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WELCOME NOTES

You are welcome to owll. AGBIOL Conference that isrganized by Trakya University
Beykent University and International Researchers Associgkio®aim of our conference is to
present scientific subjects of a broad interest to the scientific community, by providing an
opportunity to present their work as oral or poster presentations that can be of great value for
global science arena. Our gaghsto bring three communities, namedgience, researadnd

private investment together in a friendly environment of Edirne, Turkey in order to share their
interess and ideas and tgetbenefit from he interaction with each other

In September 2018ve organizedhe first AGBIOL Conferencenith more than 700 scientists
andresearchers from all over the womdth over 800 scientific paperfue to COVID19
situation,ll. AGBIOL 2020 has organized fully ctine event which wasne of the biggest
online conferences in recent years in the world with 499 papers and 1133 authors with 333 oral
and 166 eposter presentations from 55 countrise to COVIDB19 situation AGBIOL 2021

was organizd online again AGBIOL 2022 conference was organized with a worldwide
participation from 44 countries over 522 papers contributed by over 1300 altdBsOL

2023 was organized with a record amdrldwide participationfrom 33 countries 833 papers
contributed by over 2000 authors with 522 oral and 311 poster presentai@BEOL 2024
consisted of 835 papers contributed by about 2000 authors with worldwide recodr participation
againfrom 55 countries with 522 oral and 311 poster presentations.

There is a worldwideecordparticipationfrom 60 countries988 papers contributedver2300

authors with400oral and588 poster presentations in AGBIOL 2R2

The AGBIOL 202 is normal participation as well as with online participationBieykent
Universityin Istanbu] Turkey on07-10 September2025. The program includkoral talks by

invited prominent scientists and oral and e poster presentations by participants in selected topics
from the submitte@bstracs focusing on Agriculture, Biology and Life Sciences topics.

With care for our nature and environment, we aim the green congress, meaning that as little as
possible papers will be uselbstractbookis published in electronic book amdistributed to

the participants by e mail for online participants. All tRpostersare prepared in electronic

form and then submit to via the conference e mail and egdiinitelectronical poster boards

as well as in online e poster hall in our web page during the conference.

The participants with paid conference gaessedll thenormal andvirtual presentation talks

in each session, as well as to visit the virtual poster hall via preliminary provideabstreecs
werepublished in the Conferen@dstractand Proceedings Book. Participants might send us
their full papers, which based on their preferenaespublished either in our Conference
Abstractand Proceedings Book or in selected International Indexed Scientific Journals.
Conference Topics:

Agriculture, ForestryLife SciencesAgricultural Engineering, Aquaculture and Biosystems,
Animal Science, Biomedical science, Biochemistry and Molecular Biology, Biology,
Bioengineering, Biomaterials, Biomechanics, Biophysics, Bioscience, Biotechnology, Botany,
Chemistry, Chemical Engineering, Earth Sciences, Environmental Science, Food ,Science
Genetics and Human Genetics, Medical Science, Machinery, Pharmaceutical Sciences, Physics,
Soil Science.

We would like to thanlall of you for joining this conference and we would like to give also
special thankto TUBITAK and collaborators for giving webig support to organize this event.

Prof Dr Yalcin KAYA
Head ofthe Organizing Committee
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ABSTRACT

In this studythe impact of dust accumulati@mn important factor affecting the efficiey of
photovoltaic (PV) panelsn energy production was experimentally investigated, with a specific
focus on hydrophilic nanocoating and iron foundry dust. Two equivalent 100W PV panels were
installed on the campus of the Faculty of Engineering at Trakya University. One of the panels
(PV Panel A) was treated with a hydrophilic nanocoating, while the other panel (PV Panel B)
was left untreated in its standard stdtiee experimental study was conducted over avireek

period from April 22 to May 27, 202®Ruring this time, the energy output of both PV panels
was continuously recorded. According to the analysis of the experimental results, the total
energy production of the hydrophilic nanocoated PV Panel A was measured as 13,485.6 Wh,
whereas the standaRlV Panel B produced a total of 10,197.0 Wh. It was observed that PV
Panel A, with the hydrophilic nanocoating, generated 3,288.6 Wh (32.3%) more energy than
PV Panel B during the test peridgkt.the conclusion of the study, energy production graphs for
both PV panels were plotted, and relevant analyses were presented.

Keywords Energy, Photovoltaic Panel, Hydrophilic Nanocoating, Iron Foundry Dust
INTRODUCT ION

In recent years, due to climate change, energy crises, economic concermsyiesmental
issues, there has been a significant shift toward renewable energy sources for electricity
generation. With technological advancements and the continuously growing global population,
the demand for energy is increasing rapidly. Among alteraenergy solutions to
conventional sources such as oil, coal, and nuclear power, solar energy stands rauhssey p

option for the futureHowever, not all of the solar radiation reaching the Earth can be utilized
for electricity generation throughhptovoltaic (PV) panels. Incoming solar radiation, which
spans a wide spectrum, is divided into direct, diffuse, and reflected components due to
atmospheric interactions. Approximately 30% of this radiation is reflected back by the
atmosphere. Even undeorapletely clear skies, only about 80% of the incoming radiation
reaches the Earth's surface. On average, only about 50% of solar radiation is usable under
normal daily conditions [1]Several factors affect the efficiency of converting solar radiation
into electrical energy through the photovoltaic effect. These include the inability of solar cells
to fully absorb the radiation, the partial usability of photon energy, increased cell temperature,
shading effects on the modules, and surface contaminatidgmeahodule cells [1]. These
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efficiency-reducing factors have long been the subject of extensive research, and alternative
solutions continue to be sought. One of the key issues is dust accumulation on the PV panel
surface and the resulting degradation of cell performancél2]reduction in energy efficiency

of PV panels varies depending on the amount and type of dust accumulated on their surfaces.
While many studies have focused on the general performance impact of dust on PV panels,
relatively few have examined how diffetagpesof dust affect performance [2]. The extent of

dust pollution varies significantly depending on the geographic location where solar energy
systems are installed [3]. A variety of pollutants from different sources are encountered in urban
and rural environmnts. For instance, particles such as limestone, ash, soil, sand, and general
dust are transported differently depending on the regids] [Additionally, dust accumulation
becomes a significant issue in urban areas due to air pollution and increastdainalctivity

[6]. Dust and particulates released from fossil fuel combustion and construction activities lead
to a reduction in solar irradiance. Consequently, this decline in irradiance negatively affects
voltage and current values, resulting in a dase in PV panel performance [Mloreover,
atmospheric deposits such as dust, air pollution, sea salt, and organic residues, in combination
with meteorological conditions like wind speed, temperature fluctuations, humidity, snowfall,
and hailstorms, carfurther reduce system efficiency [81]. Studies in the literature
investigating the effects of dust and surface contamination on PV panel performance have
particularly focused on environmental factors such as wind, precipitation, temperature,
humidity, and solar radiation. It has been foundtirasmaller the dust particle size, the greater

the shading effect on PV panels. Higher solar radiation, wind speeds, and atmospheric humidity
also lead to thicker dust accumulation on PV surfaces, thereby re@dfotmency. On the other

hand, some surface cleaning occurs naturally following rainfall, and steeper panel tilt angles
facilitate the remwal of dust from surfaces [12].

In another study, the accumulation of dust on PV panels under the influence of wind barriers
was analyzed using computational fluid dynamics (CFD) simulations. Variables such as dust
particle size, wind barrier height, and porosity were considered. Shess sansport models

were used to simulate airflow behavior around PV systems with wind barriers. The results
showed that as the wind barrier height increased, the rate of dust accumulation on PV panels
decreased to 8.62%, 7.98%, 7.54%, 7.27%, and 6.4%bectively. The study identified the
optimal wind barier height as 2.5 meters [13}.recent study conducted in Iraq investigated

the impact of dust particles on PV panel performance. The experimental study was carried out
at the University of Technology in Baghdad from March 15 to May 15, 2024. When dust density
reached 10 g/mz, the ponautput of the PV panel decreased by 34%. Furthermore, a nonlinear
relationship was observed between the fill factor (FF), dust density, and conversion efficiency.
Under a constant irradiance of 750 W/mz, the PV panel efficiency dropped from 19.8% to 6.3%.
Based on the studyds findings, dust accumul a
to 19.2%. The research emphasized the importance of developing effeztingnglstrategies,
especially in regions like Iraq where high dust levels and extreme temperatures are common
[14].

Unlike the aforementioned studies, the present research involved the installation of a solar
energy conversion system consisting of two PV panels with equivalent output power on the
campus of the Faculty of Engineering at Trakya University. A hydrophalimooating was
applied to the surface of one panel to prevent dust accumulation, while the other panel was left
in its standard state. For the experimental procedure, industriéundrydust was uniformly
distributed over the surface of all cells attbPV panels. Over a continuous fweek period,

the voltage and current values of both pae&|sosed to iron foundry dustere recorded, and
energy output was calculated and analyzed accordingly.
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MATERI ALS AND METHODS

A solar energy conversion system was installed on the $acitiy side of the Engineering
Faculty campus at Trakya University, as shown in Figure 1. The experimental setup consists of
two polycrystalline photovoltaic panels, each with an equivalent opgwér of 100 W, along

with a data recording system to monitor and analyze energy production values. The technical
specifications of the photovoltaic panels used in the solar conversion system are presented in
Table 1. Before the start of the experimewthbPV panels in the test setup were washed with
water and allowed to dry completely. The initial conditions of the PV panels and the
experimental setup are illustrated in Figure 1.

Figure 1. Experimental Setup

The technical specifications of the hydrophilic nanocoating applied to the surface of PV Panel
A are presented in Table 1.

Table 1 Technical specifications of the nano coating material

Feature Value

Density 0.81 g/ml

Viscosity 1.2cP

Boiling point 78 °C

Ignition point 016.6 UC

Active components <5% wt

Volatile Organic Content (VOC) >85% wt

Color Whitish transparent/translucent
Solvent Ethanol

After the PV panel surfaces dried, a hydrophilic nanocoating in liquid form was manually
applied to the surface of PV Panel A using a sponge. The properties of this liquid coating
material are presented in Table 2. No treatment was applied to the suifatPaiel B, which
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was left in its standard condition. Subsequently, industrial iron dust obtained from a
manufacturing site in an industrial region was uniformly sprinkled over all the cells on the
surfaces of both PV panels. During this process, the tilt angle of therfé\6peas fixed at 10°

to ensure that the irofoundry dust would remain on the panel surfaces for a longer period
without falling off.

Table 2 Technical specifications of solar PV module

Feature Value

Brand and Module Cell type Tommatech Pollycrystalline
Maximum Power (Pmax) 100Wp

Voltage at maxime Power (Vmp) 19.73V

Current at Maximum Power (Imp) 5.58A

Open Circuit Voltage (Voc) 23.22V

ShortCircuit Current (Isc) 5.81A

Maximum System Voltage 1000V

Maximum Series FusRating 6.%A

Figure 2 illustrates the application of iron foundry dust onto the photovoltaic cells of PV Panel
A and PV Panel B.
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Figure 2. Iron Foundry Dust Deposited on the Surfaces of PV Panels

Following the application of iron foundry dusthown in Figure 2, voltage and current values
produced by the PV panels were recorded daily from 07:00 AM to 07:00 PM over a period of
five weeks. The control panel of the data acquisition device used for recording the data is shown
in Figure 3.
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Figure 3. Datalogger Used for Data Acquisition in the Experimental Setup

At the conclusion of the experimental study, the recorded voltage and current data were
retrieved from the memory card of the system, and the energy output of the PV panels was
calculated. Subsequently, graphs illustrating the power output and energgtimmdiithe PV

panels were plotted.

RESULTS AND DISCUSSION

During thefive-week experimental study, a random day May 11, 2025 was selected to
capture instantaneous imagegh# photovoltaic surfaces of PV Panel A and PV Panel B,
which are presented in Figure 4.

PV Pianel A PV IPanel B

.
]
!

Figure 4. Surface Images of the PV Panels

During the experiments, May 11, 2025 was selected as a random day to capture images of the
PV panel surfaces. As shown in Figure 4, a higher concentration of iron foundry dust was
observed on the surface of PV Panel B, which was not treated with hydromnlbcoating.

Under these conditions, the power output of PV Panel B was found to be lower, as illustrated
in Figure 5.
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Power of Random Day (11 May 2025)
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Figure 5. Comparison of PV Panel sdo Powe

As observed in Figure 5, PV Panel A, which was coated with the hydrophilic nanocoating,
generated higher power throughout the dagtallly, between 12:00 and 15:@hen solar
irradiation was most inteng&V Panel A produced a peak power output of 70 W. During the
same period, the power output of the stan®ardPanel B did not exceed 55 W.

Similarly, Figure 6 shows that, consistent with the randomly selected day, the power output of
PV Panel A remained higher throughout the day. Analysis of the experimental results identified
May 26, 2025 as the day with the highest power output for botpalP¥ls.

As shown in Figure 6, on May 26, 2025, during the period of highest solar irradiation between
12:00 and 15:00, PV Panel A produced power close to 80 W. In contrast, the standard PV Panel
B achieved a maximum power output of 65 W during the same time aht&hese results
indicate a significant decrease in power output for PV Panel B, which was not treated with the
hydrophilic nanocoating.

Analysis of the experimental data revealed that the lowest power output from the PV panels
occurred on May 16, 2025. As observed in Figure 7, even on the day with the lowest output,
PV Panel A with the hydrophilic nanocoating maintained a higher poweutotwmpared to

PV Panel B.
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Power of Best Day (26 May 2025)
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As observed in Figure 7, on May 16, 2025, solar irradiation was low during the day, with
insufficient sunlight recorded particularly betweE2r00 and 13:40. Around 13:0BV Panel

A produced an instantaneous power output close to 3BuAing periods of low irradiation,
even PV Panel A, which was treated with hydrophilic nanocoating, was unabé&iver d
sufficient power outputAs shown in Figure 8, throughout the entire experimental period from
April 22, 2025, to May 27, 2025, PV Panel A consistentiyegated more energy compared to
the standard PV PanBl
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Figure 8. Comparison of Daily Total Energy Output from the PV Panels

As shown in Figure 8, on May 10, 13, 16, and 17, solar irradiation levels were very low,
resulting in insufficienenergy generation from both PV panels. Based on these results, it was

determined that the application of the hydrophilic nanocoating on PV Panel A improved energy
efficiency.

CONCLUSION

In this study, the effect of dust accumulation, which significantly reduces the energy output of
photovoltaic (PV) panels, was investigated with a focus on hydrophilic nanocoating and iron
dust. Throughout all experimental days, the PV Panel A treatechwyditophilic nanocoating
generated more energy than the untreated PV Panel B. Analysis of the results showed that,
under the same conditions and exposure to iron dust, PV Panel A produced 32.3% more energy
compaed to the standard PV Panel B.

On the day of highest energy production, May 26, 2025, PV Panel A generated 475.4 Wh of
energy, while PV Panel B produced 378.7 Wh. PV Panel A with hydrophilic nanocoating
produced 96.7 Wh (25.5%) more energy than the standard PV Panel B on this daydén th
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of lowest production, May 16, 2025, energy outputs of 19.5 Wh and 14.6 Wh were recorded
for PV Panel A and PV Panel B, respectively. PV Panel A generated 4.9 Wh (33.6%) more
energy than PV Panel B on that d&@ver the entire recording period, the total energy
production of the hydrophilic nanocoated PV Panel A was 13,485.6 Wh, compared to 10,197.0
Wh for the standard PV Panel B. This corresponds to an increase of 3,288.6 Wh (32.3%) in
total energy output for PPanel A relative to PV Panel B throughout teeording period.
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ABSTRACT

Solar energy is considered a sustainable resource due to its infinite availability, safety, and the
fact that it does not emit greenhouse gases into the atmosphere. Numerous academic studies
have been conducted on photovoltaic (PV) panels used in ekyctgeaneration from solar
energy. While rooftop installations are the most common applications in buildings, interest in
alternative installations such as balcony railings, terrace shading systems, and facade cladding
is increasing due to various constraiaind sitespecific conditions. In high rise buildings in
particular, limited roof space or an unfavorable roof orientation makes PV facade applications
a viable alternative. However, for such applications, accurately modeling the solar energy
conversion gstem and conducting thorough technical and economic analyses are of critical
importance. Therefore, before installation, the system should be modeled to analyze investment
cost, energy efficiency, and payback period. One of the most commonly used stuftisafer
modeling and simulating solar energy systems is PV*Sol. In this study,-kdV75elf
consumption solar energy system was designed and analyzed using PV*Sol software, based on
the location data of the Agricultural Research Institute Building imnEd Turkey. Two
scenarios were evaluated: installation on the South facing roof and, on the South, facing facade
of the building. The results show that for both applications, the total investment cost is
2,235,600. The pay b aroditopmmstallatiandnd extends to 85ygaesar s
for the facade application. Additionally, it was determined that the rooftop system would
prevent approximately 49.244 kg of CO emi s s

Keywords: Energy, Solar Energy, PV*Sol Software, PV Panel, Sustainability
INTRODUCTION

In many countries around the world, the continued reliance on fossil based energy
sources leads to environmental pollution, economic challenges, and climate change. Therefore,
the transition to renewable energy and the diversification of energy sourceshéeame
increasingly important. Solar energy is widely preferred due to its inexhaustible nature,
cleanliness, and the absence of harmful emissions. However, before installing a solar energy
system, it is crucial to select appropriate system componestdban the specific site
conditions and to conduct thorough technical and economic analyses. Various simulation
programs are used for this purpose, offering results that closely approximate real world values.
One of the key parameters influencing thesdyaea is the proper positioning of photovoltaic
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(PV) panels. As is well known, PV panels in solar power plants in Tirkiye are typically installed
facing south at an opti mal tilt angl e basec
However, in certain cases such as when the roof orientation ugabis, the available roof

area is insufficient, or shading is present installing PV panels vertically on the South facing
facade of a building becomes a viable alternative. Vertical PV panels on building facades are
particularly suitable for high riserstctures [12]. Moreover, the application of solar energy
systems in the construction sector plays a significant role in urban transformation projects [3
4]. The depletion of fossil fuel reserves and the rising cost of energy have further increased
interes in renewable energy sources in many parts of the wairlll [3. Integrating PV panels

into the facades of tall buildings provides substantial surface area for energy generation [8].
However, conventional silicon based PV panels are often heavy, whiek plallenges for
vertical facade installations and reduces their adoptio®)] [8

A review of the literature reveals several studies aimed at improving the energy efficiency of
building integrated photovoltaic (BIPV) systems. In one approach, phase change materials and
carbon foam were applied to the rear surface of facade mounted e\, paesulting in an
energy efficiency improvement of between 12.64% and 27.35% [10]. In two case studies
conducted in Lisbon, Portugal, predictive models were developed to estimate the potential of
rooftop and facade PV panels using light detection amgjing (LIDAR) data and local
meteorological records. According to the analyses, PV installations on roofs and facades could
meet approximately 50% to 75% of the total electricity demand [blh modeling and
simulation study where the parameters limiting the integration of photovoltaic (PV) panels were
categorized into three groups facade functionaditytability, and surrounding obstructions it

was determined that approximately 31% of the total vertical facade area is suitable for PV
system installations. Although there are certain constraints regarding material selection and
geometric uncertainties ifacade integrated PV systems, the study emphasized that such
installations are necessary for urban renewal projects [12]. In another simulation study, the
potential for installing solar energy systems on the rooftops and facades of buildings in densely
populated areas of Singapore was analyzed. The structural characteristics of the buildings, the
distance between buildings, and plot dimensions were examined for their impact on rooftop and
facade installations. Simulations were conducted for 12 existinigctisin Singapore. The
results suggested that standardizing roof shapes, facade orientations, and building heights could
increase the feasibility of PV installations and reduce shading effects [13].

In Nigeria, a study focused on reducing energy consumption through PV panel installations on
the facades of institutional buildings. The research investigated facade design, the selection of
suitable solar panels, and the choice of facade wall matetiaasiconcluded that thin film

and monocrystalline PV panels are suitable for facade applications. Moreover, the integration
of PV systems into fagades was found to offer not only renewable energy generation but also
thermal benefits that contribute totbeui | di ngbés heating requireme
analyzed key parameters such as heat transfer across the facade, cooling demand, and daylight
utilization. It was found that more than 30% of the building area had a daylight factor ranging
between 1.0%and 3.5%. From an economic perspective, it was observed that the payback
period of double laminated monocrystalline PV glass is relatively long [15]. In a recent study,
the design and retrofitting of solar energy systems in existing buildings were edayine
guantitatively investigating the relationships between PV capacity, tilt angles, and resulting
building energy consumption. Using a numerical simulation tool, the fluctuations in indoor
temperatures throughout the year, changes in energy consungpttbR\ power generation
potential were thoroughly evaluated both before and after retrofitting. The findings showed that

all improvement scenarios led to reductions in indoor temperatures and energy consumption
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during the summer months. Additionally, this configuration was projected to reduce carbon
di oxide (CO ) emissions by 128.90 tons per
[16].

In contrast to previous studies in the literature, this study presents a technical and
economic analysis of vertically mounted photovoltaic panels (at a 90° angle) on the south
facing external wall of a building, specifically in cases where there is icigmff space on the
southfacing roof for solar energy system installation.

MATERIALS AND METHODS
This study aims to evaluate the energy production and economic performance of

photovoltaic (PV) panels to be integrated into the roof and dadgthg facade of the
Agricultural Research Institute building located in Edirne, Turkiye. The solar energynsyste

with a planned output capacity of 75 kW, was

The system was configured using 108 CWT690 monocrystalline PV modules, each with a

capacity of 690 W, ad0KTh-NI0 inverterhandoather syStehiN2 0 0 0

components. For the simulations, the tilt angle was set to 32° for the rooftaltetinsn and

90° for the south facing vertical fade, based on the site's geographic location. A visual
representation of the installation site is shown in Figufdé& study focuses on a grid connected
selfconsumption PV system, in which panels are mounted both on the roof and vertically on
the facade. Energy efficiency under both scenarios was examined in detail. Based on the results
of the simulation analyses, the taaainual electrity generation from the rooftamounted and
vertically facadantegrated PV panels was calculated and illustrated graphically.

Figure 1. Location view of the Agricultural Research Institute Building [17].
For the simulation analysis, the building location shown in Figure 1 was first selected, followed

by the configuration of other system components. Additional system specifications are
presented in Table 1.
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Table 1. PV Generator Moduleréa [17].

Module Area
PV Modules 108 x CWT6960132TNB12V (v2)
Manufacturer CW Energy Engineering Trade afebustry Limited Company
Tilt Angle (°) 32/ 90
Azimuth Angle (°) Southwest 225
Mounting Type Rootfintegrated rear ventilatiohwWall-integrated rear ventilatio
PV Generator Area (m?) 3355
Shading (%) 0

As shown in Table 1, a surface are886.5 m2 was utilized for the arrangement of photovoltaic
panels.

RESULTS AND DISCUSSION

Based on the components of the solar energy conversion system designed for the
Agricultural Research Building, the electricity production estimates obtainedfi@iV Sol
simulation software are presented in Table 2.
In the case of implementing a giwdnnected, selfonsumption solar energy conversion system
on the buildingbés roof, an annual el ectricid
shown in Table 2.

Table 2. Production Estimate [17].

Production Production
Estimate (South, Estimate (South,

Roof) Wall)
PV generator outpykWp) 7452 7452
Annual Specific Energy Yield (kWh/kWp) 1406.00 926.10
System Performance Ratio (PR) (%) 89,06 8883
Electricity Exported to the Grid (kWh/year) 104,786 69,024
rid Feedin During the First Year (Including 104,786 69,024
Module Performance Degradation)
(kWh/Year)
Consumption in Standby Mode (Inverters) 11 11
(kWh/Year)
Prevent ed CKylyeaftmi s s 49,244 32,436

As shown in Table 2, when photovoltaic panels are integrated into thefaounty wall surface

of the building instead of being installed on the roof, the annual electricity production decreases

to 926 kWh. Along with the reduction in electricity generatidue to the integration of
photovoltaic panels into the building wal/l,
emissions also decreases.

The financial analysis results of two different design implementations, installed with the same
investment cost, are presented in Table 3. When the solar energy conversion system is applied

to the roof, the payback period is 7.9 years, whereas integtatng sy st em i nt o th
southfacing wall increases the payback period to 8.5 years.
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Table 3. Financial Analysis [17].

Gain from Roof Gain from Wall

Application Application
Tot al |l nvest ment Cos 2,235,600.00 2,235,600.00
Internal Rate of Return (IRR) (%) 5946 5553
Payback Period (Years) 79 85
ElectrictyPr oducti on Cost 1.1824 1,7951
Energy Balance / Grid Fead Concept Full Grid Feedin Full Grid Feedin

As shown in Table 3, the unit cost of electricity generated is lower for the roof installation,
depending on the system desigdowever, despite these advantages, certain practical
challenges mcountered in roof applicatiorsich as insufficient space and the absence of a
southfacingroofi ndi cate that photovoltaic panels may
facing wall instead.

Based on the simulation results, the total energy yield from the solar energy system is estimated

to be 104,786 Wh for the roof installation (with a south orientation of 32°) and 69,024 Wh for

the integration on the southcing wall (90° orientation).

CONCLUSION

In this study, a 75 kW setfonsumption solar energy conversion system for the
Agricultural Research Institute Building in Edirne Province was designed using PV Sol
simulation software, considering both the sefating roof installation and integration on the
southfacing wall surfae, followed by technical and economic analyses. For both designs, the
investment cost was 2,235,600 TRY. The payback period for the roof installation was found to
be 7.9 years, whereas the integration of photovgi@nels ot he b ui | dacinggvdils s o u't
extended this period to 8.5 years. Moreover, the unit cost of energy production was determined
to be lower for the roof application. Additionally, it was observed that implementing the solar
energy system on the roof would prevent approximatedy, 244 kg of CO emi s
Despite these advantages, when challenges such as unsuitable south orientation of the roof for
mounting, insufficient roof area, and shading are encountered, integrating photovoltaic panels
perpenic ul ar | y on t hfsingwaliemergesiag & \sable altarnative solution.
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ABSTRACT

Solar energy is abundant in many countries worldwide and is easier to use compared to other
renewable energy sources. However, the overall conversion efficiency of photovoltaic (PV)
panels used for electricity generation from solar energy remains refdtivelMaximizing the
efficiency of solar energy systems requires maintaining the cleanliness of PV panel surfaces. In
this study, the effect of periodic cleaning of PV panel surfaces with only water on energy
efficiency was investigated. An experimentalas energy conversion system was installed on

the campus of Trakya University Faculty of Engineering. The setup included two
polycrystalline PV panels (PV A and PV B), each with a nominal output power of 260 W.
Initially, both PV panels were cleaned. Sedpgently, PV A was left uncleaned, while PV B

was washed with only water at 88y intervals. Daily energy production data from both panels
were recorded overfave month period. At the end of this period, the energy output of PV B,
which was cleaned madnly with water, was approximately 3% higher than that of the
uncleaned PV A. The experimental results indicate that washing PV panels with water every
30 days can improve energy efficiency. Future studies are expected to build upon these findings
by compaing more frequent cleaning intervals to evaluate their effects on energy performance
in greater detail.

Keywords: Energy, PV panel, Water cleaning, Efficiency
INTRODUCTION

In recent years, electricity generation from solar energy has become increasingly
preferable among renewable energy sources. Compared to other alternative energy systems,
solar energy systems are expected to become even more widespread in the fututieailue to
advantages such as ease of installation, the absence of moving parts, economic feasibility, and
long operational lifespan. While environmental concerns related to the use ofbfss
energy sources persist globally, solar energy is considgrashasing solution for electricity
generation [13]. It is estimated that by the year 2050, photovoltaic (PV) panels will contribute
approximately 25% of the world'stéd electricity production [4]Despite these developments,
the conversion efficiency of photovoltaic panels remains relatively low under current
conditions. Furthermore, depending on operational factors, this efficiency may decline even
further. The accumulation of dust and dirt on P&h@ surfaces significantly affects the
sy st e mo efficiencye Dugtyparticles on the panel surface not only block light from
reaching the solar cells but also lead to an increase in cell temperature. As a result of these
adverse conditions, energy losses increase, reducing the output power of the P@lphakl.
case studies have shown that coal dust (up to 64%), fine sand (32%), and gypsum dust (30%)
can reduce energy output significantly [1]. On the other hand, although the efficiency of PV
panels varies depending on production technology, factors susbla irradiance, ambient
temperature, wind speed, and tilt angle also contribute to performance |[djeé\fter the
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effects of solar irradiance and temperature, dust accumulation is the most significant factor
causing a decrease in PV output power [7], as dust formation restricts the transmission of solar
radidion to the module cells [8].

A review of the literature on improving energy efficiency through PV panel cleaning reveals
that manual cleaning majamage photovoltaic surfaces due to the pressure exerted by chemical
cleaning solutions used to remove accumulated dust and particulates [10]. Furthermore, the use
of sprinkler systems for PV panel cleaning can lead to excessive water consumption, which
poses a challenge in regions with limited water resources and frastaargbility perspective
[11].Waterless cleaning methods, such asdekining superhydrophobic and superhydrophilic
coatings, rely on gaseous substances reacting with hot surfacesorittglling energy
efficiency under these conditions is difficult. Therefore, further research is needed regarding
factors such as transparency, ardflective poperties, and durability [12]ln one study
conducted under the climatic cotidhns of Oman, a simonth performance evaluation of a PV
system was carried out to assess the impact of dust accumulation and determine optimal
cleaning intervals. Using a manual cleaning method, the study found that efficiency dropped by
28% in the unclaned PVarray [13].

Unlike previous studies, this research experimentally investigates the effect of water
only cleaning on energy efficiency in a PV system installed at Trakya University Faculty of
Engineering Campus, located in Edirne, a region with relatively low dust levels. ThenBV pa
surfaces were cleaned at @8y intervals using only water.

MATERIALS AND METHODS

To investigate the effect of surface contamination and dust accumulation on
photovoltaic (PV) panels, a solar energy system was installed at the Trakya University Faculty
of Engineering Campus, as shown in Figure 1. In the experimental setup, two idewtical
panels with a rated power of 260 W were usec
employed in the study are presented in Tablatthe beginning of the experiment, both PV
Panel A and PV Panel B were cleaned using only water and a spabgeq8ently, the energy
production data from bothapels were recorded over a fiventh period. Following the initial
cleaning, PV Panel A was left unwashed and unmaintained throughout the entire test period. In
contrast, PV Panel B was cleaned every 30 days using only water and a sponge. In other words,
while PV Panel A remained compdéy uncleaned, PV Panel B was washed a total of five times.
This setup enabled anauation of the impact of watbased cleaning on the energy efficiency
of PV panels. Athe end of the fivenonth experimental period, the total energy output of both
panels was analyzed and visualized through comparative graphs.

The voltage and current values obtained from the PV panels were recorded throughout the
experimental period using a systepecific data logger, as shown in Figure 2. Based on these
voltage and current values, the output power and the total amount of energy produced by the
PV panels were calculated.
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Figure 2. Data logger system used for recording PV panel voltage and current values

All technical specifications of the PV panels used in the solar energy conversion system are
presented in Table 1.
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Table 1 Technical specifications of solar PV module

Feature Value
Maximum Power (Pmax) 260 W
Power Tolerance 0~+3%
Maximum Power Voltage (Vmp) 31.1V
Maximum Power Current (Imp) 8.37 A
Open Circuit Voltag€Voc) 38.1V
Short Circuit Current (Isc) 8.98 A
Nominal Operating Cell Temperature (NOCT) 45+2°C
Maximum System Voltage 1000 vDC
Maximum Series Fuse Rating 15A
Operating Temperature -40°C~+8°C
Application Class A

Weight 18.5 kg
Dimension 1650x992x40 (mm)

RESULTS AND DISCUSSION

Following the experimental study, the energy production values obtained from PV Panel
A (which was not cleaned) and PV Panel B (which was cleaned once every 30 days using only
water) were analyzed. After thitial conditions, PV Panel B, which wakaned with water
once every 3@ay interval, consistently produced more energy each month compared to the
uncleaned PV Panel At the end of the fivenonth period, the total energy outputs of both PV
panels were compared. The cumulative energy production values for PV Panel A antePV Pa
B are presented in Figure 3.

Produced Solar Energy by Mon{iA¢h)

30.000,00

25.000,00

20.000,00
15.000,00
10.000,00
5.000,00
3 4 5 6 7 8 9 10 11
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Figure 3. Monthly Total Energy Production of the PV Panels

As shown in Figure 3, PV Panel B, which was cleaned only once every 30 days,
produced more energy each month. When the total energy production was examined on a
monthly basis, a larger difference in energy output between PV Panel B and PV Panel A was
obseved during the 6th, 7th, and 8th months. This suggests that dust and dirt accumulation on
the PV panel surfaces have a greater negative impact on the output power of the panels during
months with higher solar irradiance levels. Based on the results sfulbig it was concluded
that regular cleaning and washing of PV panels leads to an increase in energy effididney.
end of the experimental study, surface images of both PV panels under the current conditions
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were capturednd are presented in Figurd Aroughout the study, the surface of PV Panel B,
which was cleaned once every 30 days using only water, appeared significantly cleaner
compared to the surface of PV Panel A, which was never cleaned, as illustrated in Figure 4.

"" ] 1S |
f ‘

\ |

Figure 4. Surface Contamination Images of PV Panels After the Experiment

As shown in Figure 4, dust and dirt accumulation on the surface of PV Panel A has been
found to reduce its energy efficiency. Therefore, regular cleaning or washing of PV panels is
essential to prevent the formation of contamination and dust. In Figtine Sutput power
profiles of PV Panel A and PV Panel B are compared for a randomly selected day in July, the
month with the highest solar irradiance during the fivanth experimental period.

As observed in Figure 5, the output power of PV Panel B, which was cleaned with water,
consistently remained higher than that of PV Panel A throughout the day. Although
instantaneous output power of PV panels may fluctuate during the day, the criticadteara

the total amount of energy generated from a PV panel over the course of the day.

Random Day(Wh)

120
80

40

00:44:32
7

353
9

07:17:33

00:00:51
01:28:12
02:11:52
02:55:32
03:38:12
04:22:53
05:06
05:50:13
06:33
21:51:13
2233
23:18:34

Figure 5. Comparison of the Output Power of PV Panels on a Randomly Selected Day in July
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For the randomly selected day, it is observed that the output power of PV Panel B, which was
cleaned with water, increases significantly during periods of high solar irradiance, particularly
around midday.

CONCLUSION

In this study, the effect of dust and dirt accumulation on the surface of photovoltaic (PV)
panels used in solar energy systems on energy efficiency was investigated. PV Panel B, which
was manually cleaned with water at 88y intervals on the installed solar energy system,
produced approximately 3% more energy over a finanth period. Data analysis from the
system revealed that during tiiee month timeframe, the wateteaned PV panel generated
3122 Whmore energy compared to the uncleaned paehsidering the large number of
photovoltaic panels used in solar power plants, it is evident that regular cleaning with water
alone can result in significantly higher energy yields throughout the year. In conclusion, regular
cleaning of PV panel surfacemt only increases energy efficiency but also extends the
operational lifespan of photovoltaic cells. Future studies using different cleaning agents may
provide clearer insights into potential increases in gnefficiency.
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ABSTRACT

During these last years, the important evolution in the computer field and the progress
made in the methods of calculation of quantum chemistry make it possible to give a good
prediction and a good description of the electronic properties of a given émthys work, we
have used theoretical study of the substitution reaction by grafting of salicylic acetyl on a unit
of epichlorohydrin. We have determined the purely theoretical parameters of the dipole moment
(DM), the energy of the frontier orbitalsMO, LUMO and the energy gap by two methods
HF and DFT, we have also calculated the characters DEN (Normal Electronic Demand) or DEI
(request Electronic Inverse) on the substitution reaction of salicylic acetyl (aspirin) + poly
(epichlorohydrin); we have atculated the HOMO/LUMO gap energies for the two
combinations. The electronic chemical potential 1, and the nucleophilicity index (N).

Local reactivity descriptors of aspirin and epichlorohydrin were calculated using the population
analyzes of Mulliken and Hirshfeld by the method DF316G(d,p) and also using the analysis
of ESP population. A theoretical spectral study of the final prodR, **C NMR was carried

out.
Keywords: Epichlorohydrin, HOMO, DFT, salicylic acetyl, nucleophilicity, Computational
Chemistry.

INTRODUCTION

Computeraided chemistry (Computational Chemistry), its applications can be used for
elucidation and analysis of chemical structures, the processing of chemical information or even
theoretical chemistryustyna Krupaand al.2023Very precise calculation algorithms are used
to minimize the total energy according to the structural parameters and to predict the most stable
structure of the studied compourdds k 0 § a | aBdatotina Kukaj and al.2024
Computational chemistry methods such as molecular simulations, aemsitional theory
(DFT), and ab initio approaches are crucial for analyzing the behavior of molecules during the
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reaction and the transformation of forms before and after the reaction, which is essential for
addressing challenges related to multifunctional polymer utilization and environmental impact.
In this work, the main objective is to use a theoretical study using Gaussian09, of the
substitution reaction by grafting of AcSa on units of epichlorohydrin polymer, to be able to
confirm the obtaining of the new multifunctional polymer schematic 1 ehleegy separation

of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) has been used as a simple indicator of kinetic stalbilitg BagXiaowei Wang and
al.2024 Peng XjFengling Sun.202#o0ted that the HOM@Q.UMO gap reflects the chemical
stability of the molecule. In general, an atom with a higher density HOMO should have a higher
ability to remove an electron, while an atom with a higher density occupied by a LUMO should
have a higher force to gain an electron@® Parr and W. Yang1989 . On the other hand
Mulliken atomic charges play an important role in understanding the chemical reactivity of
compounds R. S. Mulliken.1932,1939 .

The aim of the present work is to predict the nucleophilic and electrophilic attack sites of some
classes of chemical reactions using reactivity indices derived from the density functional theory
(DFT). First, we have calculated the global and local nytigicity indices.Then, we have
conducted a theoretical study of a substitution reaction: epichlorohydrin and acetylsalicylic
acid. The local and global reactivity indices derived from the DFT are very reliable for the
prediction of electrophilic or nuabghilic attack sites provided that efficient methods (B3LYP)

are used for the energy and geometric calculations of the reactants.

CH . CH., oE AcSa CH, CH. OH
4. O/ \CH. - L O/ \‘C’E-I
| @ TBAH 'KOH l n — HCI
CH i'

Schematic 1. Chemical modification of PECH by AcSa

MATERIAL AND METHOD

Optimized Geometries and Frontier Molecular Orbitals
Gaussian software was used in order to carry out all the structure optimizations studied with the
following DFT. The calculation was launched with tiegrelation exchange functional B3LYP
and the Gaussian basis3&G (p,d). The latter has the same denomination, where the set of
functions p added to the hydrogens and the set of functions d added to the other heavy atoms is
well defined.
First, the theoretical calculation was made with the DFT method using the functional B3LYP
(Becke LeeYang Parr) and the base3LGdp, for the latter. Optimization with this method
gave us almost similar conformations, the latter having the lowest pogsibiation energy,
hence the most stable conformation.
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RESULTS AND DISCUSSION

OPTIMIZATION OF OBTAINED PRODUCT
Calculation details The DFT/B3LYP and-33d1++G(d,p) methods were used to
optimize the molecular structures of polymer obtained. The progfaaussian09W and

GaussView5.0 were utilized to carry out all the necessary DFT calculations and visualizations.
we obtained E=1070.545578 au
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Figure 1: B3LYP/6-31G(d) computed structure tife graft polymer

HOMO -LUMO

Green and brown colors represent positive and negative phases, respectively. Data from the
HOMOLUMO analysis are presented in Figure 2 .
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Figure 2. B3LYP/6-31G(d) HOMQ LUMO of acetyl salicylic anaepichlorohydrin

epichlorohydrin

2

>

To clarify the characters DEN (Normal Electronic Demand) or DEI (Inverse Electronic
Demand) on the substitution reaction of salicylic acetyl and PECH; the HOMMID gap

energies for the two combinations were calculated (chemical potential (1, and thophilicidy
index (N)) (Table.1).
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Table.1:B3LYP/6-31G(d) HOMO and LUMO energies as well as global reactivity indices for
salicylic acetylandepichlorohydrin given in electronvolts [eV]

eE( |aeE(I
LUMO | HOMO NED | IED M ¢ S q NOT
Salicylic acetyl | -0.069 | -0.258 | -0.288| -0.198 | -0.164 0.189 | 2,640| 1.935| 2.326
Epichlorohydrin| 0.029 |-0.267 | 0.288 | 0.198 |-0.119 0.297 | 1.685| 0.652| 2.089
e&E(1) = HOMO( i14@MO( epighloioltydrin); et y | )
eE(11) =HOMO( & puMO(sdliaylicacaty)dr i n )

Table .1 show that the energy difference corresponding to the HOMO (salicylic acetyl) / LUMO

( epichlorohydrin ) combination is lower than that corresponding to the HOMO (
epichlorohydrin ) / LUMO (salicylic acetyl) combination, which shows that the Jialagetyl
behaves as an electron donor (nucleophile) and epichlorohydrin as an electron acceptor

(electrophile).
THEORITICAL SPECTRUM STUDY

Theoretical study of the Infra-Red Spectrum of the graft polymer

Examination of the theoretical IR spectrum (Figure®he modified polymehas enabled us

to identify the main intensive characteristic bands with the frequencies 1168 wiich
indicates the absorption of the COC group of the ether, a band absorption located at 1456 cm
Lwhich corresponds to the aromatic HC group, an absorption band located at 653.184 cm
from the CH of the deformation, is a value of 1667.55%amhich characterizes the elongations

of the aromatic C=C bond. Table.2 brings togethe main characteristic bands of the graft

polymer.

Table.2 The main characteristic IR bands of the graft polymer.

Connection IR EXP (cm™) | FRQ(cmY)/ DFT | FRQ(cm Y)/HF | Intensity

C tet-H valence 20002877 2966 3117 2 middle
bands

aromatic C=C | 14051636 | 1476 16121777 3 OR 4
strong bandg

Aromatic CH | 74 767 716796 1097 2 strong
bands

CH deformation | 13521485 | 13381405 13361386 ﬁan dSStrong

CO valence 1295 10761141 1149 thin band

C=0 Ester 16361688 | 1735 2038 thin band
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Figure 1:Theoretical IR infrared spectrum of the graft polymer by the methoelSHF

13C NMR spectrum of the graft polymer

13CNMR spectrum (Figure 4 ) allowed us to have the main chemical shifts of the different
groups whiclcharacterize the graft polymer, we observe:

-A signal of 122 ppm which characterizes the displacement of carbon 17, 34 ppm signal,
indicates the chemical shift of carbon 21 , and the aromatic carbon af@Z8comes out
between 40 and 72 ppm.
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Figure 213 °*NMR spectrum calculated by DFT of the graft polymer
LOCAL DESCRIPTORS OF AcSa REACTIVITY CALCULATED USING MILLIKEN
AND HIRSHFELD POLUPLATIONS ANALYSIS
The calculated and indicated charges of Mulliken atoms for AcSa are shown in Table.3, and the

Local descriptors of AcSa reactivity calculated using Hirshfeld population analysis is presented
in the table.4
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Table .3 :Local descriptors of AcSa reactivity calculated using mulliken population analysis

Q Q NNk fr f Nk

1C |0.719 | 0.554 |1.2889 | 120 | 0.417 |-0.632|-1.4697
2C |-0.491 | -0.885 | -2.0596 | 130 | 0.462 |-0.460] -1.0692
3C [0.644 | 0.641 |1.4908 | 14H | -0.282 | 0.284 | 0.6601
4C 10.095 | -0.406 | -0.9445| 150 | 0.533 | -0.473|-1.1005
5C |0.007 |-0.037 | -0.0859]|16C | -0.493 | 0.496 | 1.0914
6C | 0.309 |-0.700 | -1.6283| 170 | 0.451 |-0.445|-1.0355
7H ]-0.160 | 0.067 |0.1548 | 18C | 0.250 |-0.248]|-0.5777
8H |-0.086|0.190 | 0.4409 | 19H | -0.135 | 0.135 | 0.3140
9H |-0.188 | 0.095 |0.2213 | 20H | -0.136 | 0.135 | 0.3150
10H | -0.161 | 0.197 | 0.4573 | 21H | -0.145 | 0.144 | 0.3360
11C|-0.610 | 0.376 | 0.8742

Table.4 ‘Local descriptors of AcSeeactivity calculated using Hirshfeld population analysis

Q

)

NNk

Q

o)

Nk

1C | 0.145972

0.043089

0.10022501

120

0.045858

0.145297

0.14462835

2C | 0.023883

0.088054

0.2048136

130

0.012739

0.062179

0.10070417

3C| 0.133288

0.034088

0.07928869

14H

0.023805

0.043395

0.01569352

4C | 0.125822

0.061804

0.1437561

150

0.045087

0.006747

0.02589303

5C | 0.022385

0.082361

0.19157169

16C

0.013063

0.011132

0.06393476

6C | 0.132194

0.061215

0.14238609

170

0.028841

0.027487

0.0230181]

7H | 0.054767

0.03581

0.0832940¢

18C

0.013277

0.009896

0.04154236

8H | 0.034894

0.04684

0.10894984

19H

0.019454

0.01786

0.04154236

9H | 0.046199

0.029716

0.06911941

20H

0.012249

0.01021

0.02374846

10C| 0.048508

0.032285

0.33882842

21H

0.011532

0.004949

0.01151137

11C| 0.006191

0.14567

0.33796082

The local reactivity indexQ , for the Mulliken and Hirshfeld population analysis provided the
greatest value at the O 12 site. The latter should be the most reactive site with respect to an
electrophilic attack, therefore the more nucleophilic.

CONCLUSION

The DFT calculations at the B3LYRBLG dp level is used effectively to describe the
reaction of the substitution of the chlorine group in the reaction of the grafting of acetylsalicylic
acid on epichlorohydrighain.

Analysisof HOMO/LUMO gaps, chemical potential a n dlobal glextrophilicity indexs
indicates the NED character, and the IED character for the substitution reaction are calculated.
Finally, it can be said that calculations of activation energies and reactivity indices derived from
the conceptual DFT of both addition and substitution reactions successfully predict the
experimental regioselectivity.
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ABSTRACT

The present study aims to evaluate the impadtaofsitioning from conventional soll
tilage to minimum tillage technology in a maize crop, cultivated over a-treae period
(2022202 4) in the village of Lanuril e, Const a
conducted under real farm conditions andolved three latenaturing maize hybrids: DKC
5810, P0900, and P0216. The crop was grown on partially irrigated land. Soil preparation
consisted of a single pass with a cultivator, followed by precision sowing, while all other
technological inputs (fertdation, crop protection, and irrigation management) were kept
constant across the hybrids and over the years.

The agromorphological and biometric determinations revealed superior performance for the
DKC 5810 hybrid, followed by P0900. Differences in productivity parameters, such as grain
weight per ear and thousakdrnel weight (TKW), were statistically validateding oneway
ANOVA tests, confirming significant distinctions between hybrids (p < 0.05). The DKC 5810
hybrid recorded the highest average kernel weight and TKW, while also achieving the greatest
yield per hectare. P0900 also demonstrated high adaptabili yield potential, particularly
under irrigation. In contrast, P0216, although showing vigorous vegetative development,
accumulated lower grain mass and yielded less compared to the other two.

Climatic analysis over the study period showed a consistent increase in mean annual
temperatures and a significant decrease in rainfall, especially during critical phenological stages
such as flowering and grain filling. These climatic trends emphasieediortance of water
management. The irrigation applied in four key growth stages successfully offset part of the
rainfall deficit and supported optimal crop development.

The results demonstrate that minimum tillage, when properly implemented under the specific
pedoclimatic conditions of Dobrogea and combined with efficient irrigation and hybrid
selection, can ensure competitive yields. This conservation practice redilaistsdance,
minimizes erosion and compaction, and preserves soil moisture critical factors argsemi
regions. Therefore, minimum tillage represents a viable and sustainable alternative to
conventional tillage in areas facing water scarcity and téimariability.

These findings highlight the importance of hybrid selection aligned with specific tillage
practices and climate adaptability. DKC 5810 is recommended forimpgh, irrigated
systems, while PO900 proves stable and productive in moderately intensiveoosnéitirther
research is encouraged across other regions to validate these results and guide sustainable maize
production strategies in Romania.

Keywords: minimum tillage, maize hybrids, sustainable agriculture, irrigation, climate
change
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INTRODUCTION

Cerealgepresent the crop group with the widest distribution and the greatest importance
for human nutrition, providing approximately 60% of total proteins, 15% of lipids, and around
70% of carbohydrates, contributingi®D% to the global caloric intake (Romanaét 2015;

Dobre, 2019). The success of cereal crops is explained by a combination of favorable factors:
high ecological plasticity, complete mechanization, easy storage, and multiple utilization
possibilitiesi human food, animal feed, industry, biofu\4essegue, 2000).

Maize (Zea mays L.) holds a central place among cereals, both in terms of cultivated
area and versatility of uses. In Romania, maize is extensively cultivated due to its nutritional
value and high production capacity, being used for human consumptioral degd, and
industrial purposes (Cristea et al., 2004; lon, 2010). In human nutrition, maize appears in
various forms: flour (polenta), flakes, sweet corn, or popcorn (Paukert, 2021). Industrially,
maize kernels are a raw material for obtaining stareltogle, oil, as well as products such as
bioethanol, spirits, and starttased cosmetics (Petcu and Martura, 2018). However, the largest
part of global production (over 60%) is destined for animal feed, being considered an essential
forage, especially fouminants (Sin, 2000).

Globally, maize is cultivated up to 59° northern latitude and 43° southern latitude,
demonstrating great adaptability. Romania benefits from favorable soil and climatic conditions,
being one of the European countries with significant maize cultivatios épegpescu, 1995;
Panaitescu and Ni "Ht, 2011) . Neverthel ess, a
the application of modern technologies that address current climatic challenges and agricultural
sustainability requirements (Petcu and Martura8201

In this context, in recent years there has been a growing interest in adopting conservation
tillage technologies, such as minimum tillage, which limit mechanical interventions on the soil,
thus reducing compaction, water loss, and erosion. Recent stE8@s 2023; ISTIS, 2024)
confirm the effectiveness of these practices in maintaining soil structure and increasing farm
sustainability. In Romania, although conventional technology remains predominant in many
regions, more and more farms are exploring caag®n methods, especially in drought
affected areas or where input costs must be reduced.

This study analyzes the technological transition from conventional soil tillage to
minimum tillage in a maize crop on a f-arm | o
year period, using three hybrids and maintaining the other technological &deroestant. The
purpose of the study is to evaluate the impact of this transition on yield, crop economics, and
the adaptability of the hybrids to the new soil working conditions.

In the context of climate change and increasing pressures on natural resources, adopting
conservation technologies such as minimum tillage represents a strategic direction for
sustainable agriculture, with reduced impact on soil structure and soil bmtjivétecent
studies highlight that these technologies can contribute to reducing fuel consumption,
conserving soil moisture, and maintaining fertility in semd areas such as Dobrogea (Popa
et al., 2023). Furthermore, the selection of maize hybrids dh potential and enhanced
adaptability to variable pedoclimatic conditions is essential in the current context. Recent
results emphasize the need for field testing of biological material in correlation with cultivation
technology in order to efficietl capi tali ze on productive pote

This study makes a significant contribution by evaluating the-teng effects, under
real farm conditions, of the transition from conventional to minimum tillage in maize cultivation
using three commercial hybrids. The results provide concrete dataeompact of this
technology on vyield, crop stability, and economic efficiency, key aspects for adapting
agriculture to climate challenges and promoting sustainable practices tarsgianieas such as
Dobrogea. Thus, the research complements the existemgtlire through an integrated
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approach to soil tillage technology and hybrid selection, contributing to the optimization of
agricultural management in the context of climate change.

MATERIAL AND METHOD

The aim of this study was the comparative evaluation of the performance of three late
maturing maize hybrids cultivated under minimum tillage system in a representative area of
Constan™a County, over a period orandlyhmgee co
theagrebi ol ogi cal and economic performances of
soil and climatic conditions, in the context of transitioning from conventional soil tillage
technologies.

The experiment was carried out on the fa
Constan™a County, in the center of the Medgi
50 km from the city of Const an "Haresofntrawilant ot al
(built-up area) and 18,071 hectares of extravilan{maiti-up area). According to climatic data,
the area belongs to the temperabatinental steppe climate type, characterized by an average
annual temperature of 11.12°C, with Januarypimums of 0.2°C and July maximums of
22.1°C. The average annual precipitation is around 428 mm. The dominant soils are fertile
chernozems, typical of steppe regions, favorable for agriculture.

The main agrotechnical characteristics of the experimental area: the preceding crop was
wheat, and maize crops were established on 60 ha, 57 ha, and 85 ha in the years 2022, 2023,
and 2024, respectively. Sowing was carried out after a shallow tillagetiopetsing a
combinator, uniformly applied in all three springs (characterized by cool and wet conditions,
with persistent rainfall in April 2022 and 2023), aimed at accelerating soil warming and
fragmenting remaining plant residues. This was the onlyistatvention prior to sowing,
specific to the minimum tillage system.

All care operations and phytosanitary treatments were identical across the three growing
seasons, to allow for an objective evaluation of the hybrids' response exclusively to soil
technology and annual pedoclimatic conditions.

Regarding biological material, three late@aturing maize hybrids registered in the Official
Catalogue of Plant Varieties of Romania for 2022 and 2023 were used: DKC 5810 (Bayer):
FAO 450 490 hybrid, RM 108, medium plant height, hggedling vigor, deep rooting system,
without tillering; P0216 (PioneérCorteva): FAO 450 hybrid, high yield potential, suitable for
early and optimal sowing, excellent performance under various growing conditions; P0O900
(Pioneeii Corteva): FAO 450 hybdi, latematuring, designed for intensive technologies (under
irrigation or abundant rainfall), with good drought tolerance.

The experiment was conducted in open field conditions, under real farm conditions.
Throughout the vegetation period, the main developmental phenophases of the hybrids were
monitored (emergence, tillering, flowering, physiological maturity), tracking: atiget
growth dynamics, adaptability to climatic conditions, uniformity of emergence and
development, behavior towards diseases and pests, and final yield per hectare.

Measurements were performed directly 1in
Enterprise farm, as well as in the laboratory, for detailed analyses regarding grain weight,
thousand kernel weight (TKW), and other relevant qualitative characteristics.

I
t
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RESULTS AND DISCUSSION

In the conducted experiment, the preceding crop was winter wheat, chosen in accordance
with the predominant crop structure of the farm and the crop rotation system applied at the farm
level. The distribution of crops and the average yields per hectapgemented in the tables
below, providing an overview of the implemented crop rotation system.

Table 1.Crop structure within L.I. lancu Enterprise during the years 22224

Crop plant
Year Wheat Maize Barley Sunflower Rapessed
2022 85 60 50 35 20
2023 83 57 40 40 30
2024 90 85 20 30 25

Table 2.Average crop yields within I.I. lancu Enterprise during the yearsiZiZzZ4

Crop plant
Year Wheat Maize Barley Sunflower Rapessed
2022 4830 6320 5070 2265 2145
2023 5000 6800 5150 2500 2500
2024 5500 7700 5050 2720 2300

Chemical fertilization within the study was carefully structured into three distinct stages,
each corresponding to key developmental phases of the maize crofirsTistage, basic
fertilization, took place in the autumn, prior to sowing. Here, 200 kg/ha of complex NPK
fertilizer (20:20:20) was applied pmmergence, aiming to provide the essential nutrients
needed to support vigorous early growth. As the croprpssgd, foliar fertilization was carried
out at the 4eaf stage, using Plonvit foliar fertilizer (produced by Intermag) at a rate of 2 L/ha,
diluted in 300 liters of solution per hectare. This application was intended to stimulate
physiological processeand enhance vegetative development. Later, at thieafOstage,
nitrogen fertilization was performed by administering 100 kg/ha of solid nitrogen, supporting
the formation of inflorescences and the accumulation of dry matter within the grains.

Due to the nature of the minimum tillage system, where soil disturbance is minimized
to conserve water resources and preserve soil structure, climatic conditions during the growing
season played a pivotal role in influencing maize performance.

Soil preparation consisted of a single combinator pass, carried out two days before
sowing: on April 24 in 2022, and April 25 in both 2023 and 2024. This light soil work enabled
sufficient fragmentation, leveling, and aeration to create an optimal se&ibesion sowing
was performed during the optimal window for the Dobrogea region: on April 25 in 2022, and
on April 27 for the following two years. Favorable rainfall levels in April supported good seed
germination and uniform seedling emergence acr@ssxperimental plots.

Climate analysis for Lanurile village over the agricultural period Q@24 (Table 3)
revealed a consistent rise in monthly average temperatures compared to multiannual norms.
The average annual temperature during the study period was recorded at 1&x¢8&ding
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the historical mean of 11.12°C by 2.6@&@n increase of approximately 24%. This upward
trend persisted throughout the entire agricultural cycle, affecting not only the colder months,
when soil water reserves are usually replenished, but also the cefiEghtion stages, thereby
intensifying plant metabolism and increasing their water demands.
Meanwhile, rainfall patterns showed a downward trend, with an annual average of 357.3
mm, marking a deficit of 70.8 mm relative to the multiannual average of 428.1 mm. This
reduction, representing 16.55%, was especially evident during May, July, and®ugusths

critical

for mai z e

devel opment ,

as

these per

during pollination and grain formation. The resulting imbalance between water availability and
plant demand likely posed a significant limiting factor kybrid performance, particularly
under conservation tillage systems where soil water reserves are crucial for crop success.

Table 3. Temperature and precipitation regime in Lanurile Locality during the agricultural years

2022 2024
Month Average monthly Precipitation mm
Nor mal 20222024 Nor mal t 20222024

Xl 6.9 8,8 37,5 35,1
Xl 2,1 3,6 32,2 28,5
I 0,2 4,8 31,6 40,6
1 11 29 32,8 22,1
1l 3,9 6,8 22,1 24,5
Y 10,1 10,1 33,1 51,2
Vv 15,8 16,6 48,7 10,8
VI 19,9 21,8 52,6 44,6
\il 22,1 25,8 34,7 21,1
\ll 22,7 26,1 31,1 20,8
IX 17,2 21,2 40,8 30,1
X 11,5 16,9 30,9 27,9
Average 11,12 13,78 428,1 357,3

To objectively assess the statistical significance of the climatic differences between the
normal multiannual values and those recorded during the study period, a descriptive statistical
analysis was conducted, supplemented by a simplifiedmaryeANOVA test.The statistical
results indicatedpalues greater than 0.05 for both temperature (p = 0.45) and precipitation (p
= 0.16), suggesting that, within this limited sample, the observed differences were not
statistically significant. Nevertheless, the ideetificlimatic trendd progressive warming and
reduced precipitatiah have clear agronomic relevance and can decisively influence crop
performance, especially under minimum tillage systems.

Thus, it can be concluded that, although the statistical analysis did not confirm rigorous
mathematical significance, the recorded climatic values (Figure 1) support field observations
and may contribute to a better understanding of the yield variabiliiyeoanalyzed hybrids
under this technological system.
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Comparison of monthly average temperatures

Comparison of monthly precipitation

=&~ Normal temperature

—&~ Narmal precpitaton

25 - Temperatuwre 2022-2024 Precipation 2022-2024

Temperature {"C
l—/
Precipitation (mm)

NV WM v oW x X % X 14 W N
Month

Figure 1. Comparative graphs of monthly average temperatures, monthly average precipitation,
and multiannual normals

In the experiment, maize sowing was carried out at a depth of 6 cm using precision
planters, maintaining a row spacing of 70 cm. The sowing density was set at 78,000 harvestable
plants per hectare, adapted to the potential of the hybrids used and thbkilgtyaiff irrigation
over 60 hectares out of the total 85 hectares cultivated with the three hybrids. The seeding rate
was 27 kg/ha.

Weed control was performed both mechanically and chemically, following an integrated
plant protection program. Three days after sowing, aeprergent herbicide treatment was
applied using Callisto 480 SC (Syngenta) at a rate of 330 ml/ha to controldaioadkeds and
grasses. At the same time, the insecticide Decis Expert (Bayer) was applied at a rate of 125
ml/ha, targeting key pests during early vegetative stages, sihlastica virgifera virgifera
(Western corn rootworm) and#ielicoverpa armigera(corn earworm). The solution was
prepared at a volume of 250 L/ha.

Upon entry into the active vegetative growth phase, a-grostrgent treatment with
Equip (Bayer) herbicide was applied at a rate of 1.5 L/ha to combat invasive species such as
Setaria viridis (green foxtail) andSorghum halepens@lohnsongrass). This treatment was
combined with the foliar fertilizer Plonvit (2 L/ha in 300 L solution/ha) and a preventive
fungicide, as part of an integrated technological package.

Regarding disease control, two fungicide treatments were applied using Propulse
(Bayer) at a rate of 1 L/ha. The first treatment was carried out at8led stage, concurrently
with foliar fertilization and the second herbicide application. The setteatinent was applied
during the stem elongation phase to prevent infections caugdedlimnthosporium turcicum
the pathogen responsible for northern corn leaf blight.

Mechanical weed control was performed through #ner cultivation at a depth of 8
cm, a stage that coincided with the application of solid nitrogen fertilization, completing the
nutritional plan (Tables 4 and 5).
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Table 4. Overview of treatments applied throughout the study period

No. Stage Product Intervention Purpose
1. Preemergencé 3 Calisto480SC+Decis Weed and pest control
days after sowing Expert
2. Postemergencei4 | Equip+Plonvit+fungicidg Control of Johnsongrass, green foxti
leaves nutrition, and disease prevention
3. Postemergencei®@ | Propulse 1L/ha+Plonvif Preventive fungicidéreatment and
leaves foliar nutrition
4. Stem elongation Propulse 1L/ha Control of northern corn leaf blight
5. Mechanical Inter-row cultivation at 8 Mechanical weed control
cultivation cm depth
6. Nitrogen fertilization 100kg azot/ha In-vegetation fertilization
7. Irigation 1 700m?3/ha Irrigation’i stable emergence
8. Irigation 2 700m?3/ha Irrigationi 10i 12 leaf stage
9. Irigation 3 700m3/ha Irrigationi tasseling
10. Irigation 4 700m?3/ha Irrigation maturation
Table 5.Technological schedule of maize during the study years
Technological calendar - maize crop under minimum tillage system
interventions
Irrigation 4 + : Soev-v;rr‘r?er ence
- = :;riy pos?—emergence
iigation 3 —f iy
BN Maturation
o - Irrigation 1
Irrigation 2 A e
- — :nigation§
% Irrigation 1 4 o lugationd
E Maturation A -
-g Stem elongation - -
é Advanced post-emergence - -

Early post-emergence -

Pre-emergence +

)

F

Apr

T

May Jun

JL'I| ALljg

Calendar month

Due to the deficient rainfall regime during the agricultural years under study, four
sprinkler irrigations were performed using a Hipodtgpe linear pivot system. The first
irrigation was conducted starting on May 20, applying 700 m3/ha, followed byamde
irrigation in June when the plants were at thél®leaf stage, with the same irrigation rate.
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The third irrigation took place at tasseling, during the first ten days of July, and the fourth was
performed in August, all maintaining a constant application rate of 700 m3/ha.

The controlled application of irrigation, correlated with minimum tillage practices,
aimed to maintain a favorable soil moisture regime, especially during critical periods for maize
development, thus supporting the physiological processes and produdierdigboof the
analyzed hybrids.

The maize crop was harvested mechanically using a Claas Tucano 320 agricultural
combine once the plants had reached full physiological maturity. This stage was determined by
the stabilization of grain moisture around 18%, a threshold uniformly attainéy all three
hybrids analyzed. Harvesting operations began after October 19, with the latest harvest recorded
on October 27, 2024. The entire process involved grain harvesting, after which the grains were
transported to the farm headquarters for storageanditioning. In preparation for marketing,
grain moisture was reduced to below 15%, considered optimal for safe storage and trading. The
production was sold during the autumn season of the respective agricultural years under study.

Within the study, several agromorphological field measurements were also carried out
to highlight the development characteristics of each hybrid under the specific soil and climatic
conditions and technological system applied. One such determinationadvabunting the
number of plants and double ears over arEer row length on two adjacent rows. Based on
the averages recorded over the three years, it was observed that the hybrid DKC 5810 had 40
plants on the first row, 11 of which developed doubles,eand 38 plants on the second row,
with 9 showing this trait. For the hybrid P0216, 39 plants were recorded on the first row, with
9 doubleeared, and 38 plants on the second row, 6 of which exhibited the same characteristic.
Hybrid P0900 stood out withtagher plant density, having 40 plants on the first row and 41 on
the second row, with 10 doubdared plants in each case. This feature suggests a strong
generative branching capacity, indicating a superior production potential, especially under
favorabk nutrition and moisture conditions.

Further measurements involved counting the total number of ears present on the same
10-meter row sections to obtain a clearer picture of the fruiting capacity. Hybrid DKC 5810
recorded an average of 98 ears, P0216 had 92 ears, and P0900 achieved Th&éseadata
correlate with the observed presence of double ears and confirm the superior yield potential of
P0900 compared to the other two hybrids.

Another parameter evaluated was the average plant height, considered an indicator of
vegetative vigor and uniform development. DKC 5810 registered an average height of 2.39 m,
ranging between 2.27 m and 2.51 m. P0216 showed an average of 2.31 m, withnrmarich
maximum values of 2.24 m and 2.42 m, respectively. P0900, although the most productive, had
a slightly lower average height of 2.28 m, with a range between 2.17 m and 2.37 m. These
relatively small variations indicate good uniformity of the expentakplots and specific
adaptability of each hybrid to the minimum tillage system.

An additional field measurement was the determination of the ear insertion height. The
results were as follows: DKC 5810 had an average ear height of 95.23 cm, ranging from 80.93
cm to 108.4 cm; P0216 recorded an average of 94.31 cm, between 82.10 c@8.8ncng;

P0900 had an average of 93.33 cm, ranging from 80.6 cm to 105.6 cm.

The field measurements provide a detailed and rigorous overview of the phenotypic
behavior of the three maize hybrids in the context of minimum tillage technology and a deficit
rainfall regime supplemented by rationalized irrigation. Morphological chaistate and the
total number of ears reveal differentiated but consistently high productive capacity, offering
valuable insights for selecting the optimal hybrid under such technological systems.

To further evaluate hybrid performance under minimum tillage conditions, additional
biometric determinations were performed at the farm's headquarters before harvest. These
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included analyses of plant and ear weights at different preparation stages and detailed laboratory
analyses of morphoproductive ear components.

For each hybrid, over the three study years, 10 mature plants with ears were harvested
from two adjacent rows within the experimental plots. The first measurement focused on the
total weight of plants at full physiological maturity. The average resulte:vizlkC 5810:
average plant weight of 770.27 g, ranging from 682.6 g to 830.2 g; P0900: average plant weight
of 764.55 g, ranging between 667.1 g and 813.1 g; P0216: average plant weight of 731.59 g,
with a range of 651.3 g to 811.1 g.

The second measurement targeted the weight of ears with husks, conducted two days
before final harvest. After weighing the whole plants, the ears were separated and weighed
individually. The average ear weights with husks were: DKC 5810: 289.3 g (rangimd71.2
g to 358.8 g), with a residual plant biomass (excluding ears) averaging 480.92 g; P0900: 296.73
g (between 216.3 g and 331.1 g), with a residual biomass of 467.82 g; P0216: 230.64 g (ranging
from 198.9 g to 308.2 g), with an average dry biom&$©0.95 g.

Detailed laboratory analyses continued with the measurement of ear weights without
husks. After manually removing the husks, the ears were reweighed. The average values were:
DKC 5810: 264.39 g (ranging from 150.8 g to 337.8 g), with an average huskfr2ds3log;

P0900: 261.07 g (ranging from 194.7 g to 302.0 g), with an average husk mass of 35.66 g;
P0216: 205.44 g (ranging from 168.9 g to 279.4 g), with an average husk mass of 25.2 g.

These results highlight clear differences in biomass structure and dry matter
accumulation capacity among the three hybrids. Although hiA@24 6 exhibited a comparable
total plant mass, the ear weights, both with and without husks, were visibly lower, suggesting
a higher proportion of vegetative mass relative to productive structures. Conversely, hybrids
DKC 5810 and P0900 demonstrated a nfak®rable ratio between total plant mass and ear
mass, indicating superior efficiency in resource allocation toward generative structures.

Table 6. Measurement of hufilee ear weight at physiological maturity

Plant no. Hybrid DKC 5810 (g.) | Hybrid P0900 (g.) | Hybrid P0216 (g.)
1. 2234 215,2 184,1
2. 337,8 2814 216
3. 318,8 296,9 279,4
4. 298,7 267,2 219,8
5. 279,2 280 224
6. 228,5 236,1 186,4
7. 150,8 269,2 188,6
8. 268,4 194,7 201,4
9. 258,3 302 168,9
10. 280 268 185,8
Minimum 150,8 1947 168,9
Maximum 337,8 302 279,4
Average 264,39 261,07 205,44
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To provide a detailed characterization of the morptaductive elements of the
analyzed hybrids, following the previous determinations, measurements of ear length without
husks wereonducted, followed by the determination of cob weight. This analysis was carried
out on the same ears used for the weight measurements, after complete removal of the kernels.
The average results, calculated over the three years of study, highlighteddwng: the
hybrid DKC 5810 presented an average ear length of 21 cm and an average cob weight of 22.39
g, with values ranging between 19.42 g and 27.5 g. For hybrid P0900, the average ear length
was 20 cm, and the cob weight was higher, with an avefa2® 59 g, ranging from 17.1 g to
35.8 g. Hybrid P0216 also recorded an average ear length of 20 cm, with an average cob weight
of 23.03 g, ranging between 17.15 g and 31.61 g.

To evaluate the real productive potential of the ears, an additional determination was
made by individually counting the kernels, one by one, on a batch of ten samples for each
hybrid, across the three study years. The analysis revealed that: DKC 58&i1f) dnzetage of
546 kernels per ear, ranging from 412 to 612. PO900 recorded an average of 554 kernels per
ear, with values between 502 and 618. P0216 showed a lower average of 490 kernels per ear,
ranging between 408 and 596.

These differences indicate a higher kernel density and spikelet fertility in hybrid PO900,
supporting its previously observed productive performances.

The final determinations targeted the total kernel weight per ear, thousand kernel weight
(TKW), and final yield per hectare (Table 7), obtained by weighing ten distinct samples for
each hybrid. The average results over the three years of study werews:ffir DKC 5810,
the average kernel weight per ear was 241.37 g, with values ranging between 128.7 g and 316
g. The thousand kernel weight (TKW) recorded an average of 442.07 g, and the average yield
per hectare was 11,430 kg. PO900 showed an averags leeight of 235.64 g (ranging from
171.5 g to 280.1 g), a TKW of 425.35 g, and an average yield of 10,780 kg/ha. In the case of
P0216, the average kernel weight was 180.33 g, with values between 148.1 g and 233.6 g, a
TKW of 408.02 g, and an averagelgief 10,300 kg/ha.

Table 7. Measurement of grain weight per ear in the three maize hybrids under study

Plant no. Hybrid DKC 5810 (g.) | Hybrid PO900 (g.) | Hybrid P0216 (g.)
1. 203,98 198,1 163,1
2. 316 258,3 189,3
3. 298,05 270,83 233,6
4. 274,6 232,28 198,78
5. 251,43 258,6 199,56
6. 206,4 211,25 162,3
7. 128,7 243,3 161,92
8. 248,08 171,5 184,25
0. 230,8 280,1 148,1
10. 255,7 232,2 162,4
Minimum 128,7 171,5 148,1
Maximum 316 280,1 233,6
Average 241,37 235,64 180,33
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The obtained data highlight that the hybrid DKC 5810 exhibited the best overall
productive performance, benefiting from a favorable combination between kernel number,
thousand kernel weight (TKW), and the kerteekob ratio. Hybrid PO900 also proved to be
highly competitive, demonstrating a high productivity level and stable agronomic behavior. In
contrast, hybrid P0216, although characterized by a high vegetative biomass weight,
accumulated a lower kernel mass, resulting in a lower yield compared théndveo hybrids.

To support the validity of the observed differences among the analyzed hybrids
regarding kernel weight per ear, a emay ANOVA (Analysis of Variance) was performed.

The test aimed to evaluate the significance of differences between means, based dn a set o
simulated data corresponding to the experimental mean, minimum, and maximum values
recorded for each hybrid.

The result of the analysis indicated a probability value (p) of 0.0226 (p < 0.05), meaning
that the differences observed in kernel weights among the three hybrids are statistically
significant, with a 95% confidence level. This finding experimentally aédisl the field and
laboratory observations, where DKC 5810 consistently showed the best performance in terms
of individual kernel weight, followed by P0900, while P0216 recorded lower values.

In addition to the analysis of individual kernel weights, a statistical evaluation of the
thousand kernel weight (TKW) was also conducted, an important indicator for estimating the
biological yield potential of hybrids. Based on the mean values recordednbthe field and
in the laboratory, data series were simulated for each hybrid. The ANOVA analysis applied to
these series produced a highly conclusive result, with a probability value (p) of 0.0000087,
significantly lower than the 0.05 threshold.

This value confirms that the differences between the TKW values of the three hybrids
are not random but reflect distinct genetic and physiological characteristics. Hybrid DKC 5810
stood out with the highest TKW, followed by P0900, while P0216 recordddvilest valué
an aspect directly correlated with the total yield obtained per hectare.

Therefore, the statistical analysis supports the empirical validity of the observed
morphoeproductive differences and confirms that the thousand kernel weight is a relevant and
differentiating indicator of genetic potential, particularly under minimuragél technology
conditions.

These comprehensive determinations contribute to shaping a detailed productive profile
of the three hybrids, revealing clear differences in their efficiency in converting resources into
economically important biomass. Furthermore, they emphasize the ampef selecting the
appropriate hybrid based on the applied technology, climatic conditions, and farm objectives.
The biometric and laboratory determinations reinforce field observations and substantiate the
physiological and productive distinctions argahe three hybrids under the minimum tillage
system, providing a solid basis for interpreting hybrid behavior under real farm conditions.

CONCLUSIONS

Foll owing the study conducted at the | anc
Lanuril e, Constan™Ha County, it was demonstr
technology in maize cultivation, combined with a controlled irrigation systehthenselection
of appropriate hybrids, can deliver competitive productive results even under challenging
climatic conditions.

The threeyear field experiment showed that reduced soil tillage, performed through a
single combinator pass, allowed the formation of a suitable seedbed and supported uniform
emergence, despite the cool springs and frequent rains recorded in Aprilimicalegime
analyzed during the study period revealed a consistent increase in average monthly
temperatures, both during the growing season and in the cold months, accompanied by a clear
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downward trend in precipitation. This climatic dynamic impacted crop behavior, particularly in
the absence of additional water sources. Nevertheless, the application of sprinkler irrigation
during four key maize developmental stages partially compensatelef water deficit and
allowed the biological potential of the tested hybrids to be properly expressed.

The analyses performed in the field, on the farm, and in the phytotechnical laboratory
provided a detailed picture of each hybrid's phenotypic behavior. Hybrid DKC 5810 stood out
for its overall best performance, recording the highedties in most of the analyzed
parameters: average kernel weight per ear, number of kernels, thousand kernel weight (TKW),
and ultimately, yield per hectare. Hybrid PO900 also demonstrated excellent adaptability under
intensive technology and irrigationraitions, showing consistent results. In contrast, P0216,
despite its good vegetative development, recorded lower kernel mass, resulting in a lower yield
compared to the other two hybrids.

The validity of the observed productive differences was further supported by the
statistical analysis of experimental data. The ANOVA tests applied to kernel weight and TKW
data highlighted statistically significant differences between the three hybrttsp-walues
below the 0.05 threshold. These results confirm that the recorded yield differences are not
random but rather reflect the genuine biological and adaptive potential of each genetic creation.

Based on these results, the continued application of the minimum tillage system is
confidently recommended in areas with a climatic regime similar to that of Dobrogea,
particularly in farms equipped with irrigation facilities. Hybrid selection should bdema
according to available resources and the technological objectives of each farming enterprise.
Thus, DKC 5810 is recommended for farms with high inputs and irrigation, while PO900 can
represent a viable and stable solution for modemnget technologies Careful climate
monitoring, adaptive fertilization, and the application of phytosanitary treatments according to
phenophases and pathogen pressure remain key factors in maximizing productive efficiency.

Furthermore, it is recommended to extend this type of study over a longer period and
across other agricultural regions of the country, to validate the obtained conclusions and to
develop precise regional recommendations within the framework of sustamagaicigdture.

This study provides a valuable contribution to understanding thetéosngimpact of
minimum tillage technology on maize cultivation under real farm conditions in ass&ha@rea
facing increasing climatic challenges. By integrating the analysis of lsylérid bi ol ogi ¢
performance with adaptive crop management, the research offers a comprehensive and practical
approach for optimizing sustainable agricultural production. The results highlight the
importance of adopting conservation technologies in agrigyltwhich can contribute to
natural resource preservation, cost reduction, and increased crop resilience to climatic
variability.

REFERENCES

Asturias, M.A. (2002)The People of CorByblos Publishing House, Madrid, 384 pp.

Cristea, M. , C&Lt b uMazai,A MbnograplicéStudyRomanian Acadein® 0 4 ) .
Publishing House, Bucharest, 652 pp.

Dobre, M. (2019)AgrotechnicsUniversitariaPublishing House, Bucharest, 260 pp.

FAOT Food and Agriculture Organization of the United Nations. (2028hservation
Agriculture and Sustainable Intensificatiovailable atwww.faostat.org

lon, V. (2010).Crop ScienceUniversity of Agronomic Sciences and Veterinary Medicine
Publishing House, Bucharest.

lonescu, N. (2007)Veed Control and Environmental Protection in Cereal Crop#.S.T.
Publishing House, Bucharest, 221 pp.

56


http://www.faostat.org/

VI1. International Agricultural, Biological & Life Science Conference,Istanbul, Turkiye, 7-10 September 2@

l oni "HL, C. |, Drtghici, R., Toma, F. (2022). E
different soil tillage technologieggricultural Research JournaNo. 4(66), USAMV
Bucharest.

ISTIST State Institute for Variety Testing and Registration. (2084)dies on the Behavior
of Maize Hybrids under Different Cultivation Technologi&sgailable atwww.istis.ro

Messegue, M. (2000 ereals Venus Publishing House, Marseille.

Panaitescu, L. (2008Lrop Science: Oil and Fiber Plants Uni ver si tart Publ i s
Bucharest.

Panaitescu, LCrap SdencddiCerealS and GrairOLeduryiesrobit
Publishing House, Ti mi Hoar a.

Paukert, H. (2021 Polenta and Cereal Porridged.A.S.T. Publishing House, Bucharest,
120 pp.

Petcu, E., Martura, T. (2018 hysiology and Breeding of Maize in the Context of Climate
Change Total Publishing, Bucharest, 200 pp.

57


http://www.istis.ro/

VI1. International Agricultural, Biological & Life Science Conference,Istanbul, Turkiye, 7-10 September 2@

INNOVATIVE AGRICULTURE THROUGH RECYCLING: SUSTAINABLE
BIOLOGICAL PRODUCTION SYSTEMS FROM DISCARDED MATERIALS

Karya G! NAY, Ela G! NG¥R, Aynur DOJRU, ¢ajat

1 Ministry of National Edwucation, Bodrum Sc
Muj l a, Turkey
Correspond-magl auyborsaguru3@gmail . co

ABSTRACT

The increasing urgency of climate resilience, resource efficiency, and ecological
responsibility in agricultural systems has intensified the search for sustainablEydgvand
adaptable technologies. This study presents a novel approach to biologdattpm by
transforming discarded mini glagsor refrigerators into automated, sensased silkworm
incubation units. Designed at the intersection of agricultural innovation, environmental
sustainability, and STEANbased education, the project offersimegrated model that serves
both pedagogical and technological functions. The study was implemented at Bodrum Science
and Art Center, involving 12 gifted middle and high school students. The system utilized an
Arduino UNO microcontroller combined with DF.1 temperaturdiumidity sensors, a real
time clock (RTC), mist generators, LED lighting, and ventilation components. The automated
control system was coded and calibrated to maintain optimal environmental conditions across
the 60day life cycle of Bombyxmori. Each unit was assembled inside a repurposed mini
refrigerator, thereby significantly reducing production costs and promotivaste recycling.
Through this project, students engaged in hammdarning through sensor integration, circuit
building, algorithmic thinking, and biological observation. Prand postassessments,
observational rubrics, and learning journals were employed to evaluate their cognitive and
technical progress. Quantitative findings r
abilities related to electronics, coding, and biological process management. The system
maintained environmental stability within £1.5 °C for temperature and 4% RH for humidity,
effectively supporting all developmental stages of the silkworm. Qualitatitee iddicated
enhanced student motivation, confidence, and collaborative predalmg capacity. The
prototype proved to be not only a viable incubation device for educational purposes but also a
scalable, lowenergy agricultural solution suitable foreuis rural or resourekmited settings.

Its opensource design allows for modular replication and adaptation to other biological
applications such as seed germination, mushroom cultivation, or microgreen farming. This
project demonstrates the power of dmning circular economy principles with educational
technology and ecological production. It contributes to the global discourse on sustainable
agricultural innovation and provides a model for integrating engineering thinking into life
science education.sfsuch, it stands as a replicable example of how discarded technologies can
be reimagined into tools for both learning and living systems management.

Keywords: Sustainable agriculture, recycling, silkworm, incubation system, Arduino,
STEAM education, biological production.
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INTRODUCTION

The accelerating climate crisis, biodiversity decline, and global push for sustainable
development have elevated the urgency of finding innovagigelogically responsible, and
socially equitable solutions in agricultural systems. Agriculture, as one of the largest
contributors to environmental degradation, faces unprecedented pressure to transition towards
resilience, resource efficiency, and leabon production models (Georgescu, 2025). This
transition requires not only technological innovation but also educational reform, as the next
generation of learners must be equipped with the skills, values, and competencies needed to
navigate a rapidly chmaying world. Within this dual imperative, integrating sustainability
driven practices into both agricultural innovation and educational frameworks becomes a
powerful approach, particularly when linked to the principles of the circular economy (Nguyen
et al, 2023; Laius, 2024).

The circular economy (CE) framework emphasizes reducing waste, reusing resources,
and creating closelbop systems in production and consumptioiwdste, one of the fastest
growing waste streams, highlights the magnitudghisfchallenge. Global@aste generation
exceeded 50 million metric tons in 2023 and is projected to reach 74 million tons by 2030
(Gupta, 2020). Beyond its hazardous impactaiaste embodies untapped opportunities for
creative reuse, especially in edtional contexts where discarded materials can be repurposed
into learning tools. Studies increasingly show that upcycling and reuswagte in educational
projects fosters not only environmental literacy but also technical and prsblemg skills
amag students (Nikoloudakis, 2025; Souza et al., 2025). For example, Anand (2023)
demonstrated that embeddingvaste reuse in design education cultivates creativity, while
Vyas et al. (2023) showed that working with discarded electronics enhances compltatio
thinking and systemkevel awareness. In similar research, Khajuria (2025) revealed-that e
waste projects embedded in science classrooms boost both sustainability awareness and
collaborative learning. Thus,-waste repurposing in educational contexgsiricreasingly
framed as a pedagogical strategy aligned with the United Nations Sustainable Development
Goals (SDGS).

Agriculture is a particularly fertile ground for integrating circular economy principles,
as resource demands and waste outprtsain central to global sustainability debates. The
Food and Agriculture Organization (FAO) has warned that agricultural systems must cut
greenhouse gas emissions by at least 20% by 2035 while simultaneously addressing global food
security (Yue et al., ®23). Sericulture, the rearing of the domesticated silkworm (Bombyx
mori), is an illustrative case within this debate, as it combines cultural, ecological, and economic
significance. Long practiced in Asia, Africa, and Southern Europe, sericulture reamatas
rural livelihood activity. Yet, it is highly vulnerable to environmental fluctuations, particularly
temperature and humidity changes that directly affect silkworm growth and cocoon production
(Manjunatha & Neelagar, 2018). Conventional sericultomethods often require precise
environmental control that is both enefigyensive and costly, making it less accessible in
resourcdimited settings. This vulnerability underscores the importance of developing
affordable, adaptive incubation systems capabf maintaining stability under varying
conditions.

Digital and opersource technologies are increasingly being leveraged to address such
challenges. Arduintvased microcontrollers, lowost sensors, and lednabled monitoring
systems are now on&al to agricultural innovation (Prabowo & Irwanto, 2023; Nannim et al.,
2025). DuqueTorres et