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INCREASING AWARENESS OF CLIMATE CHANGE AND HISTORICAL
ENVIRONMENT AMONG SECONDARY SCHOOL STUDENTS

ILKOGRETIM iKiNCi BASAMAK OGRENCILERINDE iKLiM DEGIiSiKLiGi VE
TARIHi CEVRE FARKINDALIGININ ARTIRILMASI

Prof. Dr. Eti AKYUZ LEVi

Dokuz Eylul University, Faculty of Architecture, Department of Architecture, izmir,
TURKIYE

ORCID ID: 0000-0003-3113-686X

ABSTRACT

Introduction and Purpose: It is known that climate change is the most important universal
problem of our time and its effects are increasing rapidly day by day. Although climate change
has always been seen throughout history, it emerged much more dramatically after the
Industrial Revolution. This situation shows that the human factor plays a very important role
in this. The situation in question, which causes unusual climate events, affects the whole world
and causes loss of life and property. Therefore, it is necessary for states, institutions as well as
individuals to make efforts to address the issue. In this way, it may be possible to reduce the
greenhouse gases released into the atmosphere and prevent the temperature increase in the
world. The aim of the study is to measure the effects of the training carried out to increase the
awareness of climate change and historical environment among 7th grade students in the
second stage of the 4+4+4 education system in Turkey and to determine the method for
implementation.

Materials and Methods: In this context, a workshop was conducted with a limited group of
students by using the printed book and enriched digital content, which are the outputs of the
scientific research project titled “Developing Curriculum and Enriched Digital Content for
Raising Climate Change Awareness in Secondary School Students (11-14 age group)”.

Result: The evaluations of the pre-test and post-test conducted in this context provided an idea
about the effect of the training and showed that the students' consciousness and awareness
regarding the subject improved significantly. The widespread implementation of the study is
of great importance for the adults of tomorrow to be prepared for the issue through mitigation
and adaptation, as well as for the conservation of Turkey's rich cultural heritage and the
elimination of the negativity of climate change impacts.

Keywords: Climate Change; Historical Environment; Student; Awareness; Education

OZET

Giris ve Amac: Iklim degisikliginin giiniimiiziin en dnemli evrensel sorunu oldugu ve
etkilerinin her gegen giin hizla arttig1 bilinmektedir. Iklim degisikligi tarihsel siirecte her zaman
goriilmiis ise de, Endiistri Devrimi sonrasi ¢ok daha carpici bir sekilde ortaya ¢ikmistir. Bu
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durum da, bunda insan faktoriiniin ¢ok 6nemli rolii oldugunu gostermektedir. Olagandis iklim
olaylarina neden olan s6z konusu durum tiim diinyay:1 etkilemekte, can ve mal kayiplari
olusturmaktadir. Dolayist ile, konuya yonelik olarak devletler, kurumlar yani sira bireylerin de
caba sarf etmesi gerekmektedir. BOylece atmosfere salinan sera gazlarinin azaltilmasi ve
diinyadaki sicaklik artiginin engellenmesi olanakli olabilir. Calismanin amaci, Tirkiye’de
4+4+4 seklinde yiiriitiilen egitimin ikinci basamaginda 7. sinif 6grencilerinde iklim degisikligi
ve tarihi ¢evre farkindaliginin artirilmasina yonelik gergeklestirilen egitimin etkilerinin
Olciilerek uygulamaya iliskin yontem belirlenmesidir.

Materyal ve Yontem: Bu baglamda yiiriitillen “/lkégretim Ogrencilerinde Iklim Degisikligi
Farkindalig1 Saglamaya Yénelik Ogretim Programi ve Zenginlestirilmis Dijital Icerik
Gelistirme (11-14 yas grubu)” bashikli giidiimlii bilimsel arastirma projesinin ¢iktilart olan
basili kitap ve zenginlestirilmis dijital igerikten yararlanilarak sinirli bir 6grenci grubu ile
calistay yapilmustir.

Sonug¢: Bu kapsamda uygulanan 6n test ve son test degerlendirmesi egitimin etkisi konusunda
fikir vermis ve 6grencilerde konuya yonelik biling ve farkindaligin belirgin sekilde gelistigini
gostermistir. Calismanin yayginlastirilarak uygulanmasi, yariin biiyiiklerinin azaltim ve uyum
ile konuya hazirlikli olmasi yani sira Tirkiye'nin zengin kiiltiirel mirasinin yasatilarak
korunmasi ve iklim degisikligi etkilerinin olumsuzluklarinin giderilmesi agisindan biiyiik 6nem
tagimaktadir.

Anahtar kelimeler: Iklim Degisikligi, Tarihi Cevre, Ogrenci; Farkindalik; Egitim

INTRODUCTION

Climate change is today's most important universal problem affecting all geographies, all
disciplines, humanity and life. Although climate change has been observed in the historical
process, the fact that it has been observed more intensely after the Industrial Revolution reflects
the role of the human factor in this negative situation. Climate change caused by the increase
in greenhouse gases released into the atmosphere creates unusual climate events. Extreme heat
and extreme cold, strong winds, floods and droughts, unstoppable forest fires, rise in sea level
are some examples. This situation affects the historical assets of countries as well as life. The
melting of glaciers and the rise in sea level create the risk of coastal settlements being flooded.
In this case, in addition to affecting the historical structures here, the emergence of climate
migration results in the destruction of the intangible cultural heritage such as traditions and
customs as well as the tangible cultural heritage of the settlements. Therefore, it is an inevitable
necessity for states and institutions as well as individuals to make efforts with mitigation and
adaptation against the negative effects of climate change. In this way, it may be possible to
reduce the greenhouse gases released into the atmosphere and prevent the temperature increase
in the world. In recent years, in the context of the striking effects, the 240-day-long forest fires
in Australia (2020), the 10-day-long forest fires in Antalya, the floods in the Black Sea (2021),
the sea flooding in Izmir (2023), Tiirkiye, the floods in Dubai, and the recent fires in Los
Angeles, USA can be given as examples (Figure 1-2).
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Figure 1 — Wildfire of South California
(Euronews, 2025- Noah Berger)

Figure 2 — Floods in Dubai (Euronews, 2025- Photo: Jon Gambrell)

The aim of the study is to increase awareness of climate change and historical environment in
students in the second stage of education carried out in 4+4+4 format in Turkey. In this context,
it is aimed to determine the method for implementation by measuring the effects of the realized
trainings.

CONCEPTUAL FRAMEWORK
Climate Change

Climate change is defined in the United Nations Framework Convention on Climate Change
(UNFCCQC) as follows:

“Climate change” means a change of climate which is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in addition
to natural climate variability observed over comparable time periods (United Nations
Framework Convention on Climate Change, 1994, p.3).

Climate change is the most important universal problem of our day with its increasing,
observed and experienced effects. As stated in the introduction, it causes extraordinary climate
events, resulting in loss of life and property. This unfavorable situation poses a greater threat
to the future and necessitates urgent measures.

Although climate change has been observed at various times in the historical process, its
intensification after the Industrial Revolution is important in terms of revealing the role of the
human factor in the formation of this negative situation. Many international meetings have
been organized to discuss this problem, mitigate its impacts and for adaptation. One of the
efforts in this regard is the establishment of the Intergovernmental Panel on Climate Change.
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“The Intergovernmental Panel on Climate Change (IPCC) is the United Nations body for
assessing the science related to climate change.... The IPCC was created to provide
policymakers with regular scientific assessments on climate change, its implications and
potential future risks, as well as to put forward adaptation and mitigation options” (ipcc,
2025).

The “Education, Training and Public Awareness” section of the United Nations Framework
Convention on Climate Change also emphasizes the development of public awareness and
education on climate change and its impacts, public access to information, and the creation of
educational materials on this issue. Some of these articles are as follows:

“- the development and implementation of educational and public awareness programmes on
climate change and its effects,

- the development and exchange of educational and public awareness material on climate
change and its effects” (United Nations Framework Convention on Climate Change, 1994,

p.10).

Historical Environment

The historical environment is the aboveground, underground or underwater traces of the
structures and remains of past civilizations, which form a bridge between the past and the future
and are an important part of the identity of the place, region and increasingly the country.
Historical buildings are important documents reflecting information about their period.
Examining them allows us to learn about many subjects such as the architecture, construction
tradition, materials and life of the period. The fact that every corner of Turkey contains rich
historical, archaeological and architectural heritage makes it necessary to preserve and transfer
them to the future. This tangible architectural heritage is sometimes integrated with intangible
cultural heritage (Akyliz Levi, 2024).

Turkey has 21 assets on the UNESCO World Heritage List. These assets reflect diversity in
terms of period, scale and quality (Turkey Culture Portal, 2025). In Turkey, where every corner
is full of unique historical values, it is the common responsibility of every individual as well
as the state and relevant institutions to ensure the sustainability of these artifacts. In order for
this to happen, first of all, it is necessary to recognize these assets, to know the importance and
necessity of their protection, and to raise awareness on the subject. The scientific research
project developed aims to do this and to ensure that these assets are not affected by the adverse
effects of climate change. In this context, the elders of tomorrow who will undertake this task
have been identified as the target group (Figure 3).
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Figure 3 - Ephesus, one of Turkey's UNESCO world heritage sites.

(AdobeStock, 2023)

-

Introduction to the Scientific Research Project

Since climate change is today's most important universal problem, a scientific research project
was developed to shape the behaviour of tomorrow's elders on this issue as well as to ensure
the sustainability of Turkey's rich historical values. In this context, a project has been developed
to shape the behavior of tomorrow's elders in this regard, as well as to ensure the sustainability
of Turkey's rich historical values. The outputs of the guided scientific research project titled
“Development of Curriculum and Enriched Digital Content for Raising Climate Change
Awareness in Secondary School Students (11-/4 age group)” include a printed book and
enriched digital content (Figure 4). The interdisciplinary printed book consists of eight
chapters, each written by experts in the field. The digital content is in the form of a summary
e-book with engaging videos and voiceovers (Figure 5). Chapters of the book are The concept
of environment and its problems, Air - climate, Climate change, Human and environment,
Historical environment, Climate change mitigation-adaptation efforts, Climate change and
cultural heritage (Figure 6).
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Figure 4 — Outputs of the scientific research project - Bilimsel arastirma projesinin ¢tktilar
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Figure 5 — View from enriched digital content
(Akyiiz Levi, 2024c)
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Figure 6 - Chapters of the book — Kitabin béliimleri
Steps of the projects are (Akyiiz Levi, 2024b):

“Determining the topic of climate change and historical environment.

Examination of secondary school curricula related to the subject in selected countries.
Examination of secondary school curricula and textbooks related to the subject in our
country.

Creating content by determining concepts.

Determining the learning outcomes for each chapter.

Writing of the chapters by field experts.

Printing of the book.

Converting the book into digital content in the form of a summary e-book.

Making international publications related to the subject.

Increasing the widespread impact of digital content (e-book) through open access.
Contribution of the conducted studies to the education of the relevant age group, their
inclusion in the education program.

Introductory meetings to increase widespread impact”.
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METHODOLOGY

As mentioned in the previous section, three main approaches were adopted to increase the
widespread impact of the scientific research project titled “Curriculum and Enriched Digital
Content Development for Raising Climate Change Awareness in Secondary School Students
(11-14 age group) ”. The main objective was to integrate the study into the 7th grade curriculum
and teach it as a one-semester course. In this context, an appointment was requested from the
Minister of National Education and the printed book was sent to the Provincial Directors of
National Education. A meeting was also held with Izmir Provincial Director of National
Education Dr. Omer Yahsi. Another approach is to make the digital content openly accessible
on the web page, so that the relevant age group can determine the study program in the context
of individual learning in line with their own conditions and wishes, independent of time and
place. Another approach is to provide the necessary information and awareness through
different duration programs in the form of workshops and seminars. Within the scope of the
paper, an evaluation is made on these options. The widespread implementation of the study is
of great importance for the elders of tomorrow to be prepared for mitigation and adaptation, as
well as for the preservation of Turkey's rich cultural heritage and the elimination of the negative
effects of these impacts. The paper includes an evaluation of two workshops organized for this
purpose.

Workshop 1 was conducted with a group of 25 6th and 7th grade students from Gazi Secondary
School in 1zmir (Figure 7). In this context, an activity lasting six lesson hours was carried out
in a 40-minute class and 10-minute break format. Firstly, a pretest was applied to measure the
students' level of knowledge about the subject. Then, a summary lecture was presented through
digital content in eight chapters, enriched with videos and voiceovers. A post-test was also
applied for each two sections. Each test contained five questions from each section. The
participants were asked multiple-choice questions arranged according to a five-point Likert
scale. In the pretest, the success level ranged from 25% to 60%, while in the posttest it was
perceived that this rate increased by 20% and above. At the end of the activity, students were
asked for their opinions. The participants stated that holistic implementation was better in terms
of implementing the activity in parts (several chapters spread over time) or holistically. Some
of the students stated that they learned many issues through this study, such as not knowing the
difference between weather and climate, incorrectly knowing the city most affected by floods
in Turkey, and that their knowledge and awareness levels increased.
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Figure 7 — View from workshop 1

Workshop 2 was held with 20 5th-8th grade students from DEU Private 75th Year Educational
Institutions - Secondary School. In this context, a two-hour summary presentation was made
for chapters 1, 2, 3 and 5 within the scope of digital content. A 20-question pre-test was
administered before the presentation. At the end of the presentation, the same test was applied
to measure the contribution of the training. In the pre-test, it was observed that students
achieved between 50% and 80%. In the post-test, this level increased between 5% and 20%.
For example, a student with 50% success in the pre-test increased his/her level of knowledge
on the subject to 70% at the end of the activity, while a student with 80% success increased
his/her level of knowledge to 95%. It can be stated that the students who participated in the
workshop generally had a high level of knowledge on the subject with the effect of an
environmental group they attend, and that they increased this level even more with the
workshop in question. Pre-test and post-test data on the subject are presented in Table 1 in the
context of the sections.
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Table 1- Change in the level of knowledge on the topics covered in the workshop -

Calistayda islenen konulara yonelik bilgi diizeyi degisimi

BOLUMLER Beslik sistemde Yiizdelik sistemde (%)

CHAPTERS in the pentad system in the percentile system
Ontest Sontest Ontest Sontest
Pre-test Post-test Pre-test Post-test

Cevre kavrami ve sorunlari

The concept of environment and its 4,37 4,5 87,4 90

problems

Hava-iklim 3,12 3,9 62,4 78

Air- climate

Iklim degisikligi

Climate Change 4 4 80 80

Tarihi gevre 2,62 3,5 52,4 70

Historical environment

Bitlinciil ortalama 3,53 3,98 70,6 79,75

Holistic average

There is an increase in the level of knowledge from approximately 71% to 80% in all sections.

CONCLUSION AND DISCUSSION

As a result, it is thought to spread the effect of the interdisciplinary scientific research project
outputs by applying them to small groups through various workshops and seminars in addition
to the main target. In this context, it is planned to determine the most effective method by
applying qualitative and quantitative ones and implement them more intensively.

Within the scope of the workshops, it was determined that the most intensive knowledge of the
students on the subject was related to the “environmental concept and problems” section. In
general, a significant increase was observed in their level of knowledge about the subject.

The widespread implementation of the project is of great importance in terms of ensuring that
the elders of tomorrow be prepared for the issue with mitigation and adaptation, as well as
preserving and protecting Turkey's rich cultural heritage and eliminating the negative effects
of climate change.

This study was prepared within the scope of the scientific research project titled “Curriculum
and Digital Content Development for Raising Climate Change Awareness in Primary School
Students (11-14 age group)” carried out by an interdisciplinary team conducted by Prof. Dr.
Eti Akyiiz Levi. We would like to thank Dokuz Eyliil University Scientific Research Projects
Coordination Unit for supporting our project.
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OZET

Kiiresel iklim degisikligi, kentlerin hem alan hem de niifus olarak her gecen giin hizla
bliyiimeleri ve ekosistemdeki bozulmalar, giliniimiiz diinyasinda etkisini daha fazla
hissettirmeye baslamis ve artik sehirler daha sik ve siddetli dogal afetlerle kars1 karsiya kalir
hale gelmistir.

Deprem, sel, firtina, kuraklik, erozyon ve yangin gibi afetler hem fiziksel altyapiyr hem de
sosyal, ekonomik ve ¢evresel sistemleri tahrip ve tehdit eder hale gelmistir. Bu nedenle artik
sehirlerin bu tiir krizlerin olmasi ihtimaline hazirlikli olmasi; ya da olas1 krizler sonrasinda
hizla toparlanabilmesi, kentsel hayatin siirdiiriilebilirligi agisindan oldukg¢a biiyiikk 6neme
sahiptir. Bagka bir ifadeyle sehirlerin esnek ve direncli yapilar haline evrimi giiniimiizde adeta
bir zorunluluk haline gelmistir. Afet yonetimi, altyap1 tasarimi, sosyal dayanigsma aglari, yesil
alanlar, akilli sehir teknolojileri, yonetisim ve vatandag-yonetim i birligi gibi bilesenler
araciligiyla sehirler krizlere kars1 hazirlikli hale gelebilecek ya da yasanan kriz sonras1 hizla
toparlanabileceklerdir.

Bu c¢alismada direngli sehir kavrami sadece afet sonrasi iyilesme kapasitesini degil; aym
zamanda afet Oncesi riskleri azaltma, kriz yOnetimi ve toplumsal dayanikliligi artirma
siireclerini de kapsayacak sekilde ele alinmistir. Dogal afetlere karsi direngli kentler ortaya
cikarmanin  yollari, kentsel esneklik ve adaptasyon mekanizmalar1 {izerinden
degerlendirilmistir.

Anahtar Kavramlar: Direncli sehirler, kentsel esneklik, afet risk azaltimi, ekosistem tabanl
adaptasyon, akilli sehir teknolojileri

ABSTRACT

Global climate change, the rapid growth of cities in terms of both area and population and
disruptions in the ecosystem have begun to make their impact felt more strongly in present-day
world, thereby exposing cities to increasingly frequent and severe natural disasters.

February 5-9, 2025 - Paris, France 12



2. INTERNATIONAL MULTIDISCIPLINARY ECOLOGY AND ENVIRONMENTAL STUDIES CONGRESS

Natural Disasters such as earthquakes, floods, storms, droughts, erosion and wildfires have
increasingly begun to pose threats to and cause destruction of physical infrastructure as well as
social, economic, and environmental systems. Therefore, it is now critically important for cities
to be prepared for the possibility of such crises or to recover rapidly in their aftermath to ensure
the sustainability of urban life. In other words, the transformation of cities into flexible and
resilient structures has become an essential necessity in present-day world. Through
components such as disaster management, infrastructure design, social solidarity networks,
green spaces, smart city technologies, governance, and citizen-administration collaboration,
cities can either become better equipped to face crises or recover swiftly from those they
experience. Through elements such as disaster management, infrastructure design, social
solidarity networks, green spaces, smart city technologies, governance and citizen-
administration collaboration, cities can either become better equipped to face crises or recover
swiftly after a crisis occurs.

In this study, the concept of resilient cities is addressed not only in terms of post-disaster
recovery capacity but also through processes aimed at reducing pre-disaster risks, crisis
management, and enhancing social resilience. The approaches to creating cities resilient to
natural disasters have been evaluated through urban flexibility and adaptation mechanisms.

Key Words: Resilient cities, urban flexibility, disaster risk reduction, ecosystem-based
adaptation, smart city technologies
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Abstract

This Start-up Women Entrepreneurship Business in SMEs Challenging and opportunities and
its impact on Economy of Pakistan. Data collected from 400 SMEs business women. A
structural Questionnaire were develop for the reliability and validity of the data. The
exceptional growth of Small and medium enterprises (SME) has been expected and executed
in the development of the country economically since1947. It has contributed to the GDP
growth, employment generation and export. The SME sector has acquired an outstanding
contribution in the socio-economic development of the country. The damaging factors in the
development of this sector are low capital base, accessibility of technology, credit policy, in
consistent business services, quality human resources, low market awareness and
infrastructural deficiency. The SME sectors are growth engine for economy in present scenario
of globalization process. The Aim of this paper is to examine various issues in context of
Pakistan economic condition. Because the SMEs are account for more than 95 percent of the
industrial units, approximately 40 percent of the industrial production, and about 36 percent of
the total exports. There are more than 18 million persons employed in various SME units and
about 3.2 million registered SME units in the country. The scope of the paper examines the
growth of SMEs in global era and its performance in economy. It identifies contribution of
SMEs in GDP growth.

Key Words: Start-up, Women Entrepreneurship, SMEs, Challenging and opportunities
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ABSTRACT

Introduction and Purpose: This study suggests the improvements for the oxidation problem
that may in biodiesel, which is among the renewable energy sources, is used with diesel fuels.
The aim of this studies is to investigation of the rosemary extract effect in diodisel-disel fuel
blends by spectroscopic method. Guided by this aim, the effectiveness of the antioxidant will
be evaluated by Fourier Transform Infrared Spectrophotometry (FT-IR).

Materials and Methods: Firstly, the rosemary extract was obtained from the rosemary plant
by distillation method. And than, B20D80 biodiesel-diesel fuel blends with high usage amounts
were prepared according to statistical data. The rosemary extract was added to the prepared
biodiesel-diesel fuel blends at 3000 ppm. Finally, these mixtures (D100, B100,
B20D1003000R) were evaluated with Fourier Transform Infrared Spectrophotometry (FT-IR).

Results: The FT-IR of these mixtures (D100, B100, B20D1003000R) clearly had characteristic
biodiesel peaks. This spectra also show other characteristic bands indicating the selection of
other functional group peaks in biodiesel. The antioxidant effects were observed in biodiesel-
diesel fuel blend with rosemary extract. The intensity vibration of IR spectra were changed with
different antioxidant concentration

Discussion and Conclusion: The result of this study to it is thought that rosemary extract can
be used as a natural antioxidant in biodiesel-diesel fuel blends. It was one step closer to the
substitution of natural antioxidants with traditional antioxidants both in the literature and in the
industry. In addition, it is thought to the use of natural antioxidants would offer an advantage
in economic terms.

Key Words: Biodiesel, Diesel, FT-IR, Rosemary, Spectrophotometry
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ABSTRACT

This study investigates the intricate ecological relationships between two sympatric agamid
lizards, Theobald’s toad-headed agama (Phrynocephalus theobaldi) and Himalayan rock
agama (Paralaudakia himalayana), in the high-altitude mountain region of Ladakh, India,
during the summer of 2023. Sympatric species living in proximity often exhibit interactions
influenced by resource partitioning, competition, and co-existence. The focus of this study was
to understand how these lizards cohabit in challenging landscapes. Despite being distributed
across different elevation ranges, these species overlap between 3000 m asl and 4000 m asl in
the mountains of the Trans-Himalayan region. Field surveys and observations were conducted
to elucidate their daily activity patterns and microhabitat preferences. While there was no
difference in the timing of morning activity or the composition of their diets, the two species
exhibited significant differences in microhabitat use. These differences in microhabitat
preferences may help reduce interspecific competition between the two sympatric agamids.
Overall, this study highlights how environmental adaptations and resource partitioning
contribute to coexistence strategies in high-altitude regions. It provides valuable insights into
the ecological dynamics of sympatric species, offering a better understanding of their survival
and interaction in extreme habitats like the Trans-Himalayas.

Key Words: high-altitude, lizards, ecology, microhabitat, reptile
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ABSTRACT

Introduction and Purpose: Plant blindness is the inability to recognise or appreciate the vital
role that plants play in ecosystems and human life. This phenomenon has become a major
obstacle to understanding our environment. By reducing plants to resources or ornaments,
society neglects their complex behaviour, their ability to communicate and their critical
ecosystem functions. This paper aims to foreground plant blindness and advocate for a more
holistic view of plant research.

Materials and Methods: This paper examines a range of artistic projects that address plant
blindness and its consequences. Key examples include the work of Bryndis Snaebjornsdottir
and Mark Wilson, Ellie Irons, Vaughn Bell and Amanda White. These projects emphasise
themes such as the cultural significance of plants, their ecological contribution and the potential
for symbiotic human-plant relationships. The methodology integrates an interdisciplinary
approach, bringing together artistic, scientific and philosophical perspectives to address the
theme.

Results: Emphasising alternative approaches, the study argues that art can be a powerful tool
in the fight against plant blindness. Artists' projects make plants recognisable and highlight their
critical role in environmental sustainability. The findings suggest that addressing plant
blindness through interdisciplinary and artistic endeavours enables a deeper engagement with
environmental challenges and promotes sustainable interactions with nature.

Key Words: Plant blindness, sustainable ecology, human-plant relations, interdisciplinary
studies, contemporary art

OZET

Giris ve Amag: Bitki korliigii, bitkilerin ekosistemlerde ve insan yasaminda oynadigi hayati
rolii tantyamama veya takdir edememe durumudur. Bu olgu, ¢evremizi anlamamizin 6niinde
onemli bir engel haline gelmistir. Toplum, bitkileri kaynaklara veya siis esyalarina indirgeyerek
onlarin karmagik davranislarini, iletisim kurma yeteneklerini ve kritik ekosistem islevlerini
ihmal etmektedir. Bu makale, bitki korliigiinii 6n plana ¢ikarmayi ve bitki arastirmalarina daha
biitlinciil bir bakis agisin1 savunmay1 amaglamaktadir.

Materyaller ve Yontemler: Bu ¢alisma, bitki korliigli ve sonuglarini ele alan bir dizi sanatsal
projeyi incelemektedir. Temel 6rnekler arasinda Bryndis Snabjornsdoéttir ve Mark Wilson,
Ellie Irons, Vaughn Bell ve Amanda White’in ¢aligmalar1 yer almaktadir. Bu projeler, bitkilerin
kiiltiirel 6nemi, ekolojik katkilar1 ve simbiyotik insan-bitki iligkileri potansiyeli gibi temalar1
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vurgulamaktadir. Metodoloji, temay1 ele almak i¢in sanatsal, bilimsel ve felsefi perspektifleri
bir araya getirerek disiplinler arasi bir yaklagimi biitiinlestirmektedir.

Bulgular: Alternatif yaklagimlari 6ne ¢ikaran caligma, sanatin bitki korligiine kars
miicadelede giiclii bir arag olabilecegini savunmaktadir. Sanatcilarin projeleri bitkileri
taninabilir kilmakta ve ¢evresel siirdiiriilebilirlikteki kritik rollerini vurgulamaktadir. Bulgular,
bitki korliigiiniin disiplinler arasi ve sanatsal ¢abalarla ele alinmasinin ¢evresel zorluklarla daha
derin bir iligki kurulmasinm sagladigin1 ve dogayla siirdiiriilebilir etkilesimleri tesvik ettigini
gostermektedir.

Anahtar Kelimeler: Bitki korligi, siirdiiriilebilir ekoloji, insan-bitki iligkileri, disiplinlerarasi
caligmalar, cagdas sanat

February 5-9, 2025 - Paris, France 18



2. INTERNATIONAL MULTIDISCIPLINARY ECOLOGY AND ENVIRONMENTAL STUDIES CONGRESS

STUDY OF DOXORUBICIN RELEASE FROM THE POLYACRYLIC ACID-BASED
HYDROGEL APPLY SOME KINETIC EQUATIONS

Shamo TAPDIGOV

SOCAR Oilgasresearchproject Institute, Baku, Azerbaijan,
Azerbaijan Republic Ministry Science and Education, Institute Catalysis and Inorganic Chemistry
named after by M.Naghiyev, Baku, Azerbaijan
ORCID: https://orcid.org/0000-0003-4235-3333

Dilgam TAGHIYEV
Azerbaijan Republic Ministry Science and Education, Institute Catalysis and Inorganic Chemistry
named after by M.Naghiyev, Baku, Azerbaijan
ORCID NO: https://orcid.org/0000-0002-8312-2980

ABSTRACT

Introduction and Purpose: It is known that the long-term accepted of physiologically active
substances in their free form cannot maintain therapeutic concentrations in the body. To control the
therapeutic effect, it becomes necessary to take the drug frequently or in amounts 2-3 times higher
than the therapeutic dose. This, in turn, negatively affects the function of other tissues and causes side
reactions. To address this problem, drug delivery systems, coatings, films, and other improved
biomaterials based on natural and synthetic polymer-based gels have begun to be synthesized.
Materials and Methods: In the study, the release processes of doxorubicin (as model antibiotic)
immobilized into the pH-sensitive, water-swellable hydrogel sample obtained from the cross-linked
of polyacrylic acid with an average molecular weight of 230 kDa with 10% (mass) N,N'-methylene-
bis-acrylamide were studied. The non-toxic nature of polyacrylic acid (PAA), its hydrophilicity,
mucoadhesiveness, and tendency to form complexes with drug substances make it suitable for use as
a matrix in drug delivery systems, helping to enhance the effective delivery of drug molecules.
Results: The controlled release process was studied in a buffer medium of pH=7, which is close to
the small intestine medium. The release of the drug was characterized quantitatively as a function of
time. The Kinetic data of the release were fitted to various Kinetic equations such as zero-order, first-
order, Higuchi square root law, Korsmeyer-Peppas, and Hixson-Crowell cube root. It was found that
the release of doxorubicin occurs by a non-Fickian diffusion mechanism and the direction of release
fits well with the Higuchi root field model. It has been determined that the release of doxorubicin
occurs in two phases: a rapid release phase and an equilibrium phase (relatively controlled release).
Specifically, during the initial 10-12 hours, the drug was released into the medium in a burstly, with
the gel swelling 85-90% of the drug contained within it. In subsequent phases, the release reaches
equilibrium, where a balance was established between the concentration of the drug in the medium
and the drug in the gel pores. By applying the equation Q = Kt'/?, the release constant was determined
based on the slope of the line, and it was found K = 6.472. The high value of K suggests that the
creation of oral pharmaceutical forms would be more favorable. Based on the results, it can be
concluded that the pH-sensitive gel, obtained by copolymerizing 10% (by weight) MBAA with low
molecular weight PAA, can be used to prepare drug formulations for oral use, such as doxorubicin-
immobilized formulas.

Key Words: Polyacrylic acid, Hydrogel, Immobilization, Controlled Release, Kinetic Models.
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ABSTRACT

This article provides an in-depth examination of Europe's largest natural plane tree (Platanus
orientalis) forest, located within the Zangezur economic region of Azerbaijan. The focus is on
the Basitchay State Nature Reserve, a protected area of great ecological significance. The article
explores the rich biodiversity of this unique forest, emphasizing its environmental importance,
rare flora and fauna, and role in maintaining regional ecological balance.

Furthermore, the study delves into the extensive ecological damage inflicted on the reserve
during the period of occupation. It presents an analysis of the environmental destruction,
including deforestation, pollution, and habitat degradation, amounting to ecocide. The
investigation highlights the long-term consequences of this devastation, assessing its impact on
the region’s natural ecosystems. Additionally, the article discusses efforts toward restoration,
conservation initiatives, and the challenges faced in rehabilitating the affected territory.

By shedding light on the environmental crimes committed and the urgent need for ecological
recovery, this article underscores the importance of preserving Azerbaijan's unique natural
heritage for future generations.

Keywords: Natural plane tree forest, Ecocide, Environmental destruction, Deforestation

INTRODUCTION

Basitchay State Nature Reserve is one of Azerbaijan’s most significant protected areas,
renowned for its unique biodiversity and ecological importance. Located in the Zangilan
district, this reserve was established in 1974 with the primary objective of conserving rare and
endangered plant species, particularly the ancient Eastern Plane (Platanus orientalis) forests.
Despite covering a relatively small area of 107 hectares, Basitchay plays a crucial role in the
preservation of one of Europe’s largest natural plane tree forests. Its rich biodiversity,
ecological value, and historical significance make it a vital component of Azerbaijan’s
conservation efforts.

The Basitchay State Nature Reserve is situated in the southwestern part of Azerbaijan, within
the Zangezur economic region, along the Basitchay River, a tributary of the Araz River. This
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strategic location, nestled in a river valley, provides ideal conditions for a thriving ecosystem.
The region experiences a moderate continental climate, characterized by hot summers and
relatively mild winters, with distinct seasonal variations. The combination of fertile alluvial
soils, ample water supply, and favorable climatic conditions supports diverse plant communities
and sustains a variety of wildlife.

The defining feature of Basitchay is its ancient and well-preserved Eastern Plane trees, some of
which are over 200 years old (Photol). These majestic trees form a dense canopy, offering
essential ecological functions such as preventing soil erosion, regulating the local microclimate,
and providing shelter and nesting sites for numerous species. The forested landscape also
includes various riparian plant species, shrubs, and undergrowth vegetation that contribute to
the overall ecological balance of the reserve.

SN

Photo 1: Ancient Plane Tree in Basitchay State Nature Reserve

While Basitchay is primarily recognized for its botanical significance, its ecosystem also
supports a variety of animal species. Although comprehensive zoological studies are limited,
observations indicate the presence of numerous bird species, small mammals, and amphibians
that depend on the river and its surrounding vegetation for survival. The river ecosystem, with
its stable water supply, fosters biodiversity by serving as a habitat for fish and other aquatic
organisms, further enriching the ecological network of the reserve.

METHODOLOGY

The Basitchay State Nature Reserve is overwhelmingly dominated by Eastern Plane trees
(Platanus orientalis), which constitute an astonishing 93.5% of its total vegetation cover. This
remarkable prevalence makes it one of the most significant and well-preserved natural plane
tree forests in Europe. The Basitchay Valley, where these trees thrive, provides an ideal
environment for their growth due to its fertile soils, abundant water supply, and favorable
climatic conditions.
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While the average age of these magnificent sycamores is estimated to be around 170 years, the
reserve is also home to some truly ancient specimens, estimated to be between 1,200 and 1,500
years old. These centuries-old giants stand as living witnesses to the region’s long and rich
natural history. Towering up to 50 meters in height, with massive trunks reaching diameters of
up to four meters, these plane trees play a crucial role in maintaining the ecological balance of
the reserve. They help regulate the local microclimate, prevent soil erosion, and provide
essential habitats for various wildlife species, making them a cornerstone of the region’s
biodiversity.

Beyond the dominant plane trees, the right bank of the Basitchay River is characterized by a
mix of Georgian oak (Quercus iberica) and Caucasian hornbeam (Carpinus caucasica). These
species contribute to the ecological diversity of the area, offering shelter and food for various
bird and mammal species. Meanwhile, the left bank of the Basitchay gorge presents a slightly
different landscape, where juniper bushes (Juniperus spp.) intermingle with ancient plane trees,
adding to the botanical richness of the region. This diversity in vegetation across different areas
of the reserve highlights the unique interplay between topography, climate, and hydrology that
shapes the ecosystem.

The Basitchay Reserve, with its extraordinary age-old plane trees and diverse plant
communities, stands as an irreplaceable ecological treasure. Its conservation is essential not
only for preserving the natural heritage of Azerbaijan but also for safeguarding an ecosystem
that has existed for millennia. Protection efforts and further scientific studies are crucial to
ensuring that these towering natural monuments continue to thrive for generations to come.

CONCLUSION AND DISCUSSION

For many years, these territories tragically became a hidden refuge for Armenian criminals,
enabling a range of illegal activities that blatantly violated international environmental
conventions. The unchecked exploitation of natural resources, deliberate contamination of
water sources, and widespread destruction of biodiversity caused severe and irreversible
damage to one of Azerbaijan’s most ecologically significant regions.

The reality we uncovered during our monitoring mission in the Basitchay State Nature Reserve
was far worse than we had anticipated. The scale of devastation exceeded all expectations,
revealing an environmental catastrophe that had unfolded over the years. Hundreds of ancient
plane trees, some over 200 years old, had been felled, burned, or left to decay, leaving behind
a landscape of destruction (Photo 2). The once-pristine Basitchay River, a lifeline for the local
ecosystem, had been polluted with waste and toxic substances, further endangering the fragile
biodiversity of the reserve.
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Photo 2: Registration of Burned Plane Trees

As we conducted our on-site investigation, we meticulously recorded and photographed
extensive evidence of fire damage, deforestation, and illegal logging. The scars left on the land
were undeniable centuries-old trees had been ruthlessly uprooted and cut down, and the balance
of the natural ecosystem, which had evolved over thousands of years, was thrown into chaos
(Photo 3). These acts of environmental vandalism, carried out with blatant disregard for nature,
led to the irreversible degradation of one of Azerbaijan’s most treasured forests.
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Photo 3: Destruction of Centuries-Old Plane Trees in Basitchay State Nature Reserve

One of the most alarming findings was the complete destruction of over 42 hectares of the
reserve’s 85-hectare forested area, wiped out as a result of systematic deforestation carried out
by Armenia. The loss of these forests not only disrupted the local climate and soil stability but
also eliminated crucial habitats for wildlife, endangering numerous species that relied on the
reserve for survival. The deliberate targeting of the Eastern Plane trees (Platanus orientalis)—
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a keystone species of the Basitchay ecosystem—represented an ecological disaster, as these
trees played a vital role in regulating the microclimate, preserving soil integrity, and sustaining
the broader biodiversity of the region.

In conclusion, our monitoring showed that the illegal activities of Armenians in the Basitchay
State Nature Reserve are a crime against ecology. The cut down plane trees, burned forests, and
fields here have inflicted wounds on Azerbaijani nature that will not heal for a long time. The
destruction inflicted upon the Basitchay State Nature Reserve is an undeniable example of
environmental warfare. Urgent measures must be taken to restore and rehabilitate the damaged
ecosystem, ensuring that the reserve can recover from decades of devastation and once again
flourish as a sanctuary for biodiversity.
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ABSTRACT

To improve soil structure, thermal properties, humidity, and ion exchange capacity, soil
amplifiers are increasingly used. They can also be used for the foliar nutrition of plants due to
high calcium and magnesium content. They are used in very intensive and profitable
agricultural production (for producing flowers and vegetables). In this research, calcium soil
amplifiers were used, which have a natural origin and are ecological products. This research
aimed to determine their influence on the chemical composition of tomato fruits. The material
for the work was the tomato variety ‘Bele’.

In the Strumica region, North Macedonia, the field crop experiment was set in the protected
spaces of 300 m2. The variants in the experiment were: 1. Control (untreated); 2. Zeofit forte
(SiO2 15%, CaO 35%, MgO 7%, P20s 0.04%, K20 0.63%, MnO 0.043%, Fe203 4.70%) — 3
g/L; 3. Zeofit forte (SiO2 15%, CaO 35%, MgO 7%, P20s 0.04%, K20 0.63%, MnO 0.043%,
Fe2034.70%) — 5 g/L; 4. Zeofit plus (SiO2 25%, CaO 21%; MgO 13%; K20 1.1%; Fe203 2.0%)
— 3 g/L; 5. Zeofit plus (SiO2 25%, CaO 21%; MgO 13%; K 1.1%; Fe203 2.0%) — 3 g/L.

Each variant was treated with tasted foliar fertilizer in concentrations of 3 g/L and 5 g/L
solution. Foliar fertilization had a positive influence on the content of the examined parameters
in tomato fruits. In all variants, the analyzed parameters gave better (p<0.05) results compared
to the untreated control variant. The highest (p<0.05) content of dry matter (6.65%), the highest
(p<0.05) average content of nitrogen (1.40%), phosphorus (0.32%), potassium (2.27%),
calcium (1.47%) and the highest (p<0.05) content of vitamin C (23.55 mg/100g) were
determined in the tomato fruits in the variant 2. The highest (p<0.05) content of mineral matter
(4.10%), lycopene (2.23 mg/100g), carbohydrates (5.30 mg/100g) and magnesium (0.35%)
were determined in the tomato fruits in variant 4.

Keywords: Tomato fruit, soil amplifiers, organic production.
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INTRODUCTION

High yields are achieved by producing vegetables indoors, and for such yields, in addition to
varieties and hybrids, the presence of nutrients and irrigation are the basic prerequisites.
Population growth, food insecurity, and the reduced fertility of agricultural soils are leading to
an increased use of chemical fertilizers. It is one of the most important factors that help to
enhance plant production; it is represented as a nutrient source for plants that can be included
in the soil to boost their productivity (Kwon et al., 2019; Traoré et al., 2022). High yields of
good quality can be achieved in protected spaces vegetable production by applying different
organic, mineral, organic, and mineral fertilization systems as well as soil amplifiers
(Bogdanovi¢ et al., 2014).

Organic fertilizers, in addition to providing cultivated plants with nutrients, play a significant
role in increasing soil fertility by improving the structure, water-physical and microbiological
properties of the soil (Grandy et al 2002). Unlike mineral fertilizers, organic fertilizers and soil
amplifiers have a prolonged effect on the chemical properties of the soil and therefore on the
yields of cultivated plants, several years after application (Cabilovski 2009).

In addition to standard methods of improving soil fertility, i.e. eliminating the causes of
infertility (liming, humification, ameliorative fertilization, ameliorative soil cultivation, etc.),
soil amplifiers are increasingly being used to improve soil structure, thermal properties,
humidity, and ion exchange capacity. Soil amplifiers are organic and inorganic natural
substances or synthetic products. They are used in very intensive and profitable agricultural
production (for producing flowers and vegetables). In addition to soil application, they can also
be applied foliarly (Stojanova, 2018).

The goal of horticultural plant nutrition is to provide the optimal amount of nutrients for plants
throughout the entire growing season. Each horticultural crop has different requirements for
growth and development in terms of quantities and ratios of nutrients, which in turn depend on
the type, variety, cultivation system, planned yields, soil, and other growing conditions
(Stojanova, 2022).

Fertilizers, which are indispensable and the most important material input in modern
agricultural production, have played a vital role in improving the yield and quality of crops
(Hebbar et al., 2014). However, over-fertilization not only inhibits the improvement of crop
yield and quality, it also results in serious issues, such as hardening and acidification of the soil,
aggravation of crop pests, leaching loss of soil nutrients, and threats to groundwater safety (Du
etal., 2021).

The application of the right amount of fertilizer is primordial, finding the perfect balance
between nutrient availability, fertilizer dose, and application time is a crucial parameter to
improve fertilizer’s performance and prevent environmental contamination. Excessive amounts
of fertilizer create abiotic stress on the plant, and since tomatoes are a highly strategic crop,
growers aim to overuse fertilization. Studies have shown that fertilization changes plant
biochemical contents, which affect plant growth and productivity (Bentamra et al., 2023).

The lack of nutrients in the soil affects the reduction of plant growth and development, whereby
a chemical analysis of the leaves, and in some cases also by visual observation, can determine
which element is deficient. Thus, yellowing of the leaves is most often a symptom of nitrogen
deficiency, and reduced flowering is correlated with phosphorus deficiency. Therefore, it is
important to properly implement fertilization and timely record the deficiency of certain
elements (Stojanova, 2022).
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Balanced fertilization is a prerequisite for exploiting optimum crop yield potential and
beneficial effects of organic manure in crop production have been demonstrated. Combined
application of organic fertilizer along with synthetic fertilizer could be a promising soil
management practice to improve crop productivity, soil fertility, and sustainability (Ferdous et
al., 2017).

Fertilization affects the amount and quality of yield by changing the quantities, dynamics, and
ratios of available nutrients for plants, either in the rhizosphere by introducing fertilizers into
the soil, or directly into the aboveground parts of the plant through foliar application.

Fertilizers provide nutrients to plants through the natural decomposition of organic matter,
which promotes the growth of beneficial microorganisms in the soil. The microorganisms in
turn enhance the availability of nutrients to the plants, improve soil structure and water-holding
capacity, and stimulate root growth and plant metabolism (Mihalache et al., 2015). This
increased plant growth and metabolism can lead to higher levels of bioactive compounds, such
as carotenoids, flavonoids, and phenolic acids, in the fruits. In addition, some organic and
biological fertilizers can also stimulate the production of plant hormones and enzymes, which
can further enhance the accumulation of bioactive compounds in the fruits (Song et al., 2020).

Tomato (Solanum lycopersicum L.) is a very important vegetable crop and consumed in most
parts of the world, from home gardens and protected spaces to large commercial farms due to
its wider adaptability to various agro-climatic conditions with a relatively short crop duration,
gives a high yield, and is economically attractive. It is one of the most fashionable salad
vegetables and is taken with great relish. It is also one of the organically produced vegetable
crops in the world (Laily et al., 2021; Mayele et al., 2023).

The economic and nutritional significance of tomatoes is underscored by their rich content of
vitamins, minerals, and antioxidants, which contribute to a balanced diet and overall health. As
an annual or perennial vegetable crop, tomatoes meet the growing needs of consumers and
industries. However, their cultivation often requires a significant amount of nitrogen (N), a
crucial macronutrient for plant growth and yield (Anastasios et al., 2019; Zhang et al., 2024).
Vitamin A, folate, ascorbic acid, and potassium are among the nutrients found in substantial
amounts in tomatoes. Carotenoids (lycopene, zeaxanthin, and Pcarotene) are all present, as are
glycoalkaloids (tomatine), phenolic acids, and flavonoids. These bioactive components give the
tomato several biological virtues, such as antioxidant activity, anti-inflammatory,
antimutagenic, and anti-atherogenic properties (Bentamra et al., 2023).

The application of chemical fertilizers is currently one of the most commonly used methods in
intensive agriculture. However, the long-term application of chemical fertilizers can cause
many negative effects. For example, most of the nutrients added to the soil are not absorbed by
plants. Studies have shown that more than 50% of the nitrogen and 90% of the phosphorus in
chemical fertilizers are lost to the atmosphere or water sources, resulting in greenhouse gas
emissions, water eutrophication, and other environmental issues (Lam et al., 2017).

The combined application of organic and chemical fertilizers is a significant means to maintain
the sustainable utilization of soil fertility, and also an important production tool to optimize
agricultural yield. Such fertilization reduces the application of chemical fertilizer and protects
the environment (Guirado et al., 2021).

The aim of this research was to determine the impact of soil and foliar fertilizing on the chemical
composition of tomato fruits grown in protected spaces in the Strumica region, North
Macedonia.
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MATERIALS AND METHODS

In Strumica region, North Macedonia, field crop experiment was set in the protected spaces of
200 m?2,

The experiment was set up in 12 rows. The tests included 5 variants in 3 repetitions. The
working material was the tomato variety ‘Bele’. The seedlings were planted in rows with a row-
to-row distance of 60 cm and between plants 40 cm. The experiment was set up under irrigation
conditions. During the growing season of the tomato, basic agrotechnical measures were
applied.

Before the planting took place, soil fertilization with mineral fertilizer NPK 6-10-30 + 2% MgO
in the amount of 12 kg in the hall with an area of 300 m? was applied. The variants in the
experiment were:

Control (untreated);

Zeofit forte (SiO2 15%, CaO 35%, MgO 7%, P20s 0.04%, K20 0.63%, MnO 0.043%, Fe03
4.70%) — 3 g/L;

Zeofit forte (SiO2 15%, CaO 35%, MgO 7%, P20s 0.04%, K20 0.63%, MnO 0.043%, Fe03
4.70%) — 5 g/L;

Zeofit plus (SiO2 25%, CaO 21%; MgO 13%; K20 1.1%; Fe203 2.0%) — 3 g/L;
Zeofit plus (SiO2 25%, CaO 21%; MgO 13%; K 1.1%; Fe203 2.0%) — 3 g/L.

In each variant and repetition, 50 plants were involved, and for the entire experiment, 750 plants
were involved per cultivar. Each variant was treated with tasted foliar fertilizer in
concentrations of 3 g/L and 5 g/L solution. The application of fertilizers was done with a hand
sprayer, by spraying the leaves. Two calcium soil amplifiers, Zeofit Forte, and Zeofit Plus, were
applied, which are produced in North Macedonia, have a natural origin, and are completely
ecological. They can also be successfully applied to the foliar nutrition of plants due to their
high content of calcium and magnesium. They stimulate plant flowering and increase immunity
and yield.

Calcium enhancers were applied foliarly four times during the growing season. The first
treatment was performed immediately after fertilization and the formation of the first fruits, and
then three more times at 7-day intervals.

The material for the work was the tomato cultivar ‘Bele’. The ‘Bele’ tomato variety is a strong,
hybrid, tall growth, semi-open habit, large (220-270 g), fleshy fruit. Very uniform, round fruits
in shape and size, intense red color and shine, and unsurpassed firmness and shelf life. It has
high adaptability and reliability in different growing conditions in protected spaces. It is
recommended for growing on 5-6 flowering branches, but it gives excellent results even in the
most professional growing technologies on inert substrates with hydroponic nutrition. It has a
small distance between internodes, which is why it is grown even in the simplest tunnels (Lazi¢
et al., 2001).

During the vegetation, five harvests were done. Fruits were collected and measured for their
size-type classification. To determine soil fertility, soil samples were taken before setting up
the experiment at a depth of 0—-20 cm and 20—40 cm (Stojanova, 2019). In laboratory conditions,
the soil samples were brought to an air-dry state and prepared for agrochemical analysis in
which the following parameters were determined:

pH value — determined potentiometric with pH-meter (Stojanova, 2017);
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content of easily available nitrogen — determined by the method of Tjurin and Kononova
(Stojanova, 2017);

content of easily available phosphorus — determined by AL method and reading of
spectrophotometer (Stojanova, 2017);

content of easily available potassium — determined by AL method and reading of
spectrophotometer (Stojanova, 2017);

content of humus — determined by the permanganese method of Kotzman (Stojanova, 2017);
content of carbonates — determined with Schaiblerov Calcimeter (Stojanova, 2017);

During the harvest, fruits were taken separately by variants. The samples for chemical analysis
were prepared from 10 tomato fruits from each repetition. Part of the analyses were performed
in a fresh state, and another part in an air-dried state. For this purpose, the fruits were finely
chopped and dried to an air-dry state at a temperature of 60 °C, and then ground in an electric
grinder to a powder (Stojanova, 2019).

The following parameters were performed:

content of total moisture — by determining the content of free water (by drying the material at
room temperature) and hygroscopic moisture by drying the material at a temperature of 105 °C
to a constant weight (Sari¢ et al., 1989; Stojanova, 2017);

total dry matter — determined by calculating when the percentage of total moisture is subtracted
from 100 (Sari¢ et al., 1989; Stojanova, 2017);

content of mineral substances (ash) — determined by burning the material in a muffle furnace at
a temperature of 500 °C (Stojanova, 2017);

content of organic matter — determined by calculation when the percentage of ash is subtracted
from 100 (Stojanova, 2017);

vitamin C content — determined by the Muri method (Stojanova, 2017)
content of nitrogen (N) - determined using Kjeldal method (Stojanova, 2017);

content of phosphorus (P20s) - determined using atomic emission spectroscopy with
inductively coupled plasma (ICP - AEC) (Stojanova, 2017);

content of potassium (K20) - determined by incineration of the material with concentrated
H2SO4 and flame-photometer (Stojanova, 2017);

content of calcium (Ca) and magnesium (Mg), — determined using atomic emission
spectroscopy with inductively coupled plasma (ICP - AEC) (Sari¢ et al., 1989);

total carbohydrates were determined according Lane - Ejnon (Lane and Eynon) method based
on reducing properties of sugars that, when heated, reduce divalent copper ion (Cu?*) from
filing solution to red precipitate of Cu20 (Stojanova, 2017);

lycopene content was measured immediately after harvesting the tomatoes using a non-
destructive measuring device (Fruit Selector, K-SS300-LC, Kubota Corporation) (Ito and
Morimoto, 2009).

February 5-9, 2025 - Paris, France 30



2. INTERNATIONAL MULTIDISCIPLINARY ECOLOGY AND ENVIRONMENTAL STUDIES CONGRESS

The obtained results were statistically processed using the software package SPSS 20. To
determine the statistically significant differences of the obtained values ANOVA test post hoc
Tukey's test (p<0.05) was performed.

RESULTS AND DISCUSSION

Soil is the basis for plant growth, and the soil-plant system is the basic structural unit of the
biosphere, which provides strong productivity for human beings. Soil is often limited by a low
level of available nutrients, so fertilization is often necessary to replenish them (Yu et al., 2023).

For successful tomato cultivation, the optimal soil pH value has a wide range from 5.5 to 7.9.
Tomatoes can be grown on different soils, using different cultivation technologies, from
extremely light, sandy to heavier soils, rich in humus, with good water-air regime. The best
results are obtained if they are grown on deep and loose soils rich in easily accessible nutrients.
Tomatoes can be successfully grown on light, sandy soils with proper watering and fertilization.
These soils allow for earlier ripening of tomatoes. When growing tomatoes in protected areas,
there is usually higher humidity, which makes fertilization impossible. The cultivation of
tomatoes is also negatively affected by the occurrence of prolonged drought in the soil, which
causes growth and development to stop, and also reduces the yield. The consequences of
drought cannot be compensated for by later irrigation. Tomatoes are tolerant to low soil salinity
(Stojanova, 2022; Matotan, 2004).

Table 1. Agrochemical analysis of the soil

Available form CaCoO
No. | Plot Dgﬁ]th PH (mg/100 g soil) 3
H,O | KCI N P.Os K20 %
1 | Tomato| 0-20 | 7.35 | 6.65 8.50 | 24.60 | 17.90
2 Ipart | 20-40 | 7.40 | 6.64 7.80 | 25.80 | 16.50
Average 0-40 | 7.37 | 6.64 8.15 | 25.20 | 17.20
3 | Tomato | 0-20 | 7.43 | 6.70 8.60 | 25.70 | 17.50
4 Il part | 20-40 | 7.40 | 6.60 7.80 | 25.60 | 17.80
Average 0-40 | 7.41 | 6.65 8.20 | 25.65 | 17.65

~ o~~~ ~ [~

From the data in Table 1, it can be concluded that the soil on which the experiment was set, has
a neutral pH, good fertility with nitrogen and potassium, and medium fertility with available
phosphorus. There is no presence of carbonates.

From the data in Table 2, it can be concluded that foliar fertilization had a positive influence on
the content of the examined parameters in tomato fruits. In all variants, the analyzed parameters
gave better results compared to the untreated control variant.

The highest (p<0.05) content of dry matter (6.65%), and the highest (p<0.05) content of vitamin
C (23.55 mg/100g) were determined in the tomato fruits in variant 2. The highest (p<0.05)
content of mineral matter (4.10%), lycopene (2.23 mg/100g), and carbohydrates 5.30 mg/100g)
were determined in the tomato fruits in variant 4.
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Table 2. Chemical content of tomato fruits of variety ‘Bele’ (% of dry matter)

£ ~ w8 |8 o &
2 >% o = o = > L = S >
| 5|5y | gEg|EEg| £8 | 88 | 28
Varian EX | 838 | Box| 8 X ed od ed
t |"|ls | 58|55 |55 | £2 | &2 | 8%
g Fe | O O c > = -1 = ==
— S S O
x+SD | x+SD| ¥+SD | x+SD | ¥+SD | x+SD | x+SD
. 1| 9520 | 480+ | 9740+ | 260+ | 2023+ | 1.90+ | 450+
0 |+0072| 001 | 0.01° 0.06? 0.112 0.05? 0.012
) 1| 9335 | 6.65+ | 96.10+ | 3.90+ | 2355+ | 2.05+ | 495+
0 |+011°| 013> | o0.18 0.11b 0.19% 0.07° 0.16°
3 1| 9410 | 590+ | 9650+ | 350+ | 2270+ | 215+ | 515+
0 |+£0.09¢| 0.03 | 0.14° 0.05¢ 0.10° 0.12¢ 0.21°
A 1| 9505 | 495+ | 9590+ | 410+ | 2130+ | 223+ | 530+
0 | +£0.05% | 0.162 0.08° 0.02¢ 0.144 0.09¢ 0.19¢
e 1| 9350 | 650+ | 97.10+ | 290+ | 2265+ | 212+ | 500+
0 |+£0.10*| 0.07¢ | 0.02¢ 0.19° 0.18° 0.05¢ 0.11°

&b _ values for the same parameter of the different variants marked with different letters have
statistically significant differences (p<0.05), ANOVA, post hoc Tukey’s test.

The content of total moisture is in correlation with the dry matter content and it was the highest
(p<0.05) in the control variant (95.20%). The content of organic matter (97.40%) was highest
(p<0.05) in the control variant.

According to the research of Kochakinezhad et al. (2012) the average content of tomato fruit
dry matter was 6.90%, and fruit ash was 3.70%.

The contents of soluble sugar, organic acid, total soluble solids, and the sugar-acid ratio in
tomato fruit are important indices to reflect fruit sugar and acidity. The sugar content of fruit is
mainly determined by the soluble sugar content, and different types of sugar play different roles
in tomato fruit quality (Zhang et al., 2024).

According to Gao et al. (2023) the results demonstrate that using organic fertilizers can improve
tomato yield and quality. In general, organic fertilizers’ application significantly improved most
of the qualities, such as TSS, SS, lycopene, VC, and nitrate content, with no significant change
in the sugar/acid ratio. Although the effects of total soil nitrogen on tomato yield and pH on
lycopene were significantly different from other variables, other variables had no such
difference. TSS, SAR, and VC improved with the increase of soil organic matter, TSS, SS,
lycopene, and VC improved when total soil nitrogen was >1 g-kg™.

In the research of Zhang et al. (2024), the contents of lycopene, total phenols, and flavonoids
in tomato fruits increased with reduced N application. Increased application of organic fertilizer
further amplified the lycopene content of tomato fruits but reduced the contents of total phenols
and flavonoids. The application of Si promoted the contents of lycopene, total phenols, and
flavonoids in tomato fruits under different treatments. This suggests that low N can promote
the accumulation of flavonoids in plants, while high N can inhibit the corresponding synthesis.
In this experiment, under the treatment of increasing organic fertilizer application (4M),
reduced N fertilizer increased the contents of sucrose and fructose in tomato fruits (Zhang et
al., 2024).
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In their research, Du et al. (2021) have used different concentrations of water-soluble fertilizer
(N: P20s: K20, 18:7:20) and basic fertilizer (N: P20s: K20, 15:15:15). In the leaves of tomatoes
determined the content of N (0.56%), P (0.40%) and K (1.00%). The content of soluble sugar
was 0.42%, the content of organic acid (5.55%), lycopene (0.76%), and content of vitamin C
(15.00 mg/100 g) Authors concluded the 840 kg/ha fertilizer application rate most effectively
improved the yield, PFP, and soil productivity maintenance, with better quality of tomato fruits
(Du et al., 2021).

Vitamin C has a strong antioxidant effect and is an important nutrient that determines tomato
quality. The external environment (such as light, water, and fertilizer conditions) plays an
important role in regulating vitamin C synthesis (Ntagkas et al., 2019). The sweet taste of
tomato is mainly derived from fructose and glucose, while the sour taste is mainly attributed to
citric and malic acids (Cheng et al., 2020). Therefore, the sugar and acid contents are often used
as important indicators for evaluating tomato flavor. However, under the same cultivation
conditions, genetic factors mainly control the formation of flavor substances.

Fructose and glucose, the two soluble sugars, accounted for a large proportion of the tomato
fruit. The fructose content of the 15 tomato varieties was between 17.65-45.18 mg-g™* FW; this
was slightly higher than the glucose content. The average fructose and glucose contents in the
five tasty varieties were 65.60% and 126.22% higher than those of regular tomatoes, and
50.96% and 67.96% higher than those of cherry tomatoes, respectively (Zhang et al., 2023).

Calcium amplifiers have shown a positive impact on the macronutrient content of tomato fruits
(Table 3). The highest (p<0.05) average content of nitrogen (1.40%), phosphorus (0.32%),
potassium (2.27%) and calcium (1.47%) was determined in the tomato fruits in the variant 2.
The highest (p<0.05) content of magnesium (0.35%) was determined in the tomato fruits in the
variant.

Table 3. Macroelements composition of tomato fruits variety ‘Bele’ (% of dry matter)

Variant | n N P20s K20 CaO MgO
+SD | %+SD | %+SD | %+SD | x=SD

1|10 16.218; 0.22:+0.05° 26.012; 1(5.3296? 06.2181§E
2|10 1(5%023[ 0.32:+0.02° 26.2079§E o8 06.2195§E

3 |10 10..3006f 0.29+0.02° 20'91373[ 10'.413; %.%373[

4 110 10'.305; 0.24+0.07° 20'.21% 1(5?06; 06?15;

5 |10 10'.302; 0.23+0.11° Zd.zzoo;t 10'.4009;t %?1293

ab _ values for the same parameter of the different variants marked with different letters have
statistically significant differences (p<0.05), ANOVA, post hoc Tukey’s test.

The positive effect of foliar fertilizers on the chemical content of tomato fruits is the result of
their chemical composition. Zeofit forte and Zeofit plus contain two important macrobiogenic
elements (in different concentrations) calcium and magnesium, which are essential in the
nutrition of tomatoes. The presence of calcium in almost every cell organelle and cytoplasm
indica