few crops (wheat, oilseed rape, maize, barley) have been cultivated. The winter
wheat we more often after rapeseed cultivated. In this case, even under favourable culture
conditions, a decrease in plant production was observed. It has been demonstrated that this
decline can be caused by the allopathic action of rapeseed plants [8]. Detrimental effects of
toxins from Brassica spp. on the next year’s wheat, barley, or flax crops were reported [9]. At
10% oil seed rape extract in concentration, the shoot lengths of wheat were significantly
reduced. [8]. Sunflower after Brassica species, in the crop rotation, may reduce sunflower
germination and growth [5]. Studies on allopathic phenomena must be performed under the
field conditions, but in these cases, the interferences are more difficult to detect. Several
researches about allelopathy give the reason to conclude that, the standardized laboratory assay
is arapid and an inexpensive procedure for screening the allelopathic potential of large numbers
of crop genotypes against weed species [10], [11]. This method has also been used in the study
of allelopathic phenomena of crop plants.

The aims of the present study were to investigate whether the winter wheat varieties react
differently to the allelopathic effect of oilseed rape and whether this effect manifests itself in
the winter barley plants.

Methodology

The allelopathic effect of oilseed rape on seed germination and seedling growth of wheat cv.
Boemal, Dropia, Izvor and barley cv. Flavia, Gabriela, Laura was performed in a bifactorial
experiment on the Petri dishes.

Experimental design: the germination experiment was conducted as factorial based on a
completely randomized design with four replications.

Extracts preparation: The aqueous extract of Brassica was prepared according to a method
described by Ebrahimi et al., [8]: plant residues of oil seed were ground, and 100 g. of residue
powder were extracted with 1000 ml distilled water in a shaker for 24 h at room temperature.

The mixture was filtered and then the aqueous extract was diluted to 5% and 10%
concentrations.

Triticum aestivum L. and Hordeum vulgare L. seeds were immersed in a 10% sodium
hypochlorite solution for 10 min and then rinsed three times with DDW to ensure surface
sterility. Each of 100 seeds was placed on the Petri dishes and watered separately by different
concentrations (5% and 10%) of extracts or distilled water as control treatment. All Petri dishes
were maintained at 24+£2°C and 16 h photoperiod. Measurements and observations: seeds
germination (%), plants stages (according to BBCH), root and shoot length, seedling dry mater
content and, chlorophyll concentration. The determination of the dry mater of the plant material
was carried according to a VDLUFA method [12]. The plant material was weighed in
aluminium dishes, dried for 24 hours at 105°C and weighed again, after cooling in the dryer.

Chlorophyll determination was carried out as described by Zorb et al., [13]. After extraction
in acetone 80% the absorbance was read at UV-1800 SIMATZU spectrophotometer, and the
chlorophyll concentration was calculated using the following formula: Total chlorophyll
(ng/ml) =20,2 *A (645) + 7,52*A (663).

Statistical analysis: The experimental data were analysed by the analysis of variance
(ANOVA). For multiple comparisons between means of different treatments was used
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Duncan’s test. Means with different letters indicate significant differences according to
Duncan’s multiple range test — p,0.05

Results and Discussions

Four days after the beginning of the trial it was observed that the germination of seeds
exposed to rapeseed extract was negatively affected compared to the control (seeds germinated
in distilled water). The largest decrease in germination was recorded for cultivar Boemal in the
case of wheat (Fig. 1) as well as for barley cultivars Gabriela and Flavia (Fig. 2). Twelve days
after the start of the experiment, seed germination in all test variants was higher than 97.5%,
which confirms that rapeseed extract affects the germination energy and not the germination
capacity.
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Fig. 1. Effect of oil seed rape aqueous extracts of winter wheat seed germination
(means with different letters indicate significant differences according to Duncan’s multiple range test — p,0.05)
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Fig. 2. Effect of oil seed rape aqueous extracts of winter barley seed germination
(means with different letters indicate significant differences according to Duncan’s multiple range test — p,0.05)
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The inhibitory allelopathic effect was expressed as a change in germination phenology in the
range of 05 to 09, according to the BBCH scale. The largest differences in growth were recorded
for cv Boema 1, in the case of wheat, and for barley in cultivars Gabriela und Flavia,

respectively (Fig. 3 and 4).
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Fig. 3. Effect of oil seed rape aqueous extracts on

growth of winter wheat seedlings (plants stages,
according to BBCH, after 12 days from the trial
beginning)
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Fig. 4. Effect of oil seed rape aqueous extracts on
growth of winter barley seedlings (plants stages,
according to BBCH, after 12 days from the trial
beginning)

The aqueous rapeseed extract treatments by the two species affected the growth of both the
roots and the shoot. Sprout growth was less affected by the treatments than root growth (Table.

1. and 2).

The dry matter content was also influenced under the effect from Brassica.

After treatments, in both wheat and barley varieties the dry matter content of seedlings
exposed to different extract concentrations was significantly lower than that of the control
seedlings, watered with distillate water (Tab. 1. and 2)

Table 1. Effect of different Brassica napus L — aqueous extract on seedling growth,
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total chlorophyll and dry matter content of winter wheat

_ Plant extrqct Shoot Root length Total Dry matter
Cultivar concentration length (cm) chlorophyll (g/plant)
(%) (cm) (mg/g FW)

0 7.80a 8.55a 297a 1.00b
Boemal 5 5.00b 535D 2.80 ab 0.95b

10 3.50 ¢ 3.50 ¢ 245¢ 0.50 ¢

0 8.05a 8.00 a 295a 120 a
Dropia 5 6.80 a 6.50 b 2.65b 0.90 b

10 550b 550b 2.55¢ 0.87b

0 8.50 a 750 a 295a 1.10a
Izvor 5 6.55b 6.00 b 2.70b 0.95b

10 6.00 b 5.00b 2.77b 0.90 b

Table 2. Effect of different Brassica napus L — aqueous extract on seedling growth, total chlorophyll and dry
matter content of winter wheat

. Plant extrgct Schoot Root length Total Dry matter
Cultivar concentration length (cm) chlorophyll (g/plant)
(%) (cm) (mg/g FW)

0 7.55a 7.00 b 197 a 0.80 ¢
Gabriela 5 6.50Db 5.50¢ 1.80b 0.75 cd

10 530¢ 530d 1.45 cd 0.50

0 7.50 a 8.50 a 1.95a 0.85a
Flavia 5 550 b 5.25cd 1.65¢ 0.65b

10 3.00d 3.50 ¢ 1.55d 0.50

0 7.80a 7.50b 1.95a 1.00 a
Laura 5 6.50 b 6.00 ¢ 1.85b 0.90 b

10 6.00 b 5.00d 1.75b 0.85 be

Conclusion

The treatments of wheat and barley with rape extracts clearly demonstrated its allelopathic
effects. The latter are characterized by a change of germination dynamics (according to the
BBCH scale), a reduction in seedling growth and dry matter content of the seedlings, as well a
decrease of the chlorophyll concentration.

The three wheat cultivars react differently to the allelopathic effect of oilseed rape, with cv.
Boemal being most sensitive. In contrast, the other two varieties, Dropia and Izvor,
respectively, can be grown after an oilseed rape harvest.

The same different behaviour was observed in winter barley. In this case, cv. Laura was
found to be most resistant to the allelopathic effect of an aqueous Brassica extracts.
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Abstract

Alfalfa (Medicago sativa L.) is one of the forage species with a high-quality potential.

The research conducted during May 2014-October 2015, on the Ezareni farm, lasi (47°05'-
47°10' North latitude and 27°28'-27°33' East longitude), followed, in alfalfa (Medicago sativa
L.), in the fourth year of vegetation, the influence of alfalfa growth stage at harvest (early bud,
mid bud, late bud; early bloom, 10% bloom and full bloom) on the plants saponins content. The
content of the plant in saponins was determined by the carbon-pyridine method; the principle
of the method consists in the extraction with ethanol of the total saponins, the isolation with the
help of the chromatographic paper and their recovery [1].

The leaves/stems ratio is an important quality indicator because quality alfalfa depends on
it. The influence of harvest time on saponins content in the entire alfalfa plant, leaves or stems
showed that as plants are aging, the concentration decreased very significant.

Keywords: growth stage at harvest, leaves/stems ratio, quality
Introduction

The productivity and quality of the alfalfa depends on a number of factors, including
pedoclimatic conditions, the genetic potential of the variety used and the cultivation technology
used, seed inoculation, fertilization and harvesting time, which are of great importance.

Like any other agricultural culture, the ability to control the impact factors on the quality of
the alfalfa will be reflected in the volume and quality of the production obtained.

Of all the factors involved in determining the productivity and quality of the alfalfa, the
moment at which it is harvested is the decisive factor. The level of production and their quality
depend on the harvesting phenophases [2], [3].

The leaves/stems ratio, depending on the harvesting phenophases, represents a very
important quality indicator because of this depends on the quality of the alfalfa. The percentage
of leaves is desirable to be as high as possible, the reason being that in the leaves there is a
protein content at least double to the stems, as many authors show [4], [5].

Purpose of the research was the determination the saponin content of alfalfa harvested in
different phenological phases (Medicago sativa L.), under the conditions of Moldavian Forest
Steppe.

Many different plant species, examples include crop plants such as legumes, synthesise
saponins as part of their normal programme of growth and development and their likely role as
determinants of plant disease resistance. Saponozides (saponins) are glycosides that have the
characteristic of foaming. Saponins taste bitter and reduce palatability of forage. Saponins are
not, in general, a problem for fodder legumes, lucerne (Medicago sativa L.), being one of these
species, with a content ranging from 0.07 to 1.35% from DM [6], [7].

Although alfalfa contains several types of saponins (medicagenic acid, soyasapogenol A,
soyasapogenol B, lucernic acid), the medicagenic acid seems to be responsible for its
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antinutritional effects. The saponin content of the alfalfa leaves is low in spring and fall and
high in the middle of summer. To limit these shortcomings, breeders are continually trying to
obtain cultivars with the least saponozide content [8], [9], [10], [11], [12].

Methodology

The research was conducted between May 2014 - October 2015, at Ezareni Farm, lasi
(47°05'-47°10" North latitude and 27°28'-27°33" East longitude). The soil is a cambic
chernozem, characterized by pH 6.73, 40.3% clay, humus 2.32%, 0.164% total nitrogen, P-Al
18 ppm, 210 ppm K-Al.

The research followed, in alfalfa (Medicago sativa L.), in the fourth year of vegetation, the
influence of alfalfa growth stage at harvest on the leaves, stems and plants saponins content.

The experiment was laid by randomized block method, with a harvested area of 10 m? (2 m
x 5 m) in three replicates. Graduations of the studied factor were represented by the
development phenophases: early bud (vi), mid bud (v2), late bud (v3); early bloom (v4), 10%
bloom (vs) and full bloom (vs), phenological phases described by numerous authors [13], [14],
[15], [16].

Production was determined by weighing the yield obtained from a harvested surface of 10
m?, which was afterwards transformed per hectare. The dry matter was determined by drying
in an oven at 103°C for 3 hours.

The leaves and stems productions were calculated based on the leaves/stem’s ratio.

The leaves/stems ratio was determined by separating the petiole, leaflets, buds and flowers
from the stem, weighing them separately and establishing the ratios for these quantities
(leaves/stems).

The content of the plant in saponins was determined by the carbon-pyridine method; the
principle of the method consists in the extraction with ethanol of the total saponins, the isolation
with the help of the chromatographic paper and their recovery [1].

The biological material used was the alfalfa variety Sandra (F 660-94), registered in 2003 at
National Agricultural Research and Development Institute (NARDI) Fundulea, Bucharest [17].

The data were interpreted statistically by means of variance analysis and limit differences
calculation. Also, equation correlations were calculated (quadratic regression significance).

Results and Discussion

From the analysis of the obtained results, it was observed that with the advancement of the
vegetation, the production of dry matter to the whole plant and stems was constantly increasing.

The production of dry matter on the leaves increased until the end of the bud — the beginning
of flowering, after which it decreased.

The phenomenon that directly influences the quality of the obtained production is the
etiolation, drying and falling of the leaves from the lower nodes of the stems, with the
appearance of the first flowers. Thus, as the plants are harvested later than the beginning of
flowering, the production of leaves will be lower, and the quality of the feed obtained will be
also lower (table 1).

The results obtained in the current experiment were similar to those existing in the literature
[18], [19], [20], [21].
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Table 1. The influence of growth stage at harvest on the content of alfalfa in saponins

Dry matter production* Saponins content
Experimental variant Whole Leaves Stems Leaves/ . Whole Leaves Stems

plants stems ratio  plants

(Mg-ha'! DM) (mg-kg' DM)
Vi-early bud (C) 2.65¢ 1.15¢ 1.50¢ 0.76¢ 1030¢ 1341¢ 790¢
V,-mid bud 321%**  1.30%** 1.92%** 0.68° 99200° 1302°° 785°
V;-late bud 3.67%** 1 38%**k D 2OwE* 0.60° 927°%° 1256°° 729°°
Vs-early bloom 3.93%*% ] 39%¥%k D S4xk* 0.54° 791°%° 1166°° 587°°
V;5-10% bloom 4.08%**  1.30%* 2.779%** 0.46° 675°° 1107°° 475%°
Vefull bloom 4.12%**  123* 2.88%** 0.43°° 598°°° 1033°° 412°°
LSD 0.5 0.23 0.08 0.17 0.03 6 10 4
LSD 0.1 0.33 0.12 0.24 0.04 8 15 6
LSD 0.01 0.48 0.17 0.35 0.05 11 21 9

C — control variant; * — first cut in the fourth year of vegetation

Harvesting phenophase was the factor that caused the largest differences in leaf/stem ratio.

The difference between the control variant, harvested at the early bud stage (vi) and the
variant with the lowest leaf/stem ratio (ve) harvested at full flowering, was negative, 0.33, and
all the others differences obtained were negative, very significant. The harvesting phenophase
had a significant and very significant influence on the content of leaves, stems and entire plants
of alfalfa in saponins. Thus, the saponin content of the alfalfa leaves ranged between 1033-1341
mg-kg! DM and of the alfalfa strains varied between 412-790 mg-kg' DM. Even if the saponin
content has a higher value in the alfalfa leaves, 69-163% higher than in the stems, finally, the
saponin content of the plants will be influenced by the leaf/stem ratio (table 1).

There was a negative correlation between the number of days required to reach each
phenological phase in alfalfa plants and the saponin content of leaves, stems and whole plants
(figure 1). The results obtained from the study were close to the results obtained by other
researchers [10], [11], [12], [22], [23], [24].

Conclusions

The content of plants, leaves and alfalfa stems in saponins was firstly influenced by the leaf
stem ratio and then by the harvesting phenophase; with the succession of the phenological
phases the lucerne content in saponins has been steadily decreasing, the differences obtained
being statistically ensured. As the phenophase succeed, the amount of saponins exported
together with the production of dry matter has been decreasing continuously, the values of this
indicator being correlated with the phenophase in which the lucerne was harvested.
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Fig. 1. Correlation between growth stage at harvest and the saponin content of leaves, stems and the whole plant
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Abstract

The problem of replacing fossil fuels in energy production is becoming increasingly
stringent, both in terms of reducing CO2 emissions and as an alternative to the obvious decrease
in fossil fuel reserves. Biomass from the dormant pruning of vines meets these needs. Vine
pruning residues harvesting technologies as biomass are based on specific methods and use
special machines for each stage. The chopped vine pruning residues represent a mixture with
the particle size between 10 and 50 mm, which uses compacting agglomeration technologies in
order to be transformed into a biofuel for direct combustion. Pelleting and briquetting are the
most used biomass agglomeration operations. Different machinery were developed worldwide
in order to put into practice the technologies for the use of the residues resulted from the
dormant pruning of vines as solid biofuel: equipment’s for operating the shears of cutting
residues; equipment for carrying out the work of pruning the vines; equipment for the gathering
of vine residues in the middle of the interval between rows; equipment and aggregates for
gathering vine residues through chopping; baling machines for vine residues; machines for
chopping and chopping vine residues for the manufacture of pellets and briquettes; equipment
for chopped dried residues; machines for the pelletizing or briquetting chopped and dried
chords; automated technological lines for the valorisation as a solid biofuel of pruning residues
resulting from the dry cutting of the vines in the form of pellets or briquettes.

Keywords: technologies for solid fuels, pellets, vine pruning residues
Introduction

At the global level, biomass means the biodegradable part of agricultural products, waste
and residues, including plant and animal substances, forestry and related industries, as well as
industrial and urban waste.

Biomass is one of the most widespread renewable resources on Earth, representing approx.
15% of the primary energy sources, and does not contribute to the increase of CO2 concentration
in the atmosphere, reduces the greenhouse effect and does not produce acid rain. This is due to
a lower sulphur content than the one existing in the structure of fossil fuels [1].

The vines residues resulting from the fruition pruning of the vineyards can represent an
important resource of biomass, which at present, is very little used. For these reasons, new
technologies are required to allow the gathering, primary processing and higher capitalization
of these plant residues, while ensuring an economically, technologically and environmentally
sustainable technological process.
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The research carried out in this paper is based on the fact that at the European Union level
vineyards are cultivated with more than 3.2 million ha and that about 1 ha of biomass can be
recovered from each ha [2; 3] it turns out that from this area, from an economic point of view,
over 3.2 million tonnes of biofuel can be made available as an energy source every year. On the
other hand, the recovery of these wastes is also important for the protection of the environment,
as it eliminates the possibility of burning in the field, avoiding the pollution of the atmosphere
with smoke, dust and unpleasant odors.

Thus, in the context of increasing energy efficiency, harnessing the vines residues resulting
from the fruiting cuts has a major contribution to achieving sustainable energy development,
competitiveness in saving primary energy resources and reducing greenhouse gas emissions

[4].
Methodology

In order to use as a biomass, the vines residues resulting from the dry cutting, in the world,
specific and diverse machinery and equipment are used, which allow the accomplishment of
the working processes in conditions of minimum effort. Technologies for harvesting vines
residues as biomass include cutting vines, gathering, chopping or picking them up and drying
them. The dried and shredded vines residues can be harnessed as solid biofuel in the form of
chips, pellets or briquettes.

Tools and tools for the dormant pruning of vines. Pruning of vine plantations can be
performed manually or mechanically. For the manual pruning manually operated scissors are
used, or, in order to reduce the physical effort, the tools are electrically or pneumatically
operated. The mechanical pruning is performed as a preliminary operation, for removing the
tendrils, after which it is performed manually, the actual cutting. A wide range of equipment
for vines residues preliminary cutting has been developed worldwide. These equipment’s can
complete the cut in a row [5], being mounted on the tractor on the side, front or rear, on the
hydraulic lift, and are operated hydrostatically. Other equipment is built to excite the cutting in
two halves [6], or in a half row [7].

According to the construction of the cutting devices, the machines can be: with cutting
devices with disk knives arranged horizontally [5], when the sectioning of the vine is performed,
at the desired height, without being restricted by the system plantation support; cutting
machines with knives and plywood, with rectilinear-alternative movement [6] and cutting
machines with blades-knives or disc-knives with vertical arrangement [7]. In the last periods
have been made complex machines for pretending vines residues and even intelligent robots for
selective cutting, depending on the technological requirements.

For example, researchers at Vision Robotics Corporation in San Diego, USA, have designed
and built a smart robot for cutting the vine, “Intelligent Robotic Vineyard Pruner ”. The robot
works day and night, with remote monitoring [8].

The machines used to gather the vine residues, resulting from the dry cutting of the vines,
make the rakes and leave them in the middle of the interval between rows. Such equipment, for
raking and bringing the residues in the middle of the interval between rows, is mounted in the
front of the tractor on wheels, has as working members two rotors provided with 4-6 elastic
arms made of steel wire.

The machines for gathering, chopping and transporting the vines residues can be with the
unloading of the chop in the trailer [9] or in their own bin, after which the material is transferred
to a means of transport [9] that is stationed at the end of the plot. Another type of machine is
the self-propelled type, for harvesting and chopping vines [10].

Cording machines. The strings resulting from the fruiting cuts and gathered in the middle of
the interval between rows are rounded, in cylindrical or parallelepiped form.

129



Filodiritto Editore — Proceedings

The machines for picking and pressing residues in cylindrical shaped bales are of the type
with fixed pressing chamber, with chains and cylindrical rollers engaged in rotational
movement, with the diameter of the ball of 0,6-1,2 m [11] and [10]. The bales formed and
pressed, with a diameter of 1.2 m, with presses with a fixed pressing chamber are unloaded on
the interval between the rows of vines [11]. The machines for collecting and pressing vines
residues, with a diameter of 0.6 m, are provided with a storage trough, having the possibility to
store up to 8 bales, which are then unloaded at the end of the plot [10].

The machines for the valorisation as a biomass of the vine residues resulting from the cutting
in the dry make their preparation and densification in the form of pellets or briquettes.

The preparation of the biomass from the vine’s residues, for the purpose of densification,
includes technological operations of shredding and drying. The chopping of the residues is done
with the help of the mills with hammers, of large capacity, of general use. The drying of the
residues is done with dryers, of general use for the dehydration of agricultural raw materials of
vegetable origin, with continuous flow operation.

The most used dryers are with conveyor belt, rotary drum, aerodynamic fluidized layer etc.

Densification of biomass, resulting from the cutting in vines, is done in the form of pellets
or briquettes.

Pelleting is done by extrusion; crushed and dried residues, which pass continuously and
continuously through holes with diameter of the pellet size (6 ... 25 mm and length 3,15 ... 40
mm) [12].

Briquetting machines are used for densification of biomass pressing chambers equipped with
piston (6, Fig. 6.a), mechanically or hydraulically operated, with discontinuous operation, or
with cylindrical-truncated snail, at which the working regime is continuous [12].

Results and Discussions

Technologies for biomass recovery of vineyards include technological processes for
harvesting and manufacturing solid biofuel.

When establishing the technologies for harvesting the residues of vineyards, the system of
machines developed worldwide, the conditions of densification, as well as the following aspects
must be taken into account:

e the fruition pruning can be performed manually, semi-mechanized or using automated
robots (Fig. 1);

e the assembly of the strings cut in the middle of the interval between rows is done with
various machines (Fig. 1), which work as independent aggregates or in the form of
complex aggregates (raking and chopping or raking and baling);

e the harvesting of the vines residues, resulting from the dry cutting of the vines, for the
biomass is carried out with specific machines, in which the raw material can minced,
after which it is dried by different processes, or is packaged and stored for natural drying
(Fig. 1);

Based on these aspects and taking into account the system of machines made worldwide, 41
technologies were developed for harvesting ropes for use as densified biomass (TRCI ...
TRCA41), of which: 2 technologies are manual (TRC1 and TRC2); 10 — semi mechanized
technologies for chopping residues (TRC3 .... TRC12); 10 — partially mechanized technologies
for harvesting vines residues by chopping (TRC13 ... TRC22); 10 — fully mechanized
technologies for chopping residues harvesting (TRC23 .... TRC32); 3 — semi-mechanized
technologies for harvesting residues through baling (TRC33 .... TRC35); 3 — Partially
mechanized technologies for harvesting residues by baling (TRC36 .... TRC38) and 3 — Totally
mechanized technologies for harvesting residues by baling (TRC39 .... TRC41) [13]. As an
example, Table 1 shows the harvesting technology for each group.
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Fig. 2. Technologies for the valorisation of vine residues as solid biofuel

For manual technologies, specific to small surfaces, cutting, gathering and transport work
are done manually and the cutting is done with a chopping machine. The works for the semi-
mechanized technologies involve the manual cutting of the strings, and the other operations are
mechanized. Within the partially mechanized technologies, a chord pre-treatment is performed,
after which the other works are mechanized. For the fully mechanized technologies of vines
residues harvesting, all the works are mechanically carried out, including the fructification cuts,

which are made with remote controlled robots, working continuously for a day.

Technologies for the use of vineyards as a solid biofuel. In order to establish the technologies
of harnessing the vines residues as solid biomass, the following aspects are considered: the way
of harvesting the vine residues, chopped or baled; solid biofuel to be produced (pellets,

briquettes or chips).
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Table 1. Mechanization technologies for harvesting vines (extract)

No. | Harvesting technology | Technology development scheme

Semi-mechanized technology for chopping vines residues

The manual cutting of the
vine residues, the gathering
and the chopping are done
mechanically — Trcs

Partially m

Preliminary cutting of the
vine residues is done
mechanically, the gathering
2 and chopping are done
mechanically, the mince is
carried with jumbo bags —
TRC17

Fully

The cutting of the vine
residues is done with robots,
the gathering and the
3 chopping of the vine residues
is done mechanically, the
chopping is unloaded in the
trailer — TRc31

Semi-mechanized technology for harvesting vine residues by baling

The cutting of the vine
residues is done manually,
the gathering, the baling of
the vine residues and the
transport of the bales are
done mechanically — Trc34

Partially mechani

Preliminary cutting of the
vine residues is performed
mechanically, the gathering,
5 the baling of the vine
residues and the transport of
the bales are performed
mechanically — Tress

Totally mechanized technology for harvesting vine residues by baling

The cutting of the vine
residues is done with robots,
the gathering, the baling of
the vine residues and the
transport of the bales is done
mechanically — Trca

As shown above, the chopped chords resulting from the dry cutting of the vines are in the
form of a mixture of minced particles, with the size between 10 and 50 mm and with humidity
of 38-48%. To be transformed into solid biofuels were generated three technologies, depending
on the finished product, namely chips (Fig. 2.a), briquettes (Fig.2.b) or pellets (Fig. 2.c).

For the baled residues were generated three technologies depending on the finished product,
namely chips (Fig. 2.d), briquettes (Fig. 2.e) or pellets (Fig. 2.1).

Conclusions
At present, globally, biomass is a primary carbon source alongside other renewable energy

sources. It can be used as a raw material to produce energy, high energy value solid biofuels or
biochemical fuels required for economic activities.

132




Filodiritto Editore — Proceedings

Several technologies are used to capitalize on vine residues as a solid biofuel, depending on
the following factors: dry cutting method, manual cutting, preliminary cutting with machines
equipped with cutting machines and cutting with robots; of the way of collecting the vine
residues, chopped or baled; according to the way of harnessing it as a solid biofuel of the vine
residues, the technologies can be for: the production of chips; manufacture of pellets; processing
as briquettes, etc.
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Abstract

Plant biomass — phytomass from energy crops to agricultural or forestry residues — is clean
and environmentally safe. Poaceae phytomass is the most commonly used raw material for the
production heat energy, by direct combustion, in Moldova. The densification of phytomass in
briquettes improves fuel efficiency, due to its high energy content, which makes it suitable for
use by small households and by industrial consumers. The main objective of this research was
to evaluate some physical and mechanical properties of dry phytomass and briquettes form
Poaceae species: Miscanthus giganteus, Phragmites australis and corn stalks, Zea mays,
collected from the NBGI, Chisinau. The physical and mechanical properties were determined
according to the European standards accepted in the Republic of Moldova; the equipment used
to produce briquettes was a piston type briquetting press. It has been established that
Miscanthus giganteus stems defoliated and dehydrated faster than Phragmites australis. The
bulk density of the milled chaffs by 10 mm sieve, of tested Poaceae species, varied from 100
to167 kg/m>. The specific density of briquettes reached 831-923 kg/m?, but the bulk density of
briquettes 430-501 kg/m?, the net calorific value varied from 14.0 to 15.8 MJ/kg and the ash
content 2.51-4.71%. Miscanthus giganteus was distinguished by high density of milled chaffs
and net calorific value and low ash content; Phragmites australis briquettes were characterized
by moderate net calorific value and optimal density, and high ash content; Zea mays briquettes
— high ash content, bulk and specific density.

Keywords: biomass, briquettes, Miscanthus giganteus, Phragmites australis, physical and mechanical properties,
Zea mays stalks

Introduction

Plant biomass — phytomass from energy crops, agricultural and forestry residues is a
promising renewable resource to achieve a low carbon bio-economy with the production of
biofuels and energy for heat and power, is clean and environmentally safe. One of the most
important tasks in the production of energy crops is the selection of suitable plant species that
could thrive in specific soil and environmental conditions of the changing climate, be used in
many areas and produce a large amount of biomass that is easily converted into energy [1].

Giant miscanthus, Miscanthus giganteus Greef et Deu, family Poaceae, is natural hybrid
between M. sinensis x M. sacchariflorus, was firstly developed in Japan, Cs metabolism
perennial plant, with thick and stout rhizome; stem 2.5-3.5 m long; leaf blades linear 50.0 x 3.0
cm; inflorescence 30-55 cm long, rachis of panicle 15-21 cm long; flowering September —
November; no seed, is propagated asexually, usually by dividing the rhizomes and by tissue
culture. The exceptionally vigorous growth, high photosynthetic capacity and remarkable
adaptability to different environments make this natural hybrid suitable for cultivation in
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Europe and North America, it is a crop with great potential, providing up to 40 t/ha/year, are
considered important substrates for bio refining industry and energy production [2, 3].

Common reed, Phragmites australis (Cav.) Trin. ex Steud, native to Eurasia and Africa and
one of the most widely distributed vascular plant species in the world. It is a typical wetland
perennial species and can cover vast areas almost in monoculture. Is a robust, erect, aquatic or
subaquatic, C3 metabolism grass, strongly tufted, with vertical and horizontal creeping rhizome,
often also with stolons, stem up to 6 m tall and 15 mm in diameter; leaves alternate up to 60 cm
long and 20 to 60 mm wide; inflorescence — a feathery panicle15-50 cm long, flowering July-
October; fruit 1-5 mm long dark brown. Common reed is very important for biodiversity,
provides food and habitat for some organisms, improves water quality and serves to stabilize
soils against erosion. It has been used for many purposes around the world: as building material
for houses and rafts, as thatching, to make mats, as fodder and bedding for cattle, as cellulose
source in the paper and textile industries, to provide energy. The biomass productivity of
Phragmites australis widely, from 5 to 15 t/ha in natural areas, to 40-50 t/ha dry matter when
cultivated using fertilizers [4, 5, 6, 7].

Agricultural residue products remain the major primary source of energy for appreciable
domestic and industrial application such as household cooking and heating. Zea mays L., maize
or corn, is an annual plant with C4 metabolism, adapted to a wide range of conditions, one of
the most commonly cultivated crops, with recent worldwide production of around 1000 million
tons per year [8]. In the Republic of Moldova, the annual area sown with Zea mays hybrids is
about 433 thousand ha or 29% of the total area. It has been estimated that approximately
100.000 dry tons of corn Stover are available annually to support the biomass industry, but at
present it is usually burnt in the field, resulting in environmental pollution. Therefore, the
recycling of corn stalks in densified solid biofuel is urgent and necessary.

The main objective of this research was to evaluate some physical and mechanical properties
of dry phytomass and briquettes form Poaceae species: Miscanthus giganteus, Phragmites
australis and corn stalks Zea mays.

Methodology

The Poaceae species: giant miscanthus Miscanthus giganteus cv. Titan, common reed
Phragmites australis and corn stalks, Zea mays collected from the Botanical Garden (Institute),
Chisinau, served as subjects of this study. The collected phytomass was chopped into chaff with
the use of stationary forage chopping unit. The chopped phytomass was milled in a beater mill
equipped with a sieve with diameter of openings of 10 mm using equipment SM 100. The
physical and mechanical properties of dry biomass were determined according to the European
Standards in the State Agrarian University of Moldova: the moisture content of the plant
material was determined by SM EN ISO 18134 in an automatic hot air oven MEMMERT100-
800; the content of ash was determined at 550°C in a muffle furnace HT40AL according to SM
EN ISO 18122; automatic calorimeter LAGET MS-10A with accessories was used for the
determination of the calorific value, according to SM EN ISO 18125; the particle size
distribution was determined according to SM EN ISO 17827 using standard sieves, the collected
particles in each sieve were weighed; the cylindrical containers were used for the determination
of the bulk density, calculated by dividing the mass over the container volume according to SM
EN ISO 17828, SM EN ISO 18847. The briquetting was carried out by hydraulic piston
briquetting press BrikStar model 50-12 (Briklis). The mean compressed (specific) density of
the briquettes was determined immediately after removal from the mould as a ratio of measured
mass over calculated volume.
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Results and Discussions

It is known that moisture, stem and leaf share in harvested phytomass influence the costs of
transport, storage, drying and processing, and the physical and mechanical properties of solid
biofuel reduce the final usable energy and thus the efficiency of the energy system, contributing
at the same time to the increased emission of pollutants. The results of moisture and leaf
contents in harvested phytomass of Poaceae species are shown in Tab. 1. It was found that, at
the end of the growing season, the stems of Poaceae species contained a lot of moisture 52.1-
72.1%, but the leaf and panicle share in the phytomass varied significantly from 26.3%
(Phragmites australis) to 47.0% (Zea mays). After the establishment of negatives temperatures
below 7-12 °C, the studied species differed in the pace of dehydration of tissues, Miscanthus
giganteus in the field dehydrated faster than Phragmites australis and Zea mays. In March, the
amount of moisture in the collected phyitomass was 12.1-12.8% in Miscanthus giganteus and
Zea mays, but 21.8% in Phragmites australis. Similar results were presented by other authors:
for example, the moisture content of Miscanthus giganteus plants decreased from 58.36% to
23.23% [9] and Phragmites australis plants — from 46.5% to 14.8% [10].

Table 1. Biomass moisture and leaf contents of the studied Poaceae species

Zea mays Miscanthus giganteus Phragmites australis

Harvesting “Moisture | leaf+ panicle | moisture leaf el . leaf ol

period content, +husk content, eaf + pancl)c e m0|stur§z eaf + pantl)c e

% content, % % content, % content, % content, %
October 53.0 47.0 52.1 39.0 72.1 26.3
November 46.3 40.0 48.0 37.7 65.2 25.0
December 423 35.0 43.0 21.3 44.5 22.4
January 31.5 29.9 31.6 16.4 37.6 19.9
February 28.8 254 23.0 12.2 33.0 17.6
March 12.1 18.3 12.8 8.9 21.8 16.0

The particle size distribution affects the flow ability, heating, diffusion and rate of reaction.

Analysing distribution on particle size in milled chaffs, Tab. 2, it can be stated that the
highest content of particles larger than 5 mm was in common reed and corn chaffs, the lowest
— in giant miscanthus chaffs. The fine particle fractions, below 3 mm, were optimal in common
reed chaffs (43.1%) and very high in the milled giant miscanthus (53.4%). In the case of corn
milled chaffs, we obtained the highest percentage of particles larger than 3 mm (60.4%), and
the lowest values for the particles of 1 mm (3.9%). This is probably an effect of the
morphological nature of corn stalks, the high level of pith microstructures, influences the
passage of particles through the sieve meshes.

Table 2. Particle size distribution of milled chaffs of the studied Poaceae species, %

Paszgecle Zea mays Miscanthus giganteus Phragmites australis
<5mm 25.7 17.0 27.6
4-5mm 19.5 14.7 16.7
3-4mm 14.9 14.9 17.5
2-3mm 18.0 18.5 15.5
1-2mm 17.5 21.1 17.3
Imm 3.9 13.8 10.3

Physical and mechanical properties of biomass and prepared briquettes form studied species
are presented in Tab. 3. The bulk density of chopped plant material varied from 87 kg/m?, in
corn chaffs, to 146 kg/m’, in giant miscanthus. The milled and particle distribution in samples
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with Phragmites australis and Miscanthus giganteus influenced positively the increase in bulk
density of milled chaffs up to 153-167 kg/m?, versus corn chaffs — 100 kg/m?>. Other authors,
noted that the bulk density of chopped Miscanthus giganteus plants was 111 kg/m? [11], corn
residues — 81.61 kg/m? leaves, 127.32 kg/m? stalks and 282.38 kg/m> cobs [8], reed stems — 60
kg/m? [5], which creates significant transportation costs.

Ash, as a solid residue of combustion, plays an important role in conversion efficiency and
corrosion processes of combustion equipment and its auxiliary devices. Comparing the obtained
results on ash content (Tab. 3), one can add that the highest average amount is contained by Zea
mays and Phragmites australis phytomass (4.40% and 4.71%), the lowest average ash content
was found in Miscanthus giganteus biomass (2.51%). The greatest ash level reported in research
studies conducted by other authors, 8.8% of miscanthus biomass [12], 6.0% corn stalk [13],
6.5-8.0% in reed stems and 8.0-13.2% in reed leaves [14].

We could mention that the gross calorific value of studied biomass varied significantly (17.8-
19.3 MJ/kg), Miscanthus giganteus and Phragmites australis have high gross caloric values.

The briquettes produced from tested Poaceae species were very solid and not cracking, their
specific density reaching values of 831-923 kg/m3 and bulk density 430-501 kg/m3. The
specific density of briquettes from Phragmites australis was 831 kg/m3, Miscanthus giganteus
— 882 kg/m3 and corn stalks — 923 kg/m3. The estimated net calorific value of prepared
briquettes form Poaceae species ranged from 14 MJ/kg to 15.8 MJ/kg.

There are different results reported in research studies conducted by other authors. The
greatest gross calorific value of Miscanthus giganteus biomass 20.3 MJ/kg was obtained in
Czech [15]. The yield of Estonian reed beds were 8.1-9.1 t/ha, moisture proportion 20.5-26.4%,
2.1-4.4% ash, 18.6-19.2 MJ/kg gross calorific value, 17.5-18.0 MJ/kg net calorific value and
energy density at 20% moisture content reached 13.7-14.9 MJ/kg or 3.8-4.1 MWh/t [10], in
Latvia the reed biomass reached 19.0 MJ/kg gross calorific value and 15.94 MJ/kg net calorific
value, the average ash content was 2.76% [16], in Poltava, Ukraine, in November-March, the
ash content of Phragmites australis plants varied from 9.77% to 3.91%, the gross calorific value
— from 18.9 to 19.7 MJ/kg and the net calorific value — from 15.2 to 16.5 MJ/kg [7]. The
calorific energy distribution in Phragmites australis plant organs was 17.933 MJ/kg in the main
stem, 18.274 MJ/kg in leaves, 18.482 MJ/kg in dry glumes collected in Greece [17]. The fuel
analysis for biomass showed that the low heating value of miscanthus biomass was 17.8 MJ/kg,
common reed biomass — 17.7 MJ/kg and maize straw 16.8 MJ/kg, ash proportion —2.7%, 8.8%
and 5.3%, respectively [4]. The briquettes from Miscanthus sinesis giganteus reached specific
density of 850 kg/m?, durability 91%, ash content 3.2% and calorific value 16-18 MJ/kg [18].

In dependence of particle size the specific density of reed briquettes varied significantly, the
minimum of density 0.87 g/cm® have briquettes with particle size 12-13 mm, but maximum
density 1.03-1.04 g/cm® two particle sizes <0.5 mm and 32-33 mm [19]. The quality of
briquettes made from corn stalks were: 20.8 MJ/kg gross calorific value and 20.2 MJ/kg net
calorific value with 811 kg/m? specific density [13], the bulk density ranged from 300 to 500
kg/m® [20].

Table 3. Some physical and mechanical properties of biomass and briquettes from studied species

. Zea Miscanthus Phragmites
Indices . -
mays giganteus australis
Bulk density of chopped chaffs 7-35 mm, kg/m? 87 146 107
Bulk density of milled chaffs 10 mm, kg/m? 100 167 153
Ash content of biomass, % 4.40 2.51 4.71
Gross calorific value of biomass, MJ/kg 17.8 19.3 18.9
Specific density of briquettes, kg/m? 923 882 831
Bulk density of briquettes, kg/m? 501 488 430
Net calorific value of briquettes, MJ/kg 14.0 15.8 15.5
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Conclusions

The studied Poaceae species differed significantly in the rate of stem defoliation and
dehydration, ash content and calorific value of biomass. Miscanthus giganteus stems defoliated
and dehydrated more rapidly than Phragmites australis.

The bulk density of the milled chaffs of tested species varied from 100 kg/m? (Zea mays) to
167 kg/m* (Miscanthus giganteus).

The specific density of briquettes reached 831-923 kg/m?, but the bulk density of briquettes
430-501 kg/m?, the net calorific value varied from 14.0 to 15.8 MJ/kg, the ash content from
2.51t0 4.71%.

Miscanthus giganteus was characterized by high density of milled chaffs, high calorific
value and low ash content; Phragmites australis briquettes — by moderate calorific value,
optimal density and high ash content; Zea mays briquettes — high ash content, bulk and specific
density.
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Abstract

The objective of this study is to assess the impact of conventional and no-tillage systems on
physical properties and winter wheat crop production. Aggregate stability was measured by the
wet-sieving method. For soil analysis, three soil depths were sampled: 0-7 cm, 10-20 cm and
20-30 cm, but for microcomputed tomography only samples from 20-30 cm depth were
analysed. In spring and after harvesting, disturbed composite soil samples from each of these
three depths were taken using an auger. To collect a composite sample, soil samples were taken
at three randomly selected points in each treatment plot and mixed. The tillage treatments
include: (1) No-till: direct drilling in untilled soil with a disc drill without previous removal of
residues, using a FABIMAG FGO1 seeder (NT); (2) a reduced system using a chisel after
harvest at 22-25 cm depth, without overturning the furrow (RT); (3) mouldboard ploughing
after harvest to a soil depth of 28-30 cm and disking twice (CT). NT conservation tillage
practices consistently increased soil bulk density, 1.47 g cm™ in the spring of 2018 and 2019,
on 0-30 cm depth, but the values remained below the critical limit that may compromise crop
growth. In 2017 the mean of winter wheat (Triticum aestivum L.) yield was significantly higher
(LSD 5%) where wheat was planted in NT system (5430 kg ha') compared with control
treatment, plough at 30 cm depth (4366 kg ha™).

Keywords: no-tillage, soil porosity, microcomputed tomography, water stable aggregates
Introduction

Conservation tillage, which is generally defined as minimal soil disturbance resulting in a
residue retention of at least 30% and which in Romania is becoming an economical viable
option for the farmers but also conserving energy and providing favourable soil conditions is
an important issue for sustainable crop production. Introduction of water-conserving tillage
practices are considered to be an important adaptation measure.

The biggest and the most important negative consequences of modern agricultural is
probably the soil physical degradation with consequences in compaction and soil erosion, which
is attributed to deep and intensive tillage practices [1].

Soils simultaneously provide multiple ecosystem functions which are of critical importance
in terms of climate regulation and fertility maintenance [2]. Conservation tillage practices are
recognized for their advantages in reducing input costs, enhancing water use efficiency, and
preserving soil carbon [3].

After several successive years applied of these reduced or no-tillage systems, subsoil
compaction at 15-30 cm depths appear to be higher due to the increase of bulk density (BD)
resulted by water infiltration and seeding and combine harvester machineries [4].
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The stability of soil aggregates represents a key indicator of soil quality, heaving a great
significance in both agricultural and ecological soils. The methods for determining soil
aggregate stability seems to be hindered by a lack of instrumentation and standardized
procedures.

Soil compaction involves changes in bulk density and porosity. Decrease in soil porosity has
been widely reported in mechanically compacted soils [5].

Methodology

The study site was located at Ezareni Farm, Iasi County (47°07°N, 27°30’E). Site annual
average precipitation and annual temperature were 517.8 mm and 9.4 °C, respectively, during
the experiment. The experimental site was cropped with a rotation of soybean (Glycine max L.
Merr.), winter wheat (Triticum aestivum L.) and maize (Zea mays L.) but in this work we will
approach only the wheat plots. Each year, the wheat was sown at the beginning of October and
was harvested at the in July of the following year. Weed control was achieved by using
recommended rates and timing of appropriate herbicides.

In no-tillage variant all biomass, except harvested seeds, was evenly distributed across the
plot to cover the surface.

The experiment was a “complete block design” with three replicates.

Meteorological data to calculate monthly rainfall and meant temperature was obtained from
a local meteo station (iMetos). The experimental site received a total rainfall between 587.2
mm and 751.8 mm during 2018 and 2017, respectively.

The soil under investigation is classified as Cambic Chernozem (WRB) with a clay-loamy
texture at the surface. Initial physical characteristics of the soil on 0-20 cm depth were: bulk
density 1.33 g.cm?, pH (1:2.5) 6.8, clay 364.2 g.kg-1, silt 263.2 g.kg-1, sand 372.6 g.kg-1,
humus 2.7%.

Soil sampling was carried out in spring between 2017-2019, when undisturbed and disturbed
soil samples were collected from the winter wheat plots. Soil aggregate samples were collected
from a depth of 0-10, 10-20 and 20-30 cm under each treatment in each plot. The three random
point’s aggregate samples of the same depth in each plot were deposited into one box. Initially
the aggregate samples were air-dried and crushed along the natural cracks. Water stable
aggregates (WSA) were measured in disturbed samples, whereas undisturbed samples were
used for BD.

Soil BD was determined on an oven-dry basis by the core method. To determine bulk
density, undisturbed 100 cm?® core samples of 5 cm diameter were taken from all the three
variants in March 2019, in increments of 10 cm.

The samples for determining were previously prepared by air-drying at room temperature
for six weeks. For the wet sieving 4.0 g of air-dried soil aggregates having a predetermined
value of mean weight diameter equal to 1.5 mm (an average value of the selected soil aggregates
between 2- and 1-mm sieve openings) were used. The aggregates were then placed on a sieve
with mesh size of 0.25 mm, directly immersed without pre-wetting and sieved in a stainless
steel can containing distilled water for 3 min using a device commercially available as wet
sieving apparatus (08.13, Eijkelkamp Agrisearch Equipment, Giesbeek, the Netherlands). The
soil retained in the sieve was immersed again in a sodium hexametaphospate solution (2 g L)
for 15 min and 35 cycles min-1 and the stainless-steel pan was also dried in order to calculate
the WSA percent [6]. All analyses were replicated four times for each sample.

Soil porosity was quantified using a micro CT scanner (SkyScan 1172 Bruker, Kontich —
Belgium), at 80 kV, 100 mA and a voxel size of 6.79 um. In order to achieve better image
quality, the samples were scanned over 360 degrees with a rotation step of 0.4 degree and the
random movement parameter was set with amplitude (in number of detector lines) of 10. We
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used clods of 2-3 cm diameter, from 20-30 cm depth from NT, RD and CT. Soil clods were
sampled in March 2019. For the reconstruction of the cross-section images, the NRecon®
(v.1.6.10.1) program package was used, and the image processing analysis was performed using
CTAn® (v.1.15.4.0) software.

Wheat variety Fundulea 4 was grown at a sowing rate of 280 kg ha™! and 12.5 m cm row
width along the long axis of each plot in CT and RT and 17.5 cm between rows in NT, in rainfed
systems. Winter wheat grain yield was harvested with Wintersteiger Delta Plot Combine
(Austria) for small plots and fitted with a moisture sensor and weigh bucket. Yield was adjusted
to a water content of 14%.

The ANOVA procedure was used to evaluate the significance for the split plot design in
three replicates. Treatment means were separated by the least significance difference (LSD) test
and all significant differences were reported at 5%, 1% and 0.1% levels to find out differences
among individual treatments. For WSA Duncan test was used.

Results and Discussion

Regarding soil physical properties, in this work, we present data from the spring period of
2017-2019. Key soil physical property indices include soil bulk density, aggregate stability, and
soil porosity.

Soil porosity

Soil porosity and pore-size distribution changes in response to compaction are important for
heat, water, and air flow in soils. The response of total porosity to tillage systems was less
consistent than the responses of other soil physical properties (Table 1). Soil total porosity
ranged from 54.31 to 56%.

Table 1. The influence of tillage systems on Total porosity and Pores categories

Variant Total porosity Pores Pores Pores Pores
(%) <50 pm | 50-250 pm 250-750 pm >750 pm

NT 5431 42.73 50.70 5.80 0.78

RT 56.00 38.18 43.46 12.29 6.07

CT 55.25 30.26 39.71 15.47 14.56

Analysing the pores with diameter smaller than 50 pm, characterized as storage pores, we
can observe that in NT increased this category with 12.46% and RT with 7.92%, compared to
the control (CT). Also, the volume of pores with the diameter between 50-250 um, responsible
for water transmission, are higher in both conservative tillage variants compared with CT. The
tendency was contrary in the for the fissures (pores >750 pum). In conclusion, pores of different
sizes are not reduced proportionally during the soil compaction process and large pores are
preferentially reduced due to compaction.

Soil Bulk Density

Soil bulk density is probably the most frequently measured soil quality parameter in tillage
experiments. BD of soil as a major indicator of soil physical state and effect of all investigated
factors on it was estimated at the end of the growing season.

In the spring of 2017, the lowest BD value was registered at the soil surface (0-10 cm) on
RT variant (1.26 g cm™). As average on 0-30 cm the also the RT had the lowest value (Table
2).

NT conservation tillage practices consistently increased soil bulk density, 1.47 g cm™ in the
spring of 2018 and 2019, on 0-30 cm depth, but the values remained below the critical limit
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that may compromise crop growth. Analysing the 20-30 cm layers we observed that the biggest
values have been provided also by NT (1.59 g cm™) in the spring of 2018.

Table 2. The influence of tillage system on BD

Depth Bulk density (g cm™)
System
(cm) | 2017 2018 2019
0-10 1.33 1.35 1.32
NT 10-20 | 1.45 1.48 1.53
20-30 | 1.58 1.59 1.56
Mean 1.45 (ns) 1.47 (*) 1.47 (*)
0-10 1.26 1.19 1.25
RT 10-20 | 1.30 1.36 1.33
20-30 | 1.39 1.39 1.41
Mean 1.32 (0) 1.31 (00) 1.33 (ns)
0-10 | 1.27 1.29 1.28
CT
(control) 10-20 | 1.41 1.41 1.39
20-30 | 1.52 1.53 1.49
Mean 1.40 1.41 1.39
LSD 5% = 0.083gcm™ 0.056gcm™  0.081 gcm?
LSD 1% = 0.137gcm™®  0.093gcm™  0.134 gcm?
LSD 0.1% = 0.257gcm™®  0.174gcm?  0.250 gcm?

(*), (0) — indicate significant at 5% level of probability and (00) at 1%
level / ns = not significant (NT = no-tillage, RT = chisel tillage and
CT = conventional, plough at 30 cm)

Water stable aggregates

Overall, conservation tillage practices are expected to improve soil structure due to reduced
soil disturbance and residue retention [7].

Soil structure is a fundamental property of agricultural soils and aggregated soil structure
plays a crucial role in increasing resistance to soil erosion, water conservation and crop growth.

A well-structured soil contributes to soil productivity and to agricultural sustainability. Good
soil structure relies on the presence of stable aggregates.

The wet sieving and previously fast wetting techniques of soil aggregates seems to be one
of the most used, but it has several disadvantages: very fast wetting of sample causes the
disruption of soil aggregates due to pressure build-up of entrapped air inside of the aggregates.

The basic statistical results indicate that WSA is synergetically affected by the soil tillage
system (Table 3).

Table 3. The influence of tillage system in WSA (%) — 2019

System 0-10 cm 10-20 cm 20-30 cm Mean
NT 70.37 81.13 83.17 78.22a
RT 77.98 80.38 78.17 78.84a
CT 73.65 66.05 68.43 69.38b

Means for groups in homogeneous subsets are displayed — Subset for
alpha = 0.05 Means off all treatments are separated by different letters
when interaction effect was significant — Duncan

Aggregate stability is the most sensitive indicator of soil structure. Both conservation tillage
practices increased WSA, regardless tillage intensity compared with CT. Analysing the average
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values on 0-30 cm horizon, the largest effect size took place under chisel (78.84%), followed
closely by direct seeding treatment (78.22%) as compared to the control (CT) — 69.38%.

Similarly, a study on silty soils in Argentina found that aggregates were 30% more stable
with NT, compared to the control (CT) [8].

Winter wheat yield

Extreme climatic events like drought are becoming common and have more impact in rain-
fed agriculture. In 2017 the mean of winter wheat (Triticum aestivum L.) yield was significantly
higher (LSD 5%) where wheat was planted in NT system (5430 kg ha™') compared with control
treatment, plough at 30 cm depth (4366 kg ha!). In 2018 there were no significant difference
between those three treatments, NT, RT and CT, production ranged from 5350 kg ha™ to 6250
kg ha'l. In the last year the winter wheat yield ranged from 3245 kg ha™! in chisel treatment to
3600 kg ha'! in plough at 30 cm treatment. Unfortunately, the lower yield from 2018/2019 is
due to the extreme drought from the autumn of 2018 and also inappropriate conditions from the
spring of 2019.

Conclusions

Generally, our results firmly established the hypothesis that reduced tillage would improve
physical properties.

In some situations, decreases in crop yield in response to long-term no-tillage adoption may
be possibly caused by reduced seed germination and emergence, not optimal soil temperatures,
below-optimal plant populations, deficient weed control, delayed plant maturity, and high
kernels moisture content.

When we must choose the right tillage system, not only the arguments regarding the yield
should be considered, but also the long-term view in order to ensure the conservation of soil
and water resources and also the economic benefits for reduced and no-till systems and reported
higher energy efficiency.

The effect size of water stable aggregates was significantly greater under no-till. In our study,
NT and RT had little effect on total porosity, which may be due to improved aggregate stability
from conservation tillage practices
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Abstract

For the proper progression of the work process for cereal drying it is necessary that the
distribution of the thermic agent should be uniform and steady through the product layer, so
that the variation of the product’s humidity and temperature could be similar in all the layer’s
spots.

The purpose of this paper is to obtain a uniform distribution of heat in the product along with
a close variation of its humidity on the layer’s thickness.

In order to achieve those proposed, sunflower seeds with different humidity’s were subjected
successively to be dried, in three adjoining cells with a total thickness of 150 mm. To fulfil the
objective, there was an installation designed and built for dehydration of cereal seeds in
laboratory conditions. During the research, was monitored the influence of the structural and
functional parameters of the installation for dehydration on the variation of humidity.

The results of the experimental researches highlight the conversely proportional variation of
moisture in the three layers while increasing the drying agent’s speed and temperature. Values
of layers humidity’s have varied evenly for temperatures up to 60 °C.

In the present research work, we demonstrated that with decreasing humidity the porosity
increases in the product layer, the drying agent speed increases, the drying agent temperature
decreases, and the drying agent humidity increases.

Keywords: sunflower, dehydration parameters, seed drying
Introduction

The cereal and technical plant seeds are basic elements in nutrition, due to their content rich
in proteins, lipids, carbohydrates, minerals, their consumption being beneficial to health. [1]

Because of the humidity that the agricultural seeds have after the harvest, their perishability
1s very big or medium, so, they may be used only after the dehydration, an advantageous method
of conservation of agricultural seeds for longer periods of time. [2]

The drying objective is the humidity decrease of the seed mass, up to a balanced or critical
one, at which the storage may be possible for long time, without losses. [3]

The phenomena that take place due to the physiological processes running during the
storage, with different intensities, mostly unwanted and with particularly serious consequences,
are caused by the too high humidity of the stored seeds. [4]

There are many systems of seed storing, but the storage in dried state is actually the most
largely used one, regardless the destination, because in these conditions the physiological
processes are running at an extremely little intensity and the microorganisms do not find
growing conditions, the system thus being efficient and economical. [5]
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The working process for the controlled drying of the agricultural seeds proved to be
beneficial for the possibility of storing and using them for long periods of time, as long as there
are solutions for technical installations for seed drying, with superior output and which can
preserve the nutritive and sensory properties. [6]

One can prove that by using relatively simple equipment’s, the drying process may be
managed so that the finite products should be of best quality and the costs as low as possible.
[7]

Many authors of different researches have stated that the drying agent temperature, its
velocity and humidity have the greatest influence on the drying process. [8]

The purpose of this paper is to obtain a uniform distribution of heat in the product layers
along with a close variation of its humidity on the layer’s thickness.

For the experiment sunflower seed were submitted to dehydration in three adjoining cells
(50 mm thickness each) with four initial moisture contents (21, 19, 17, 15 %) through five
temperatures (40, 50, 60, 70, 80 °C) and four fan speeds (1, 1.5, 2, 2.5 m/s).

Methodology

The heat is brought into the product layer by means of hot air (convection). Water vapor
produced are taken out of the air, which is the mass transfer medium.

Once the heat penetrates the grain mass, the mass transfer (water) starts inside the product
to its surface.

The water can easily reach the surface of the product or product easily occurs the
phenomenon of evaporation. [9]

The water then moves under the influence of capillary forces and due to shrinkage of the
product during dehydration.

The experiences of drying products were made in the Department of Agricultural
Mechanization of the University of Agricultural Sciences and Veterinary Medicine “lon
Ionescu de la Brad”, Iasi, Romania, using laboratory facilities for drying agricultural products.

The laboratory dryer allows control and monitoring of the drying process parameters that
can be chosen by the user before or during the drying process. The technical characteristics of
the dryer are shown in table 1.

Humidity of the drying agent is monitored using moisture sensors mounted in two positions:
before the cereal layer and after.

The speed of the drying agent is controlled by the automation system, by varying fan speed.

The control of speed of the drying agent is made by using the hot wire anemometer TROTEC
TA 300. During the research, we observed the influence of the structural and functional
parameters of the installation for drying, the variation of humidity in the three layers of seeds
up to the humidity of 8%.

Table 1. Dryer technical features

No. Technical features Values

1 Reaching drying temperature 110°C in max 20 min.
2 Thermostatic temperature programming +5°C...+120°C
3 Programming the thermostat time 0...999 min.

4 Thermostatic accuracy +/-2°C

5 Temperature sensor input and output PT100

6 Humidity Sensor input and output SHT 25+/-2%.
7 Power consumption up to the programmed temperature 3500W

8 Power consumption for temperature maintenance scheduled max.550W

9 Air flow resistance before heating min. 900 m3/h
10 Dryer inlet air pressure min. 980Pa

11 Engine power drive centrifugal fan 2,2 kW
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Results and Discussions

In order to achieve those proposed were subjected successively sunflower seeds to be dried
with 21, 19, 17, 15 % humidity in the three adjoining cells with a total thickness of 150 mm.

By varying the speed and temperature of the drying agent between 1 and 2.5 m/s and between
40 and 80 °C were studied a total of 20 experimental variations for each initial moisture content.

In the case of the sunflower seeds the drying time gradually increased at the same time with
the air velocity and temperature decrease.

Generally, the drying time for sunflower seeds was much longer than the time values
obtained for cereal seeds drying, regardless the initial humidity of the seeds.

This is due to the low conservation humidity for the sunflower seeds, that is to the STAS.

The variations of the final humidity values in the seed layers I and II followed mostly the
same patterns as in the case of the other studied seeds.

Unlike the cereal seeds, the variant with uniform drying, in which the humidity values of
seed layers I and II didn’t drop very much in comparison to the third one, was obtained for the
air velocity of 1 m/s, at a temperature of 40°C.

The lowest humidity in the first seed layer, of 2.86%, was reached at the drying agent
velocity of 1.5 m/s at a temperature of 80°C. For the 1.5 m/s velocity and the 80°C temperature
the humidity of the second seed layer recorded the value of 3.71%.

The energy consumption per mass unit was calculated turning the active power into kWh
and reporting the consumption to the seed mass.

The energy consumption varied according to a very well-defined pattern, in the following
way: its values decreased as the air temperature increased and they increased as the velocity of
the thermal agent got higher. For the both boxes the minimum energy consumption was
recorded at the thermal agent velocity of 2.5 m/s and the temperature of 80°C.

It is evident the fact that unlike the studied cereal seeds, the maximum of energy
consumption for sunflower seed drying, especially for those with an initial humidity of 19%,
was also obtained for the same thermal agent temperature of 40°C, but at a velocity of 2 m/s.

The protein content of the sunflower seeds varied mostly in the same way as in the case of
the corn seeds.

It was drastically affected during the drying process at the air velocity of 1 m/s and at
temperatures of 60°C, 70°C and 80°C. For temperatures of 40°C and 50°C there were not
changes recorded.

The protein content recorded lower values starting with temperatures of 55°C ... 60°C. Once
the drying agent velocity increases, the protein content is no more so much affected.
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Fig. 1. Drying time variation in layers for the initial moisture content of 21%
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The drastically decrease of the protein content was recorded at the drying agent velocity of
1 m/s, at the temperature of 80°C.

In Fig. 1 are presented the variations of the drying time in all layers for the four initial
moisture contents. In Fig. 2 final humidities are plotted for the three seed cells for each initial
moisture content.

At the exit, the humidity follows the same downward trend in the first seven minutes due to
the elimination of water. After the half of the drying time, it decreases with increasing the
temperature.

The lowest humidity of the first layer was achieved at the speed of the drying agent of 2,5
m/s at 80 °C.

High values for the duration of drying were recorded at the speeds of 1 and 1,5 m/s. The
decreasing trend of the drying time stands out with increasing the speed and temperature.

It was found that the most uniform drying occurred at the speed of 2,5 m/s at 40 °C.

Humidity (%)
1mfs 1,5m/s 2 mfs 25 mfs

16.00
14.00
1200 _\\__
10.00 —'\ =
2.00 \
6.00
S

40 50 60 7O B0 40 50 60 7O 80 40 50 60 7O B0 40 50 o0 VO 80

Temperature|C)

| gyer|  e—gyer ] Layer Il

Fig. 2. Variation of final layers humidities for the initial moisture content of 21%
Conclusions

Due to the advantages, in the recent years, the use of artificial drying of grain with both hot
and cold air has grown up.
During the research, it was observed the influence of the structural and functional parameters
of the installation for drying, the variation of humidity in the three layers of seeds.
The conclusions concerning the optimization of the drying process for sunflower seeds by
using the cylindrical box are the following:
e Dboth the maximum and the minimum value of the drying time were obtained for
sunflower seeds with the initial humidity of 15%;
e the energy consumption was reduced with 5.28% up to 10.15%;
e for the air velocity of 1.5 m/s and the temperature of 70°C, the protein content of the
sunflower seeds with initial humidity of 15% was increased with 1.81%;
e the germination power of the seeds recorded bigger values with 1.04% up to 38.46%.
Despite the fact that for the temperatures of 60°C, 70°C and 80°C, the protein content and
the germination power of the sunflower seeds were increased, the optimal drying variant was
chosen for the drying agent temperatures of 50°C, as there were not recorded low values
reported to the witness.
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After the statistical analysis, significant differences for the protein content and the
germination capacity of dried sunflower seeds, in both drying boxes, were obtained for the air
temperature variation.

For the air velocity variation there were no significant differences obtained neither for the
protein content nor for the germination capacity of dried sunflower seeds.
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Abstract

The separating unit operation of solid particles from suspensions by utilization the
hydrocyclon is increasingly used in the food industry. The hydrocyclone is widely used in
industry, especially for the separation of minerals and chemicals, due to its constructive
simplicity, small dimensions, large flow rate and reduced maintenance costs. Due to these
advantages, hydrocyclones are used in the food indust