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AIM AND SCOPE

AlM

International Journal of Agriculture, Environment and Food Sciences (JAEFS) is a scientific, open access, online-only periodical
published in accordance with independent, unbiased, and double-blinded peer-review principles. The journal published
electronically 4 times (March, June, September, and December) in a year. The publication languages of the journal is English.

International Journal of Agriculture, Environment and Food Sciences is indexed and abstracted in TUBITAK ULAKBIM TR Dizin,
EBSCO, AGRIS, CAB Abstracts, AGORA, SOBIAD, Scilit, ROAD, Neliti, WorldCat, ESJI, Base, IFIS, CNKI and other indexes.

The editorial and publication processes of the International Journal of Agriculture, Environment and Food Sciences are shaped
in accordance with the guidelines of the Council of Science Editors (CSE), Committee on Publication Ethics (COPE), European
Association of Science Editors (EASE), and National Information Standards Organization (NISO). The International Journal of
Agriculture, Environment and Food Sciences is in conformity with the Principles of Transparency and Best Practice in Scholarly
Publishing (https://doaj.org/apply/transparency/).

All articles in the International Journal of Agriculture, Environment and Food Sciences are published in the full open-access
model. All editors, authors and readers can access all issues and articles free of charge. Therefore, an editorial processing charge
(EPQ) is requested from each manuscript sent to evaluation, regardless of the number of pages, to cover the expenses needed
during the editorial process, referee evaluation process, acceptance for publication, publication, and post-publication processes.
For detailed information, please see "The Editorial Processing Charge (EPC) Policy" page: https://dergipark.org.tr/en/pub/jaefs/
price-policy

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the
opinions of the International Journal of Agriculture, Environment and Food Sciences, editors, editorial board, and/or publisher;
the editors, editorial board, and publisher disclaim any responsibility or liability for such materials.

All responsibility for the published articles belongs to the authors.

Articles will not be accepted for evaluation if they have been published or if they are considered for publication elsewhere
and if they are not prepared according to the publication rules. Only articles sent online via our website (https://dergipark.
org.tr/en/journal/2032/submission/step/manuscript/new) containing the appropriately filled copyright agreement and
acknowledgement of authorship form would be considered for publication. The journal guidelines, technical information, and
the required forms are available on the journal’s writing rules page (https://dergipark.org.tr/en/pub/jaefs/writing-rules).

SCOPE

International Journal of Agriculture, Environment and Food Sciences aims to contribute to the science by publishing high quality
publications in all fields of agriculture, environment and food Sciences. The journal publishes original articles and compilations.

The scope of the journal includes but not limited to agriculture, environment and food Sciences like agronomy, agricultural
engineering, biotechnology, animal science, plant science, horticulture, crop science, plant breeding, plant fertilization, plant
protection, soil science, agricultural economics, sustainable agriculture, aquaculture, biological engineering, food science,
food health and nutrition, husbandry, irrigation and water management, land use, entomology, environmental science, waste
management, molecular biology, organic agriculture, plant physiology, plant breeding, veterinary.
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OPEN ACCESS AND COPYRIGHT POLICY

OPEN ACCESS POLICY

The International Journal of Agriculture, Environment and Food Sciences (JAEFS) adopted the policy of providing open access
with publications. All publications in the International Journal of Agriculture, Environment and Food Sciences are free available
on the public internet, permitting any users to read, download, copy, distribute, print, search, or link to the full texts of these
articles, crawl them for indexing, pass them as data to software, or use them for any other lawful purpose, without financial,
legal, or technical barriers other than those inseparable from gaining access to the internet itself.

The International Journal of Agriculture, Environment and Food Sciences is an open access publication, and the journal’s
publication model is based on Budapest Access Initiative (BOAI) declaration. All published content is available online, free of
charge at https://dergipark.org.tr/en/pub/jaefs/archive. Authors retain the copyright of their published work in the International
Journal of Agriculture, Environment and Food Sciences. The journal’s content is licensed under a Creative Commons Attribution-
NonCommercial (CC BY-NC) 4.0 International License which permits third parties to share and adapt the content for non-
commercial purposes by giving the appropriate credit to the original work.

COPYRIGHT POLICY

The International Journal of Agriculture, Environment and Food Sciences is an open access publication, and the journal’s
publication model is based on Budapest Access Initiative (BOAI) declaration. All published content is available online, free of
charge https://dergipark.org.tr/en/pub/jaefs/archive. The journal’s content is licensed under a Creative Commons Attribution-
NonCommercial (CC BY-NC) 4.0 International License which permits third parties to share and adapt the content for non-
commercial purposes by giving the appropriate credit to the original work. Authors retain the copyright of their published work
in the International Journal of Agriculture, Environment and Food Sciences.

The International Journal of Agriculture, Environment and Food Sciences requires each submission to be accompanied by a
Copyright Agreement and Acknowledgement of Authorship Form. By signing this form, authors retain the copyright of their
work and agree that the article, if accepted for publication by the International Journal of Agriculture, Environment and Food
Sciences will be licensed under a Creative Commons Attribution-NonCommercial (CC BY-NC) 4.0 International License.

The author(s) who publish with the International Journal of Agriculture, Environment and Food Sciences agree to the following
terms;

« Copyrights for articles published in the International Journal of Agriculture, Environment and Food Sciences are held by the
author(s), with first publication rights granted to the journal.

« The author(s) is(are) the sole owner(s) of the article, has(have) full right and title to copyright in the article and has(have) the
right to reproduce the article for his/her/their own purposes provided the copies are not offered for sale.

- The author(s) must warrant that the work and all figures, illustrations, photographs, charts, and other supplementary material
are original.

« The author(s) must take responsibility for all parts of the article.

« The author(s), upon the publication of their work, can publish it in online environments and/or social networks (personal
webpages, Researchgate, Facebook, Instagram etc.).
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SUBMISSION PROCESS

Manuscripts can only be submitted electronically through the International Journal of Agriculture, Environment and Food
Sciences online manuscript submission and evaluation system, available at https://dergipark.org.tr/en/journal/2032/
submission/step/manuscript/new.

All authors must be registered in the DergiPark online manuscript submission and tracking system (https://dergipark.org.tr/
en/pub/jaefs), and during the upload of the article to the system, the names, the institution's addresses, e-mail, and ORCID
numbers of all authors must be entered in the metadata section.

Instructions to Authors: https://dergipark.org.tr/en/pub/jaefs/writing-rules

REVIEW PROCESS

A manuscript can be considered the International Journal of Agriculture, Environment and Food Sciences only if the same work
has not been published elsewhere or sent for publication.

1) Initial Evaluation

All editorial workflow is done online by logging into the Dergipark system (https://dergipark.org.tr/jaefs). Dergipark journal
submission portal https://dergipark.org.tr/en/journal/2032/submission/step/manuscript/new assigns each manuscript a
unique manuscript ID, and this identification number should be used in any communication with the editorial or technical
personnel.

« Each submitted manuscript is pre-reviewed by the journal’s editor(s) for its suitability for the International Journal of Agriculture,
Environment and Food Sciences.

« The manuscript may be rejected before the peer-review stage if it does not fit the journal's scope.
« In addition, the manuscript is sent back to the author in case it is not well-written.
« Checking the manuscript by a native English speaker is recommended if it is written in English.

«If the manuscript is found suitable for peer review after the first evaluation made by the editorial office, it is sent to at least two
reviewers.

2) Editorial Processing Charges (EPC) Payment

Once an article is submitted to the International Journal of Agriculture, Environment and Food Sciences, the Editorial Processing
Charge must be paid in order for the article to start the peer-review process.

Editorial Processing Charge Policy: https://dergipark.org.tr/en/pub/jaefs/price-policy

When a manuscript is submitted, it passes through the many different processes at the International Journal of Agriculture,
Environment and Food Sciences to ensure that quality checks, peer review, production, and article promotion are carried out
promptly and to a high standard.

After the initial evaluation process of the article, the editorial office of the journal requests payment of the editorial processing
charge from the corresponding author. The reviewer evaluation process is started for the paid articles.

3) Reviewer Evaluation

International Journal of Agriculture, Environment and Food Sciences employs a double-blind peer review, where the reviewer
and author remain anonymous throughout the process.

Peer review is a serious evaluation procedure for maintaining a high standard of intellectual work. The process is designed to
maintain constructive critical evaluation to submissions to ensure that work achieves high academic standards.

Review reports help editors identify the eligibility of a manuscript for publication.
« Manuscripts that pass the editors' initial screening are sent to external expert evaluation by two or more reviewers.
« Manuscripts needing revision are electronically forwarded to the author(s).

«The author(s) should consider the reviewer's comments very carefully and explain each comment or criticism one by one; they
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should also prepare a detailed explanation in case the author(s) do(es)n’t agree with the reviewer’s critics.
- The editor makes a final decision after consulting revisions and corrections made by the author(s).

Editors may decide to seek assistance from additional editors or reviewers before reaching a final decision. The review process is
expected to be completed within 3-6 months after the application. In some cases, longer periods can be inevitable, depending
on feedback from reviewers, author response times to revisions, and the number of revisions.

4) Editor Evaluation
The editor-in-chief can accept, reject or request minor/major revisions based on the review report of the editorial review board.
Acceptance

After a manuscript is accepted, it will be sent to our production team for copy-editing, English editing, proofreading by the
authors, final corrections, pagination, and, publication on the https://dergipark.org.tr/jaefs website. Authors will take an e-mail
notification when galley proof is ready for review.

Minor Revision

The authors are informed to prepare and submit a final copy of their manuscript with the necessary minor changes suggested
by the reviewers. Along with their review reports on the revised manuscript, the reviewers make a recommendation again.

Major Revision

Authors are expected to revise their manuscript according to this recommendation and submit their revised manuscript in a
timely manner. After the revised manuscript is submitted, the original reviewers are asked to review it. Together with the review
reports on the revised manuscript, the reviewers make a recommendation again.

Rejection

If a paper is not suitable for publication, it will be returned to the authors with an explanation of reasons for rejection.
5) Final Evaluation

After the favorable opinions of reviewers, the Editorial Board is made the final evaluation.

The articles accepted for publication by Editorial Board are placed in an issue sequence.

6) Layout

The articles accepted for publication are prepared for publication by typing. The Galley Prooof file is sent to the corresponding
author for final control. Corresponding author reviews the file and submits correction suggestions.

7) Publishing
The typed article is published after the last reading.
8) Archive

All published articles are saved in the journal archive.

JAEFS Journal Archive: https://dergipark.org.tr/en/pub/jaefs/archive


https://dergipark.org.tr/en/pub/jaefs/archive  

International Journalof —

TAEFS

Agrlculture Environment and Food Sciences PUBLISHING

ABOUT THE JOURNAL

Journal Name
Web Page
Abbreviation
Subjects

E-ISSN

DOl

Publisher
Publising Service
Language
Frequency

Price Policy

adit

Int. J. Agric. Environ. Food Sci. 8 (3) September 2024

International Journal of Agriculture, Environment and Food Sciences
https://dergipark.org.tr/jaefs - https://jaefs.com/

Int. J. Agric. Environ. Food Sci.

Agriculture, Environment and Food Sciences

2618-5946

10.31015

Giiltekin Ozdemir

Edit Publishing

English

Quarterly (March, June, September, December)

Editorial Processing Charge(EPC) are paid by authors or their institution.
This fee will be requested regardless of the acceptance/rejection condition of the article.

https://dergipark.org.tr/en/pub/jaefs/price-policy

Type of Publication International, Scientific, Open Access, Double blinded peer review, Widely distributed

periodical
Manuscript Submission JAEFS uses the submission system of Tuibitak Ulakbim DergiPark Akademik Open Journal
and Tracking System Systems - https://dergipark.org.tr/jaefs
Licence The International Journal of Agriculture, Environment and Food Sciences content is licensed

Legal Responsibility
Indexed and Abstracted in

Publishing Service

Journal Contact

under a Creative Commons Attribution-NonCommercial (CC BY-NC) 4.0
Authors are responsible for content of articles that were published in Journal.

TUBITAK ULAKBIM TR Dizin, AGORA (Access to Global Online Research in Agriculture),
AGRIS (Agricultural Science and Technology Information), EBSCO, WorldCat, SOBIAD, Scilit,
ROAD (Directory of Open Access Scholarly Resources), Neliti, International Citation Index,
ROOQT Indexing, ResearchBib, Index Copernicus International, ESJI, JournalTOCs, TEELS,
ResearchGate, Microsoft Academic, Crossref, Google Scholar

Edit Publishing

Dicle Teknokent Yigit Cavus Mah. Silvan Yolu Uzeri Kat:2 No:26, Diyarbakir, Tiirkiye
Web: https://editpublishing.com

E-mail: info@editpublishing.com

WhatsApp Support: +90 850 309 59 27

International Journal of Agriculture, Environment and Food Sciences

Prof.Dr. Giiltekin Ozdemir (Editor-in-Chief)

Dicle University Faculty of Agriculture Department of Horticulture, Diyarbakir, Turkiye
Web: https://dergipark.org.tr/jaefs - https://jaefs.com/

E-mail: editor@jaefs.com

Phone: +90 532 545 07 20

WhatsApp Support: +90 850 309 59 27


https://dergipark.org.tr/jaefs
https://dergipark.org.tr/en/pub/jaefs/price-policy
https://dergipark.org.tr/jaefs
https://editpublishing.com
mailto:info%40editpublishing.com?subject=
https://api.whatsapp.com/send?phone=908503095927
https://dergipark.org.tr/jaefs
mailto:editor%40jaefs.com?subject=
https://api.whatsapp.com/send?phone=908503095927

InternationdliJournaliet— S 0 o=

JAEES adit

Agnculture Environment and Food Sciences PUBLISHING

Int. J. Agric. Environ Food. Sci. 8 (3) September 2024

CONTENTS

RESEARCH ARTICLES

1. The impact of sectors on agriculture based on artificial intelligence data: a case study on G7 countries
and Turkiye 486
Ersin Caglar

2. Effect of entomopathogenic Beauveria bassiana (Balls.) Vuill. isolates on Myzus persicae (Sulzer)
(Hemiptera: Aphididae) 495
Alime Bayindir Erol, Oktay Erdogan

3. Assessing the influence of partial canopy cover and temperature variability on late-season dehydration
in grape berries 502
Turcan Teker, Oguzhan Soltekin, Ebru Toprak Ozcan

4. The effects of mixes of peat and olive pomace at various ratios on the vegetative growth of potted
grapevine saplings 511
Mehmet ilhan Odabasioglu, Ebru Sakar

5. Adsorption of crystal violet dye with selenium nanoparticles obtained by green synthesis from cherry

(Prunus avium L.) fruit stalk 521
Alper Solmaz, Talip Turna, Ayse Baran

6. The use of biofertilizer contribution to plant development and yield in greenhouse broccoli cultivation

Ozlem Altuntas, Rabia Kiiciik 231

7. Impact of bio-pesticides and storage containers on lentil seed preservation and pre-sowing fungal
treatment 541
Jahan Al Mahmud , Mahtalat Ahmed , Md. Mamun Hossain , Md. Mahadi Morshed , Sanjoy Kumar Adhikary

8. Evaluation of the effects of storage time and temperature on the beverages

Ali Guler, Ozlem Tokusoglu 230
9. The effect of biochar obtained from waste filter coffee grounds on plant germination 561
Mirac Nur Ciner, Emine Elmaslar Ozbas, Hilal Savuk, Seyma Giinay, H. Kurtulus Ozcan, Atakan Ongen

10. Participation of urea application stages on flour quality in bread wheat 571

Bilge Bahar, Berra Basyigit Koseoglu, Cemalettin Baltaci, Sait Aykanat, Hatun Barut

11. Investigation of the effects of psyllium powder addition on the quality of fresh and frozen gluten-free
bread 581
Sevda Can Keman, Gorkem Ozulki

12. Effects of different rootstocks on the growth and yield characteristics of Papazkarasi (Vitis vinifera L.)

Elman Bahar, llknur Korkutal, Semih Erisken 91
13. Separation of free bran using electrostatic field system with electrically assisted flat PVC surface 602
Sema Nur Kayiran, Mustafa Bayram

14. Alternative vegetable cultivation option in semi-arid conditions: the example of broccoli 611

Ceren Ayse Bayram

15. Characterization of F2 generation tomato plants and marker assisted selection against tomato spotted
wilt virus (tswv) and tomato yellow leaf curl virus (tylcv) 618
Alim Aydin, Hakan Basak, Hamide Aydin, Ramazan Glingor

16. Development of low oil emulsion gels by solidification of oil droplets and determination of their
rheological properties 629
Deniz Damla Altan Kamer

17. Determination of energy usage and greenhouse gas (GHG) emissions in artichoke production

Cihan Demir, Mehmet Firat Baran, Ahmet Konuralp Elicin 642

18. Effects of classical and organomineral fertilizer applications on pollen quality and quantity in gemlik
olive cultivar 650
Senay Karabiyik, Olcay Celik, Mehmet Ali Saridas, Sevgi Paydas




InternationdliJournaliet— S 0 o=

JAEES adit

Agnculture Environment and Food Sciences PUBLISHING

Int. J. Agric. Environ Food. Sci. 8 (3) September 2024

CONTENTS

19. Trend analysis of cotton production and trade

Sidika Bozkiran Yilmaz, Hatice Kiibra Goren 656

20. Characterization of flax genetic resources in Tiirkiye through variance analysis of antioxidant, phenolic
compound and fatty acid contents 663
Yusuf Arslan, Mustafa Yasar, Muhittin Bagci, Miittalip Giindogdu, Berfin isler, Sefa Unal

21. Nematicidal effect of powder extractions of different coloured radish seeds against Meloidogyne
incognita on tomato 674
Fatma Giil Géze Ozdemir, Fadimana Maril, Harun Cimenkaya, Bekir Tosun

22.Effects of different doses of zeatin, kinetin, and gibberellicacid biostimulants on growth and biochemical
parameters during the seedling development stage of Istanbul Oregano (Origanum vulgare L. ssp. hirtum) 681
Muhammed Said Yolcu

23. The effects of different cooking methods on the physicochemical properties of potatoes, carrots, and
cultivated mushrooms 688
Ayse Nur Ediz, Dilara Konuk Takma, Hilal Sahin Nadeem, Zehra Giinel

24, Studies on in vitro germination on endemic Salvia L. species

Pinar Orcan, ibrahim Selcuk Kuru 703

25.The volatile compounds of some edible wild plants consumed in the Mediterranean region

Aslihan Cesur Turgut 710

26. Shoot tip culture of Bilecik irikarasi, Sar1 Uziim, Kartal Cavus and Razaki grape varieties grown in Bilecik
province 729
Seda Ozdemir Memis, Hayri Saglam




International Journal of
Agriculture, Environment and Food Sciences

e-ISSN: 2618-5946  https://dergipark.org.tr/jaefs

DOI: https://doi.org/10.31015/jaefs.2024.3.1 Int. J. Agric. Environ. Food Sci. 2024; 8(3): 486-494

The impact of sectors on agriculture based on artificial intelligence data: a case
study on G7 countries and Turkiye

Ersin Caglar!

IManagement Information Systems, School of Applied Sciences, European University of Lefke, Lefke, TRNC

Article History Abstract

Received: April 22, 2024 - H

Recelved July 10 2o The growing development of technology has had an impact on many sectors
Accepted: July 15, 2024 particularly business, communication, education and agriculture. In addition to its

Published Online: July 31, 2024

Final Version: September 20, 2024 popularity, technology has brought many new concepts to the use of sectors, most

of the important of which are cloud computing, artificial intelligence and

Article Info cryptocurrencies. While the opportunities and concepts provided by technology
Article Type: Research Article icti P H'S H it
Article Subject: Social Policy have dest_r(_)yed_ the existing _Job opportunities, they also mtrqduced many positive
opportunities like artificial intelligence, which can be considered as one of such
Corresponding Author positive innovations. The OECD artificial intelligence data of G7 countries and

Ersin Caglar

59 coaylar@eul.edu.tr Turkey were used within the scope of this study. This study analyses the

investment opportunities in agriculture and other sectors based on the artificial

Available at intelligence data. In addition to this study, both country-based and sectoral
psiidergpark g RISISIISSILTIN  comparisons were made respectively. As a result, Al investments in the
DergiPark agricultural sector are generally at a lower level than other sectors. According to

the analysis results, countries such as Turkiye and Canada are the countries that
invest the most in the agricultural sector. This may reflect these countries' interest

This article is an open access article distribu?ed in agricultural po_tential and agricultural teChnOIon i .
under the terms and conditions of the Creative KK@ywords: Agriculture, G7 countries, artificial intelligence, venture capital

Commons Attribution-NonCommercial

(CC BY-NC) 4.0 International License. investments, OECD.ai
Copyright © 2024 by the authors.

Cite this article as: Caglar, E. (2024). The impact of sectors on agriculture based on artificial intelligence data: a case study on G7 countries
and Turkiye. International Journal of Agriculture, Environment and Food Sciences, 8(3), 486-494. https://doi.org/10.31015/jaefs.2024.3.1

INTRODUCTION

The growing development and popularity of technology in time is a process that deeply affects human life
(George and George, 2023). With the invention of the first computers, technology started to advance rapidly. Over
time, computers have become smaller, more powerful and more accessible (Van Veldhoven and Vanthienen,
2022). With the widespread use of the Internet, access to information and communication has become easier
accordingly (Khan et. al. 2020). The popularity of mobile technology has allowed people to stay connected anytime
and anywhere. Smartphones, tablets and other portable devices have made people's daily lives more efficient and
practical (Mayer, 2020). Moreover, the growth of social media platforms has changed the way people connect and
share with each other (Alaimo et. al. 2020). On the other hand, the development of e-commerce and digital payment
systems has radically changed shopping habits (Santos et. al. 2023). The spread of cloud computing technology
has made data storage and processing processes more flexible and efficient (Atieh, 2021). New technologies such
as artificial intelligence and machine learning have revolutionized business and industry (Bharadiya, 2023).
Innovative products such as 3D printers, autonomous vehicles, smart home technologies are shaping the lifestyle
of the future (Haktanir et. al., 2022). Overall, the development and popularity of technology has transformed the
lives of humanity and drawn a promising roadmap for the future.

The impact of technology associated with its development has a vital importance in the modern world.
Primarily, the advancement of technology in the healthcare sector has improved medical diagnosis and treatment
methods, providing more effective care to patients (Paul et. al., 2023). With regard to the education sector, digital
learning platforms and online resources have raised educational standards by providing students with access to a
wider range of information (Akour and Alenezi, 2022). In the trade and retail sector, e-commerce and digital
marketing techniques have transformed the shopping experience and increased customer satisfaction (Purnomo,
2023). The fintech innovations, payment systems and digital banking services emerged in the finance sector have
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made financial transactions faster and more secure (Pazarbasioglu et. al., 2020). Automation and robotics
technologies in the industry and manufacturing sector have turned production processes more efficient and cost-
effective (Al Bashar et. al., 2024; Kahya and Ozdiiven, 2023). In the transport sector, autonomous vehicles and
intelligent transport systems have provided safe and efficient transport while renewable energy technologies have
increased energy efficiency by reducing environmental impacts (lyer, 2021; Suman, 2021). Smart agricultural
technologies emerged in the agriculture sector have supported the sustainability of agriculture by increasing
productivity (Caglar, 2024; Dhanya et. al., 2022). Furthermore, Figure 1 shows some of the benefits of artificial
End-To-End

intelligence in the sectors.
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Figure 1. AI Benefits of Artificial Intelligence in Sectors

The agricultural sector experiences significant transformations with the impact of technological developments.
Firstly, agricultural robots and automation systems have increased labor productivity by automating agricultural
tasks (Mahmud et. al.,2020). Similarly, sensor technologies and smart farming applications monitor soil moisture,
temperature and other important factors to improve the productivity of agricultural fields. In this way, water and
fertilizer use is optimized and resources are used more efficiently (Ullo and Sinha, 2021). Climate forecasting and
weather monitoring systems also provide farmers with important data to make the right decisions at the right time
(Ozbilge et. al.2020; Ceglar and Toreti, 2021). Advanced agricultural machinery and equipment also increase
productivity, reduce workload and lower costs (Durai and Shamili, 2022; Atli, 2023). Agricultural data analytics
and artificial intelligence-based systems provide comprehensive data analysis for agri-businesses in making better
decisions (Zhai et. al., 2020). Hence, it is possible to respond to market demands more quickly and flexibly. On
the other hand, digital marketing and e-commerce platforms offer new opportunities in the marketing and sales of
agricultural products (Ma and Zhang, 2022). Consequently, technological developments in the agricultural sector
contribute to the development of more sustainable, efficient and competitive agricultural practices.

Among these innovative technologies, the opportunities provided by artificial intelligence are numerous.
Artificial intelligence has offered so many possibilities that it has become revolutionary. Artificial intelligence has
greatly facilitated the work of farmers by increasing efficiency and optimizing resource usage. In addition, it helps
farmers in the early diagnosis of diseases and pests by monitoring plant health and growth processes thanks to
precision agriculture practices. Data obtained using sensors or drones are analyzed with artificial intelligence
algorithms and provide instant information about critical factors such as soil moisture, nutrient level and weather
(Kamilaris & Prenafeta-Boldu, 2018). Prediction models are developed using artificial intelligence in data analysis.
Analyzing many variables such as climate changes, market demands and crop cycles makes it easier for farmers
to make strategic decisions (Wolfert et al., 2017). In addition, artificial intelligence-supported robots reduce labor
costs by automating routine tasks such as weeding and harvesting in the fields (Shaikh et. al., 2022). Due to these
unlimited advantages provided by artificial intelligence, it is thought that the agricultural sector's investment in
artificial intelligence will yield positive results.
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Literature Review

Upon the progressive development of technology and the increase in its usage areas, there have been
developments in every sector in connection with such developments (Hervas-Oliver et. al., 2021). Therefore, new
job opportunities have replaced the existing job opportunities. Yet this significant impact had a positive effect on
all sectors in general. There have been very major positive effects especially in terms of time and money (Hu et.
al., 2021).

In the literature, there are many studies regarding technology and sectors. This section reflects a number of
studies on agriculture which is the research subject of the study, and artificial intelligence studies, which is one of
the most popular technological developments.

The study titled "Agriculture and Artificial Intelligence" by Bugra GUZEL and Ersan OKATAN (2022) from
2022, analyses with the effects and application areas of the use of artificial intelligence technologies in the
agricultural sector. The study provides a comprehensive assessment of how artificial intelligence-based solutions
can be used in different areas of agriculture where the authors discuss how artificial intelligence technologies in
agriculture can contribute to factors such as productivity, sustainability and profitability. The study also highlights
the current technological developments in the agricultural sector and the future potential of Al applications.

The article titled R&D and Innovation in the Agricultural Sector discusses the importance and impact of R&D
(Research and Development) and innovation activities in the agricultural sector. The paper elaborates on the
benefits of R&D and innovation in the agricultural sector in various aspects such as productivity growth,
sustainability, competitiveness and market share gains. The research addresses the required policies and strategies
for the promotion R&D and innovation in the agricultural sector and assesses the current situation respectively.
Furthermore, the study also presents the effects of R&D and innovation activities in the agricultural sector with
regard to producers, suppliers and consumers. It emphasizes the future potential and importance of R&D and
innovation in the sector and argues that the relevant investments and support should be increased (Ozaydin and
Celik, 2019).

This paper analyses the impact of artificial intelligence (Al) technology on company growth and product
innovation. It uses various methods to analyze the impact of Al technology on companies' growth performance
and product innovation. It concluded that the use of Al can increase the growth rate of companies and promote
product innovation. The paper also explores the potential of Al technology to increase the competitive advantage
of companies. It also addresses the effects of artificial intelligence technology on companies' marketing strategies
and product development processes through underlining the importance for businesses to adopt and integrate Al
technology (Babina et. al., 2024).

The article titled "Artificial Intelligence Investments in Turkey: An Evaluation in the Context of Strategic
Management™ analyses artificial intelligence investments in Turkey from a strategic management perspective. It
discusses the Turkey's current situation and future potential in the field of artificial intelligence and the impact of
artificial intelligence investments on the competitiveness of the country. The research analyses Turkey's strengths
and weaknesses in the field of artificial intelligence and emphasizes the significance of artificial intelligence
investments in terms of strategic management. Additionally, the study argues the Turkey's national policies and
strategies in the related field and discusses the contribution of artificial intelligence investments to the economic
and social development of the country. The article concludes the steps and strategic planning, which are required
to enhance the Turkey's competitiveness regarding Al (Ercan, 2022).

METHODOLOGY

Within the framework of this study, OECD (Organization for Economic Co-operation and Development) data
are used accordingly. The main objective of OECD is to coordinate economic and social policies among member
countries, promote economic growth, increase welfare and contribute to the development of international trade
(Canton, 2021).

OECD has developed a data platform called "OECD.ai", which provides comprehensive data and analyses on
Al. This allows researchers, policy makers and other stakeholders to access information and make policy decisions
on artificial intelligence (Anna et. al. 2022; Tricot, 2021). This platform includes various data sets covering the
economic, social and ethical aspects of Al where the data set called "investments in Al and data" designed to help
users better understand and make decisions about investments in Al and data (OECD.AI, 2024) was used for this
study which analyses investments in Al and data technologies and visualizes their global trends and distribution.
With this dataset, users can explore, compare and analyze Al and data investments from different countries, sectors
or institutions. Hence, it is possible to learn about the size, distribution, sectoral focus and other important
characteristics of investments in Al and data.

Upon using OECD.ai "Investments in Al and data" datasets, artificial intelligence investments in G7 countries
were analyzed per specific sectors. From the perspective of this study, G7 countries and Turkey were compared
on a sectoral basis. G7 countries were used in this study because they provide a strong basis for understanding
global economic, political, technological and environmental dynamics. The policies and practices of these
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countries provide valuable insights for predicting global trends and future developments (Koca, 2022; Yiiriikoglu,
2021; Demir, 2021). In this context, Turkey's position among the G7 countries was evaluated and compared. While
evaluating each G7 country according to its artificial intelligence investments, important sectors in the world were
discussed. Firstly, artificial intelligence data in each G7 country and Turkey were analyzed from the general
dimension under two factors "Sum of Investments (USD in millions)" and "Number of Investments" both of which
were determined through the related dataset. On the other hand, artificial intelligence data in 5 different sectors
from OECD.ai dataset were compared on the basis of each country as "1-Agriculture, 2-Energy, Raw Materials
And Utility, 3-Environmental Services, 4-Logistic, Wholesale And Retail, 5-Media, Social Platforms, Marketing".

SPSS version 20 was used to analyse the artificial intelligence data set. Tests such as Anova and Tukey tests
were performed to determine the differences or similarities between countries and sectors.

RESULTS AND FINDINGS
The main objective of this study is to compare G7 countries and Turkey with major sectors, particularly
agriculture, through artificial intelligence data.

Table 1. Venture Capital Investment in Al
Venture Capital (VC) Investments in Al (Sum of Investments USD in millions)

Items N Minimum Maximum Sum Mean Std. Deviation
SumvCinUsb* 9% 0 114320 509795 5310,36 15663,47
AgrivCinUsSD* 96 0 1441 7326 76,31 214,010
EnergyVCinUSD* 96 0 586 3898 40,60 86,427
EnvVCinUSD* 9% 0 454 2462 25,65 65,364
LogVCinUSD* 96 0 2732 16893 175,97 480,227
SocVCinUSD* 9% 0 15772 60706 632,35 2114,865

Venture Capital (VC) Investments in Al (Number of Investments)

Items N Minimum Maximum Sum Mean Std. Deviation
SumVCNumber 96 0 2602 26185 272,76 520,431
AgriVCNumber 96 0 31 374 3,90 7,235
EnergyVCNumber 9 0 29 283 2,95 4,891
EnvVCNumber 9% 0 22 181 1,89 3,769
LogVCNumber 9 0 21 704 7,33 15,347
SocVCNumber 9% 0 326 3955 41,20 73,978

*SumVCinUSD= Sum of Venture Capital investment in USD, *AgriVCinUSD=Agriculture Venture Capital investment in USD, *EnergyVVCinUSD= Energy,
Raw Materials And Utility Venture Capital investment in USD, *EnvVCinUSD= Environmental Services Venture Capital investment in USD, *LogVCinUSD=
Logistic, Wholesale And Retail Venture Capital investment in USD, *SocVCinUSD= MEDIA, SOCIAL PLATFORM, MARKETING Venture Capital investment
in USD.

Table 1 provides the statistics of venture capital (VC) investments in artificial intelligence (Al) based on 96
different samples. In the first part, statistics on the total amount of VC investments (in millions in USD) are given
where the minimum value of total VC investments is 0 and the maximum value is 114320 million USD. The
average investment amount is 5310,36 million USD and the standard deviation is 15663,47 million USD. The
second part presents statistics on the number of VC investments. Pursuant to these statistics, the total number of
VC investments is 96 with a minimum of 0 and a maximum of 2602. The average number of investments is 272.76
and the standard deviation is 520.431. Additionally to table 1, the social sector consistently receives the highest
investment amounts and number of investments, indicating a strong focus on Al applications in social contexts.
Conversely, the environmental sector sees the lowest investment and fewer projects, suggesting a potential area
for growth. The logistics sector, while not as prominent as the social sector, still shows substantial investment,
reflecting the importance of Al in optimizing logistics operations.
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Table 2. Al Investments Between Countries
Venture Capital (VC) Investments in Al (Sum of Investments USD in millions)

Items Germany USA UK Italy France Japan Canada Turkiye
SumVCinUSD* 16351 427126 29873 1136 11033 8578 14730 968
AgrivVCinUSD* 0 5539 644 7 216 367 539 14
EnergyVCinUSD* 388 2127 358 13 236 242 502 32
EnvVvCinUSD* 8 1654 325 53 187 69 166 0
LogVCinUSD* 832 13579 472 16 960 350 682 2
SocVCinUSD* 1800 51048 2415 314 1540 1261 1677 651

Venture Capital (VC) Investments in Al (Number of Investments)

Items Germany USA UK Italy France Japan Canada Turkiye
SumVCNumber 1130 17768 2651 187 1014 2020 1351 64
AgriVCNumber 0 237 30 1 17 34 49 6
EnergyVVCNumber 25 153 25 2 20 20 31 7
EnvVCNumber 4 108 46 1 10 1 11 0
LogVCNumber 39 491 53 1 38 46 34 2
SocVCNumber 135 2667 411 46 194 280 213 9

*SumVCinUSD= Sum of Venture Capital investment in USD, *AgriVCinUSD=Agriculture Venture Capital investment in USD, *EnergyVCinUSD= Energy,
Raw Materials And Utility Venture Capital investment in USD, *EnvVCinUSD= Environmental Services Venture Capital investment in USD, *LogVCinUSD=
Logistic, Wholesale And Retail Venture Capital investment in USD, *SocVCinUSD= MEDIA, SOCIAL PLATFORM, MARKETING Venture Capital investment
in USD.

Table 2 presents data on the total amount of venture capital (VC) investments in artificial intelligence (Al) (in
millions of USD) and the number of investments. In the first part, the total amounts of VC investments in different
countries are given. The second part of table shows the number of VC investments in different countries. Likewise,
the distribution of VC investments by agriculture, energy, environment, logistics and social areas is presented
separately. These data show the investment extent of different countries on artificial intelligence and their
particular focus areas. Besides of these, the data clearly indicates that the USA is the leader in VVC investments in
Al across all sectors both in terms of the total investment amounts and the number of investments. Countries like
Germany, the UK, and Japan also show significant activity, particularly in specific sectors like logistics and social
applications. In contrast, countries like Italy and Turkey have much lower figures, highlighting the disparity in Al
investment levels globally.

The table with data on Venture Capital (VC) investments includes the total amount and number of investments
by year. The first section shows the total amount of VC investments (in millions of USD) by year. The investment
amount, which was 2909 million USD in 2012, increased to 65507 million USD in 2023. Details of VC investments
in agriculture, energy, environment, logistics and social areas are also provided. In the second section, the number
of VC investments by year is given. The number of investments increased from 507 in 2012 to 2849 in 2023.
Moreover, the number of VC investments in agriculture, energy, environment, logistics and social areas are also
elaborated. Addition to these comments, the data underscores the increasing importance of Al across various
sectors, driven by the potential for innovation and efficiency. The peak in 2021 likely reflects a culmination of
technological advancements, investor confidence, and perhaps pandemic-driven digital transformation. Despite a
slight decline post-2021, the investment levels remain high, indicating a strong future for Al technologies in
driving global innovation and economic growth.

In table 4, values followed by the same letter or letters in same columns do not significantly differ from each
other according to the Tukey’s HSD (Honesty Significant Difference) test at p<0,05. The analysis reveals a clear
global hierarchy in Al investments, with the USA leading both in the total sum and number of investments. Other
countries like Turkey, Italy, Japan, France, Canada, Germany, and the UK are actively participating in the Al
investment landscape but with lower volumes. This categorization underscores the USA's pivotal role in driving
Al advancements and the collective efforts of other nations to foster Al development, albeit on a smaller scale.
The varied investment levels across different sectors also highlight the strategic focus areas for each country,
shaping their Al innovation trajectories.
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Table 3. Al Investments Between Years

Venture Capital (VC) Investments in Al (Sum of Investments USD in millions)

Year/ltems SumVCinUSD AgrivCinUSD EnergyVCinUSD EnvVCinUSD LogVCinUSD SocVCinUSD
2012 2909 42 1 28 22 634
2013 4206 30 79 91 17 823
2014 13693 73 140 31 389 1632
2015 21549 108 175 32 847 2153
2016 18710 228 161 72 910 1889
2017 25755 524 230 142 873 2212
2018 38939 758 424 110 1392 3774
2019 50598 645 404 222 2500 5821
2020 56600 1215 256 186 1801 4343
2021 136832 1959 807 572 3481 13566
2022 74497 1025 595 632 3042 7342
2023 65507 719 626 344 1619 16517

Venture Capital (VC) Investments in Al (Number of Investments)

Year/ltems  SumVCNumber AgriVCNumber EnergyVCNumber EnvVCNumber LogVCNumber SocVVCNumber
2012 507 3 2 4 7 112
2013 751 10 6 4 12 173
2014 1054 12 14 8 26 217
2015 1385 15 12 6 37 269
2016 1696 23 10 10 45 309
2017 2073 31 19 9 55 361
2018 2571 34 30 7 63 401
2019 3026 47 32 15 80 452
2020 3136 51 27 23 81 448
2021 3827 59 50 27 129 481
2022 3310 45 45 39 94 365
2023 2849 44 36 29 75 367

Table 4. Tukey HSD Test
Venture Capital (VC) Investments in Al (Sum of Investments USD in millions)

Countries/ltems SumVCinUSD AgriVCinUSD EnergyVCinUSD EnvVCinUSD LogVCinUSD SocVCinUSD

Turkiye b b b b b b

Italy b b b b b b

Japan b b b b b b

France b b b b b b

Canada b b b b b b

Germany b b b b b b

UK b b b b b b

USA a a a a a a

Venture Capital (VC) Investments in Al (Number of Investments)

Countries/ltems SumVCNumber  AgriVCNumber EnergyVVCNumber EnvVCNumber LogVCNumber  SocVCNumber

Turkiye b b b c b c

Italy b b b c b bc

Japan b b b c b bc

France b b b bc b bc

Canada b b b bc b be

Germany b b b c b be

UK b b b b b b

USA a a a a a a
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Table 5. Percentage share

Items / Countries Germany USA UK Italy France Japan Canada Tarkiye
PercentShareAgri 0.00%b  1.04%ab  1.02%ab 0.02% b 0.37%b 0.69% b 2.64% a 0.93% b
PercentShareEnergy 1.59% a 0.43% a 0.32% a 0.07% a 1.18% a 1.37%a 1.82% a 4.13% a
PercentShareEnv 0.02% a 0.56% a 0.58% a 0.10% a 0.48% a 0.04% a 0.47% a 0.00% a
PercentShareLog 3.82% a 2.94% a 0.97% a 0.03% a 3.35% a 1.73%a 3.92% a 5.03% a
PercentShareSoc 1327%b 1239%b 16.07%ab 38.79%a 17.66%ab 21.13%ab 16.66% ab  25.93% ab

Table 5 shows the percentage shares of VC investments in the agriculture, energy, environment, logistics and
social sectors of different countries. In the field of agriculture, Canada's share is the highest with 2.64 percent,
followed by the USA's 1.04 percent and the UK's 1.02 percent. This distribution highlights the strategic priorities
of different countries in artificial intelligence investments; While Trkiye focuses strongly on Agriculture, Energy
and Logistics, Italy focuses on Social Artificial Intelligence investments. USA, UK, France, Germany, Japan and
Canada exhibit different investment models in these sectors.

Investments in the agricultural sector are generally at a lower level than other sectors. In particular, it is seen
that investments in the agricultural sector are quite limited in European countries such as Germany, England and
Italy. While it was expected that the agricultural sector in these countries would be subject to VC investments
compared to other sectors, this did not happen. Countries such as Tirkiye and Canada invest more in the
agricultural sector. This may reflect these countries' interest in agricultural potential and agricultural technology.
However, in general, investments in the agricultural sector appear to be less than in other sectors.

CONCLUSION

The effect of technology on sectors has significantly improved user experience and quality of life while
increasing efficiency by improving business processes. However, the rapid advancement of technology has led to
the change of traditional business models in some sectors and the emergence of new competitive environments.
For instance, the abundance of data that comes with digital transformation has allowed businesses to make better
decisions and gain competitive advantage. Thus, the speed and complexity of technological innovations have led
to a lack of competence and infrastructure challenges in some sectors. Therefore, a continuous investment in
training and infrastructure is required to reduce the digital divide between sectors. In conclusion, the impact of
technology on sectors is a necessary factor to gain competitive advantage in the ever-changing business world and
this process needs to be managed and adapted.

It is seen that investments made in the agricultural sector are generally lower than other sectors. It is noteworthy
that investments in the agricultural sector are quite limited, especially in European countries such as Germany,
England and Italy. However, it appears that Canada has a significant share in investments in the agricultural sector.
It can be said that Canada's agriculture-based economy and its predisposition to agricultural technology affect this
situation. On the other hand, a significant increase is observed in investments in Turkey's agricultural sector.
Turkey's agricultural potential and developments in agricultural technology may be effective in increasing these
investments.

Consequently, these findings provide many important benefits for developing and investing in new
technologies. First, it guides strategic investment decisions and determines which sectors countries and companies
should focus on. Optimizing resource allocation helps use resources in the most efficient way. Determining areas
of technology development shows in which areas countries are leaders and in which areas they need development.
It can accelerate global technological progress by unlocking opportunities for international cooperation and
partnerships. Additionally, identifying market opportunities creates new business opportunities for entrepreneurs
and investors. Governments can encourage Al investments by using this data in policy and regulatory
developments. Companies and research organizations can optimize their strategies by conducting competitive
analysis. In terms of training and talent development, educational institutions can determine in which areas they
need to train more experts. Developing technological infrastructure is necessary to support Al investments. Finally,
by planning long-term, countries and companies can more effectively plan their future technology and investment
strategies. These findings are critical for developing and investing in new technologies and increasing competitive
advantage.
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INTRODUCTION

Aphids (Hemiptera: Aphididae) are important pests of many vegetables and fruits (Tang et al., 2017). More
than 5000 aphid species have been identified worldwide (Satrio Arinanto et al., 2024). The most damaging and
widespread species of aphids include Myzus persicae (Sulzer, 1776); Brevicoryne brassicae L.; Macrosiphum
euphorbiae Thomas; and Aphis gossypii Glover (Hemiptera: Aphididae) (Javed et al., 2019). Among these
species, M. persicae is one of the most important aphid species that is harmful to agricultural areas and
greenhouses. Green peach aphid M. persicae (Hemiptera: Aphididae) is a polyphagous insect pest, cause damage
more than 400 plant species in more than 50 families and economic losses in many horticulture crops. Due to its
rapid reproductive capacity, M. persicae prevents the growth rate and development of the plant from decreasing
(Blackman and Eastop, 2000; Tang et al., 2017; Kumar and Paul, 2017). M. persicae individuals are harmful by
sucking the sap of plants and release toxic substances into the plant during sucking. It also causes fumagine by
releasing a honey-like substance. M. persicae is the vector of more than 100 plant viruses in approximately 30
different families (Diaz et al., 2009; Torres-Quintero et al., 2013). It is stated that the pest is resistant to many
chemicals used in chemical control, including organophosphates, carbamates and pyrethroids (Devonshire et al.,
1998). Chemical pesticides cause undesirable side effects on products, beneficial organisms, humans and the
environment. Due to these negative effects, the need for sustainable alternative control methods is increasing
(Kingsley Nwosu and John, 2022; Nicolopoulou et al.,, 2016). One of these changes is the use of
entomopathogenic fungi (EPF). Entomopathogenic fungal pesticides are important in Integrated Pest
Management Programs (IPM) and cause diseases in insects, suppressing their growth and reproduction rates
(Thomas and Read, 2007). Considering the studies carried out; various EPFs such as Lecanicillium sp. (Jung et
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al., 2006, Steenberg and Humber, 1999), Beauveria bassiana (Quesada-Moraga et al., 2006), Metarhizium
anisopliae (Shia and Feng, 2004) and Isaria farinosa (Shia and Feng, 2004). They are reported to be effective
biocontrol agents used in the control against aphids and many other pests. Although B. bassiana (Bals.) Vuill.
one of these EPFs, is generally isolated from infected insects (Vega et al., 2008, Allegrucci et al., 2020), it is also
obtained from various soil types such as peat bogs, mountain soil and desert soil (Zimmermann, 2007). It is
reported that B. bassiana has 707 different hosts, including 521 genera, 149 families and 15 orders. B. bassiana
causes disease in the orders Lepidoptera, Coleoptera, Hymenoptera, Diptera, Hemiptera, Orthoptera,
Siphonaptera, Isoptera, Thysanoptera, Mantodea, Neuroptera, Dermaptera, Blattariae and Embioptera
(Zimmermann, 2007). Entomopathogenic fungi have many benefits, such as being effective in all development
stages of the insect, not creating resistance in pests, not being poisonous to mammals, controling in nature for a
long time, being applied together with insecticides, and being cheap and easy to apply (Sevim et al., 2015). For
these reasons, entomopathogenic fungi have a significant advantage in the control against harmful insects.

The objective of the present study was to evaluate the lethal effect of 1 x 108 conidia mL* concentration of
ET 10, BMAUM-M6-4, Bb 1 isolates of the entomopathogenic fungus B. bassiana against M. persicae under
laboratory conditions. Thus, it was discussed whether it is possible to use these EPF isolates within the scope of
integrated pest management.

MATERIALS AND METHODS

Production of pepper plants and Myzus persicae

Mostar green pepper cv (Capsicum annuum L.) from the Solanaceae family was used for host plant
production. Pepper seedlings obtained from a private company were transplanted into plastic pots (20 cm
diameter) containing a mixture of soil, perlite and peat (1:1:1) and transplanted. Then, these pots which the
pepper seedlings were planted in were kept in the growth chamber. No external fertilizer or pesticide application
was made during the growing of the seedlings. However, diseased and harmful seedlings were removed from the
plant growth chamber.

Aphids used in the experiment were grown on pepper plants in the plant growth chamber. Pepper leaves
containing M. persicae were propagated by transferring them onto pepper seedlings that had reached a certain
height and number of leaves. Fresh pepper seedlings were transferred periodically to ensure aphid stock culture.
The production of M. persicae individuals and pepper plants was carried out in the plant growth chamber
[25£1°C, 60+5% RH and photoperiod 16:8 h (L:D)] in the Entomology laboratory within the Department of
Organic Farming Business Management, Faculty of Applied Sciences, Pamukkale University.

Preparation of EPF isolates and spore suspensions

The EPF isolates of B. bassiana used in this study are given in Table 1. Three local isolates of B. bassiana
were obtained from different hosts and locations in Turkiye. All B. bassiana isolates were developed within the
dark at 25+1°C for 7-15 days and after that subcultured on potato dextrose agar (PDA-Difco). Conidia were
harvested from 7-15 days old entomopathogenic B. bassiana cultures by adding 10 mL of 0.01% Tween 20 to
cultures on agar plates (100 mm) and gently scraping the surface of the cultures with a sterile inoculating loop to
dislodge the conidia from the surface of the agar plates. Spor suspension was stirred by a magnetic shaker for 10
min. In order to calculate the spore density from the prepared suspension, a 1072 dilution was made and counted
with a Neubauer hemocytometer under light microscope, and spore suspensions with a density of 1 x 108 conidia
mL were prepared for each B. bassiana isolate (Fancelli et al., 2013).

Table 1. Fungal isolates, sources and locality of the EPF isolates used for bioassay study

Isolates Source Locality References

Beauveria bassiana/ ET 10 Sphenoptera antiqua Erzurum, Turkiye Tozlu et al. (2017)
Beauveria bassiana/ BMAUM-M6-4 Field soil Isparta, Turkiye Baydar et al. (2016)
Beauveria bassiana/ Bb 1 Forest soil Diizce, Tlrkiye Erdogan and Saglan (2023)

Application of B. bassiana isolates to M. persicae nymph

In the experiments, thinly cut sponge and sterile blotting paper were placed on the bottom of plastic Petri
plates (100 mm diameter). A pepper leaf was placed on the blotting paper and a ring (2 cm diameter) was placed
in the middle of this leaf, to which the aphids could be transferred. There was a ring in each Petri plate, and the
second stage nymphs of M. persicae were transferred into these rings under a binocular stereo microscope with
the help of a fine-tipped brush. By spraying method, spore suspensions of B. bassiana isolates (ET 10,
BMAUM-M6-4 and Bb 1) containing 1 x 108 conidia mL™* were applied to the transferred aphid nymphs with a
hand sprayer, 2 mL per petri plate. As a control, sterile distilled water containing 0.01% Tween 20 was sprayed
onto the second stage nymphs. Experiments were carried out with 10 replicates and 10 nymphs in each
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replication. Numbers of live nymph were recorded at 1%, 3, 5™ and 7" after spraying. The experiment was
carried out in a plant growth chamber with 25+1°C temperature, 60+5% RH, photoperiod 16:8 (L: D) conditions.

Statistical analysis

One-way analysis of variance (One-Way ANOVA) was applied to the data obtained after angle
transformation. The differences between the means were determined by the Tukey’s multiple comparison test at
the P<0.05 significance level (Tukey, 1949). Statistical analyzes were carried out with the SPSS® 20.0 package
program. in addition, LTso values were determined by the Probit analysis program (Throne et al., 1995).

RESULTS AND DISCUSSION

The mortality rates of ET 10, BMAUM-M6-4 and Bb 1 isolates of B. bassiana to second instar nymph of M.
persicae by spraying method are given in Figure 1. After applying ET 10, BMAUM-M6-4 and Bb 1 isolates of
B. bassiana, the differences between the mortality rates in M. persicae nymphs and the mortality rates in nymphs
in the control group on the 1%, 3, 5" and 7™ days were found to be statistically significant. On the first day after
application, the highest mortality rate recorded in the BMAUM-M6-4 isolate with 16%, followed by ET 10 and
Bb 1 isolates with a 12% mortality rate, and EPF isolates were statistically in the same group. The highest
mortality rates were detected in the Bbl isolate on the third and fifth days of application, with 64 and 95%,
respectively. BMAUM-M6-4 (50-67%) and ET 10 (41-59%) isolates followed the Bb 1 isolate, respectively.
EPF isolates were found to be statistically different in the 5" day counts. In the seventh day counts, a 100%
mortality rate was recorded for Bb 1 and ET 10 isolates, and a 99% mortality rate for BMAUM-M6-4 isolate,
and all EPF isolates were statistically in the same group (Figure 1). LTso values of ET 10, BMAUM-M6-4 and
Bb 1 isolates of B. bassiana applied to M. persicae nymphs exposed to 10 conidia mL™* concentration are given
in Figure 2. Percentage mortality rates increased with time after the application. LTs values for ET 10,
BMAUM-M6-4 and Bb 1 isolates were calculated as 3.62, 3.60 and 2.93 days, respectively.

The fungi causing pathogenecity in insects have been observed to cause mortality in insect pest populations
and therefore studied for their use as biological control agents (Hesketh et al., 2008; Freed et al., 2012). Studies
conducted on Beauveria, Metarhizium and Isaria spp. and some Lecanicillium spp. isolates were highly effective
on aphids (Hayden et al., 1992; Vu et al., 2007; Kim and Kim, 2008). The entomopathogenic fungi potential
against target aphid populations is different for different isolates and also varies from strain to strain. The study
showed that B. bassiana is effective for the control of aphids on different crops at different concentrations. As a
result of application of B. bassiana isolates 5493, JW-1 and GHA to the first instar nymphs of M. persicae,
mortality rates of 91%, 100% and 56% were recorded (Jandricic et al., 2014). In another study, 100% mortality
rate was recorded as a result of the application of B. bassiana isolate at a concentration of 1.0 x 108 conidia mL™*
to the third stage nymphs of M. persicae (de Loureiro and Moino, 2006). Berber and Birgticii (2020) recorded 98
and 92% mortality rates, respectively, nine days after treatment of second and third instar nymphs of M. persicae
with LD.2016 and M6-4 isolates of B. bassiana at a concentration of 1.0 x 108 conidia mLL. It is reported that B.
bassiana isolate applied at different concentrations throughout the study increased the percentage mortality value
depending on the dose increase. Seven days after treatment of M. persicae individuals with B. bassiana ART41
and ART2580 isolates, mortality rates of 92 and 98% were recorded, respectively (Lefort et al., 2014).A
mortality rate of over 80% occurred on the tenth day after the application of a dose of 107 conidia mL™* of the B.
bassiana isolate to M. persicae. In other studies, mortality rates of over 75% were recorded in adult M. persicae
adults exposed to Beauveria isolates (Hesketh et al., 2008; Shan and Feng, 2010; Tesfaye and Seyoum, 2010). In
another study, treatment of M. persicae individuals with Bb-72 and Bb-252 isolates of B. bassiana resulted in 91
and 95% mortality (Nazir et al., 2019). As a result of application of B. bassiana strains (Bb-202) (1.0 x 102 to
6.75 x 10° conidia mm?) to M. persicae individuals, 100% mortality was detected (Bugti et al., 2018). As a result
of another study conducted with the B. bassiana LPSC 1067 isolate, an increase in the mortality rate and a
decrease in the formation of new nymphs were recorded in M. persicae adult individuals (Allegrucci, et al.,
2020). LTso values of LD.2016 and M6-4 isolates of B. bassiana were 6.19 and 5.5 days, respectively at 108
conidi mL"* dose (Berber and Birgticli, 2020). Accordingly, the LTso values of 1 x 10%, 1 x 105, 1 x 107, and 1
x 108 conidia/mL™ concentrations of Beauveria bassiana strain 202 were calculated for M. persicae that were
determined as 5.2~8.24, in days (Bugti et al., 2018). Our results are parallel to the results obtained in previous
studies.
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mL*. Different lowercase letters represent statistically significant differences among mortality,
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Figure 2. The mean LTso values of ET 10, BMAUM-M6-4 and Bb 1 isolates of Beauveria bassiana applied to
Myzus persicae nymphs

CONCLUSION

As a result of the study, ET 10, BMAUM-M6-4 and Bb 1 isolates of B. bassiana showed an effect against M.
persicae from the 1%t day of application, and this effect reached 99-100% on the 7% day. According to the results
obtained from the study, the use of B. bassiana isolates in the control against M. persicae was found to be
promising. Entomopathogenic fungi are a suitable alternative to chemicals since they do not have any toxic
effects on mammals. However, efficacy trials need to be conducted with B. bassiana isolates under field and
greenhouse conditions. Under field conditions, 60-80% reduction in M. persicae population was recorded after
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the application of B. bassiana (CG-864 and PL-63) isolates (Filho et al., 2011). It is reported that relative
humidity of 90% and above in greenhouse conditions increases the activity of B. bassina (Shipp et al., 2003).
Additionally, temperature and other factors were found to be effective in the growth and speed of fungi (Orozco-
Awvitia et al., 2013). If these isolates are found successful in the studies, these isolates can be used in biological
control applications within the scope of an integrated pest management program against M. persicae.
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INTRODUCTION

As a component of climate change, maximum temperatures are becoming a significant problem in the
Mediterranean Region due to limited water availability and overheating in many areas (Cramer et al., 2018).
Moreover, in recent years, the European viticulture industry has encountered significant challenges due to the
adverse effects of climate change. Rising temperatures have adversely impacted grape cultivation and the
sustainability of viticulture (Fraga et al., 2020; Santillan et al., 2020). New scenarios on climate change worldwide
show that the rise in global greenhouse gas emissions is anticipated to result in a temperature increase beyond the
1.5°C threshold, thereby impeding efforts to restrict the temperature rise below 2°C beyond the year 2030 (IPCC,
2023). The elevated temperatures affect the growth cycle, including the flowering and ripening phase, which could
cause a decline in the production of fresh grapes, raisins (Teker and Soltekin, 2023), and wine quality (van
Leeuwen et al., 2019).

Previous studies in the Aegean Region, the western part of TUrkiye, one of the warmest parts of the country
where raisin production is prominent, have revealed that extreme temperatures during the flowering period and
weather fluctuations in a month (both low and high temperatures) cause berry-shattering problems on clusters
(Teker and Soltekin, 2023). Additionally, another study in the region has shown that sun exposure on berries can
lead to sunburn issues, particularly on the west side of the vine canopy in north-south (NS) oriented vineyards
during the hot summer afternoons (Teker, 2023). In light of these recent studies, it is evident that growers in this
region may face many problems over many seasons due to adverse climate events, thus requiring them to take
action.
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Late-season dehydration (LSDN) is a type of berry shrivel observed in some grape cultivars in the Aegean
Region (Teker and Altindisli, 2021) and is classified as a physiological disorder in grapevines (Krasnow et al.,
2010). As for raisin production, many growers prefer to prune canes with many winter buds on grapevines for the
following summer to obtain more clusters per vine, which leads to various problems. It sometimes triggers this
physiological disorder depending on cultural practices and irrigation conditions, especially during the hot season
for the Sultan 7 grape variety. Additionally, specific physiological responses of grapevines, such as stomatal
conductance and midday leaf water potential, may indicate stress conditions, particularly in overloaded grapevines
with excessive bud numbers. This problem could lead to dehydration of grape berries. The findings also suggest
that environmental conditions may have accelerated this condition in grapes with LSDN (Teker and Altindisli,
2021).

The present study examined the effect of utilizing a shading net and polyethylene covering material on the
temperature inside and outside the vine canopy. The study also investigated the effects on grape yield and quality
and the effectiveness of this approach in mitigating the emergence of LSDN berries. Therefore, the study aims to
investigate three primary questions: 1) How do partial shading and polyethylene covering materials influence the
vine canopy and LSDN symptoms in grape berries? 2) How do variations in the inside and outside temperature
values of vine canopies impact yield and quality? 3) Can partial covering of the vine canopy prevent sunburn
damage to grape berries?

MATERIALS AND METHODS

Plant material and experimental site

The experiment was carried out in the 2019 and 2020 growing seasons in a trial vineyard with six-year-old
vines (Vitis vinifera L. cv. Sultan 7) grafted onto 1103 Paulsen rootstock at the Viticulture Research Institute in
Manisa, Tirkiye (38° 37" North, 27° 24' East). The vines were planted with a spacing of 3.0 m X 2.0 m (row by
vine), and the row orientation was north and south. Vines were trained using a goblet system on a V-shaped trellis
with six wires and a cane pruning system positioned 100 cm above the soil surface, with approximately 18 buds
per eight canes (corresponding to around 150 buds per vine). The vineyard soil was characterized as clay loam,
moderately deep, and well-drained. A sub-surface drip irrigation system was installed at the experimental site.
Emitters with a nominal flow rate of 4 L h* were spaced at 50 cm intervals on the lateral drip lines. Irrigation for
all the vines in the study was started when water availability was reduced to 50% at an effective root depth of 0.90
meters. The irrigation period began with the berry set and continued until 15 days before harvest in 2019 and 2020.
The total amount of water, excluding rainfall, was approximately 97 mm m in 2019 and 118 mm m2 in 2020.

Climatic conditions and phenological observations

The climate in the study area is typical of the Mediterranean. A warm-temperate climate prevails at the
experimental site, with hot, dry summers and little rainfall (Teker and Altindisli 2021; Teker 2021). Mid-term data
(1991-2020) shows that the average annual precipitation and temperature for Manisa province were 724.6 mm
and 17.1°C, respectively (TMS, 2024). A weather station (iMETOS IMT280, Pessl Instruments, Weiz, Austria)
was used to record temperature (T) and precipitation (P) data at the experimental site. To record the phenological
development of grapevines, budburst, flowering, berry set, veraison, and harvest stages were determined using the
modified Eichhorn & Lorenz (EL) system (Coombe, 1995).

Experimental setup

A completely randomized design with three treatments and six replications in three blocks was used; all
treatments were assigned to each block. A guard row was left between treatments to eliminate shading effects on
the cluster zone. Before the experimental setup, six soil samples were collected along the row to determine soil
structure and composition differences. All soil samples showed similar results, and the slope of the field did not
differ significantly. Therefore, the experimental conditions were the same for all vines and treatments.

In this study, three treatments were arranged in the vineyard: (A) control, (B) with a 35% partial shading net
(PS), and (C) with a 35% partial shading net plus a plastic cover (PSP), positioned at 50 cm above the vine canopy
(Figure 1). For all treatments, except the control (Figure 1A), green artificial shading nets (UV-resistant) were
used at 35% for the shading cover, and transparent polyethylene (UV-resistant) was used for the plastic cover.
Between berry set and harvest, a 35% shade net was applied for both PS and PSP treatments (Figure 1B and 1C),
and for the PSP treatment, a plastic cover was also placed over the 35% shading net between veraison and harvest
(Figure 1C).
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C PS PSP

Control (uncovered) P shading net  (35% green net + plastic cover)
o green net)

Figure 1. An illustration of the applications used in the study.

Canopy microclimate

Microclimate measurements of the vines were conducted between berry set and harvest during the 2019 and
2020 growing seasons. Temperature (°C) was monitored using portable data loggers (HOBOware, UX-100-003,
Onset Computer Corp., MA, USA) at two sections of the canopies within each treatment: (1) above the canopy
and (2) inside the canopy, specifically within the vine foliage in the cluster zone. Data loggers were positioned 35
cm above the canopy in the control (air temperature), PS (under shading net), and PSP treatments (under shading
net and plastic cover film) to record temperatures (1). The others were installed 120 cm above the ground inside
the canopy for all treatments (2). Mid-term temperatures were evaluated during three specific periods: from July
16™ to July 31%, from August 1% to August 15", and from August 16™ until the harvest date (August 28™) for the
2019 season; and from July 23 to July 31%, from August 1% to August 15", and between August 16" and the
harvest date (September 04™) for the 2020.

Yield parameters

The vine yield (kg vine*) and the number of clusters per vine were recorded at harvest. The cluster weight (g)
was calculated by taking the per vine yield and dividing it by the number of clusters. To determine the berry weight
(9), samples of 100 berries were used. Additionally, 20 samples in each replicate were measured for berry length
(mm) and diameter (mm) using a digital vernier caliper (Mitutoyo Instruments. lllinois, USA).

Classification of harvested clusters

In this study, specific criteria were applied to classify grape clusters, considering their health and the presence
of certain conditions. Clusters without any damage on berries were categorized as "healthy clusters.” These clusters
were deemed optimal, exhibiting no visible damage or abnormalities affecting the berries. Additionally, we
identified clusters with berries that had suffered damage due to sunburn, which were distinctly labeled as "clusters
with sunburned (SN) berries.” Furthermore, we introduced a distinct category to address a different condition
observed in some clusters. Berries in the final and third classifications experienced a loss of water content without
being affected by sunburn. These clusters have been identified and classified as "late-season dehydration (LSDN)
clusters" (Krasnow et al., 2010; Teker and Altindisli, 2021). The clusters above were counted, and the percentages
of clusters in the total harvested clusters were calculated for each classification.

Statistical analyses

Statistical analyses were conducted using SPSS Statistics 21.0. software (IBM, Chicago, IL, USA). The
normality of the data was assessed with the Shapiro-Wilk test, and homoscedasticity of variance was checked
using Levene's test. The data was subjected to a two-way ANOVA to compare the means (p < 0.05). For canopy
microclimate hourly temperature values, differences in mean values among the treatments were calculated using
Duncan's Multiple Range Test.

RESULTS AND DISCUSSION

Weather conditions of the experimental site and phenological observations

The weather conditions at the experimental site during the growing seasons of 2019 and 2020 are depicted in
Figure 2. The graph illustrates the monthly minimum, mean, and maximum temperatures and the recorded rainfall
amount. During the 2020 growing season, temperatures were notably higher than in 2019. In the second year, there
was an increase in heat conditions. Throughout the 2020 growing season from June to September, it was observed
that temperatures surpassed critical thresholds of 40°C, 35°C, and 30°C on numerous occasions. More specifically,
there were 22 days with temperatures exceeding 40°C, 44 days with temperatures surpassing 35°C, and 22 days
with temperatures exceeding 30°C.

Based on the recorded rainfall data, a significant difference in the total precipitation between the two years of
the study was observed. The total precipitation recorded during the first year amounted to 777.4 mm, while the
figure for the second year was 533.2 mm. The experimental site recorded 196.4 mm of rainfall between March 1
and August 31% of 2020, significantly higher than the cumulative rainfall of 128.0 mm recorded over the same
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period in the previous year. During the summer of 2020, there was a significant lack of rainfall. The month of June
had 36.0 mm of precipitation, but the months of July and August did not experience any precipitation.

Regarding the phenological stages of grapevine, budburst (EL-4) was observed on March 26" and March 19t
in 2019 and 2020, respectively. In 2019, flowering (EL-26) occurred on May 16™, veraison (EL-35) on July 16™,
and the grape harvest based on grape maturity (EL-38) was achieved on August 28™. In the following year, 2020,
flowering occurred on May 18™, followed by veraison on July 20™. The harvest was completed on September 4™,
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Figure 2. Minimum (Min Temp,°C), mean (Mean Temp, °C), maximum (Max Temp, °C), and rainfall (mm)
values in the 2019 and 2020 growing seasons.

Canopy microclimate

Polyethylene covering material with shading nets on canopies in PSP treatment substantially increased the
outside temperature of grapevine canopies. In both study years, the temperature outside the canopies significantly
differed between the PSP and PS treatment and between the control (Figure 3A and 3B). Upon comparison with
the control, it was observed that an average difference of approximately +2.30°C to +2.93°C occurred in 2019,
and a difference of +3.18°C to +3.57°C was seen in 2020. This difference coincided with higher air temperature
values, particularly in the second year of the study. On the other hand, shading nets (35%) used in the PS treatment
also prevented an increase in outside canopy temperatures. It was found that there was no significant difference in
the temperatures recorded outside the vine canopy between the PS treatment and the control. However, the
temperature difference between the two experimental groups ranged from 0.5 to 1°C. In 2019, the mean
temperatures for the control group showed variability within the range of 27.44°C to 28.45°C, while shading
treatments displayed temperatures ranging from 26.36°C to 27.5°C. In the following year, temperature fluctuations
were noted between 28.24°C and 29.79°C for the control group, while the PS treatment showed temperature
variations between 27.81°C and 29.16°C (Figure 3A and 3B).

The findings indicate that the temperature inside the vine canopy significantly differs from outside in PSP
treatment. The grapevine foliage in the canopy provided cooling shade and played a significant role in regulating
the temperature. Applying partial shading net covers to vine canopies and leaving both sides of cluster zones open
significantly reduced temperatures inside the canopy due to improved air circulation, compared to outside
temperatures of the canopy, for PSP treatment. The temperature readings were lower in the control group and PSP
treatments, particularly in 2019. Nevertheless, the foliage within the canopy offered some shading, resulting in
temperature readings within the PSP treatment becoming more comparable to those in the control group.

Consequently, the temperature inside the PSP canopy was cooler than above the canopy when covered with
the materials. Although no statistical significance was observed on many measurement days, the PS application
caused a temperature difference ranging from 0.5°C to 1°C inside the canopy. Therefore, it was concluded that a
35% shading cover within the above vine canopy positively affected the microclimate temperature conditions
(Figure 3C and 3D).

Temperature records were taken outside the vine canopy during the warmest parts of the day (from 12:00 h to
16:00h) to determine the thermal effect of the PSP treatment, which involved using polyethylene covering material.
Our findings suggest that the PSP treatment had a significant thermal effect compared to the control group and PS
treatment. The temperature readings obtained from the PSP treatment indicate that the highest temperatures were
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recorded between 15:00h and 16:00h in the 2019 and 2020 growing seasons. Notably, in 2020, the peak
temperature reached 46.34°C, surpassing the previous year's highest temperature record of 43.85°C outside the
vine canopies (Figure 4A and 4B). In both years of our study, we observed a significant decrease in heat effect in
PS treatment. Therefore, our findings indicate that using shading nets resulted in a more pronounced reduction in
inside canopy temperatures compared to the control group (Figures 4C and 4D). It was determined that as the day
reached its peak temperature, the temperature variance between the control group and PSP gradually diminished.
This was considered due to the polyethylene covering utilized in the PSP treatment, which generates a temperature
effect. After analyzing the inside canopy temperatures over two years, it was observed that the control group and
PSP treatment had similar values.
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The present study has demonstrated that applying PS treatment has resulted in significant reductions in
temperature levels at specific time intervals, thereby providing convincing evidence of its effectiveness in
regulating the temperature inside the canopy. This study also found that the PS treatment could keep cooler canopy
temperatures during specific periods when the heat was at its peak, even though there was a decrease in temperature
difference between the PSP treatment and control group during the hottest hour of the day.

Yield parameters

The study results indicated that none of the treatments significantly impacted vine yield, number of clusters,
and cluster weight values over the years. The average cluster weights for the control group, PS, and PSP treatments
were 386.68 g, 416.43 g, and 398.72 g, respectively. However, berry weights were similar in the PS (1.74 g) and
PSP (1.72 g) treatments, while the control group (1.85 g) had the highest values statistically. In both years, the
control group consistently caused the highest berry diameter (12.37 mm) and length (15.45 mm) values. In the
second year of the study, it was noted that the cluster number value was lower than expected despite a high cluster
weight value. This difference was due to a high load per vine (150 buds per vine) during the first year, resulting in
decreased bud fertility and lower yield in the following year. The findings of this study are supported by another
study by Teker and Altindisli (2021). In addition, this study showed that shading covers, typically considered to
have a negligible impact on yield, can result in variations in berry weight, like in the previous study (Micciché et
al., 2023).

Table 1. Effects of uncovered (C), partial shading net (PS), and partial shading net + polyethylene (PSP) on yield
components of 'Sultan 7/ 1103P' grapevines®®.

Vine Yield Clust Cluster Weight Berry Weight Berry Diameter Berry Length
uster
(kg vine™) ® ® (mm) (mm)
- C 17.83 £ 2.36 53.11+5091 337.19 + 38.09 1.85+0.13 12.03+0.24 15.31+0.31ab
§ PS 18.38+2.21 50.65 + 7.45 394.66 + 32.74 1.77+0.15 1156+ 0.54 14.72 £ 0.72 bc
PSP 20.24 £ 2.63 57.26 + 6.83 373.95 + 36.30 1.74+0.18 11.19+0.37 1419+ 0.61c
- C 18.24 +2.89 43.01+6.38 436.18 +98.76 1.85+0.12 12.72+0.25 15.60+0.28 a
§ PS 19.54 +1.79 44.90 +4.01 438.21 +53.38 1.72 £ 0.06 12.26 +0.50 1544 +£0.59 a
PSP 19.12+2.98 45.63 + 4.35 423.49 + 83.22 1.70+£0.12 12.50+0.21 15.69+0.35a
= C 18.04 + 2.65 48.06 + 7.93 386.68 + 89.73 1.85+0.12 A 1237+ 042 A 1545+ 0.33 A
g g€ PS 18.96 +2.09 47.77 £ 6.26 416.43 +£49.34 1.74+0.12B 11.91+0.63B 15.08+0.75 A
PSP 19.68 +2.90 51.45+6.70 398.72+72.34 1.72+0.15B 11.85+0.72B 1494+0.90B
£ S 2019 18.82 +6.97 53.67 £ 2.57A 368.60 + 43.14° 1.78 £0.16 1159 +0.538 1474 +0.738
= < 2020 18.97+5.14 4451 + 2.66° 432.62 + 80.947 1.75+£0.12 12.49 + 0.39* 15.57 + 0.44
o T ns ns ns * * *
TE Y ns * * ns * *
A T*Y ns ns ns ns ns *

a\/alues in each column are indicated mean + standard deviations of the mean.
Pns shows non-significant; * indicates p value < 0.05
°T and Y indicate "Treatments' and 'Years', respectively.

There is a divergence of opinions concerning the influence of partial cover or shading applications on vine
yield. However, the reported studies do not present a universally applicable paradigm regarding the impact of
shading nets on vine yields (Pallotti et al., 2023). Some findings of previous studies indicate that there was no
statistically significant decrease in total yield in Cabernet Sauvignon grapevines when covered with a 60% shading
net at full fruit set, despite only a 10% decrease in yield (Martinez-Luscher et al., 2020). A study in Australia on
Syrah grapevines indicated no difference in total yield with a 62% shading capacity treatment (white cloth above
the canopy) compared to the control group (Caravia et al., 2016). Conversely, some studies claimed that covering
material like green or white net decreases the vine yield (Micciché et al., 2023).

On the other hand, some studies showed that shading covers exceeding 70% coverage on cluster zones are
positively correlated with an increase in marketable yield (Cataldo et al., 2022). Scafidi et al. (2013) found that
artificial shading increased berry weight in the Grillo cultivar. Findings in the present study indicate that the control
group yielded the heaviest berries while covering treatments such as PS and PSP decreased berry weight.

Healthy and unhealthy clusters

As part of the research, three groups of grape clusters were analyzed, and one of them was kept as the control
group while the other two were treated with PS and PSP. After the harvest, the results revealed that 58.1% of the
grape clusters in the control group were healthy, whereas 26.40% showed sunburn (SN) symptoms and 17.1%
displayed late-season dehydration (LSDN) symptoms (mean values of the years). According to the visual analysis,
72.5% of grape clusters in the PS group were found to be healthy, with 17.50% displaying SN symptoms and
9.02% showing LSDN symptoms. In contrast, the PSP group had 63.60% healthy grape clusters, while 19.6%
exhibited SN damage and 16.7% displayed LSDN symptoms (Figure 5). Therefore, the main effects of the
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treatments indicate that the PS treatment had the highest percentage of healthy clusters (72.50%), while the control
group (58.10%) and PSP (63.60%) had the lowest percentage in the same category, statistically.

Additionally, the PS treatment showed the lowest incidence of grape berries affected by LSDN (9.0%) in both
years. The study observed an increase in LSDN-affected berries in both the control group and PSP treatment. The
control group showed the highest percentage of berries affected by SN damage, while both the PS and PSP
treatments had similar SN damage levels, resulting in statistical grouping. In reviewing the data over the study
years, it is evident that the number of healthy clusters in all treatments decreased from the first year to the second
year. Similarly, there was an increase in clusters showing LSDN symptoms and SN damage. This variation can be
attributed to the warmer and drier weather in 2020.
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Figure 5. Comparison of uncovered, partially shading net (35%), and shading net (35%) + polyethylene (PSP) on
healthy clusters, sunburned (SN) clusters, and LSDN clusters in the total harvested clusters, as a percentage (%).
The uppercase values indicate statistically significant differences in treatments and study years (p < 0.05).

Previous studies showed that water loss in grape berries can be prevented by covering the cluster zone with
shading material, effectively preventing the shriveling of grape berries (Lobos et al., 2015; Caravia et al., 2016).
The quantity of berry dehydration was reduced by half when the Touriga Nacional vines cluster zone was shaded
after fruit set and veraison (Oliveira et al., 2014). Likewise, it was noted that shaded Cabernet Sauvignon clusters
exhibited significantly lower fruit damage and dehydration compared to exposed clusters (Martinez-Liischer et al.,
2020). As in these studies, the present study shows that PS treatment has a positive impact on reducing berry
dehydration, particularly in comparison with the control group.
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CONCLUSION

In recent years, Sultan 7 (Vitis vinifera L.) grapes have emerged as the preferred cultivar for seedless grape
production. The grape variety is favored for its high yield in the Aegean Region of western Tirkiye. However, the
cultivar is prone to late-season dehydration during its final growth stages of grape berries. Previous studies
indicated that this occurs because of an excessive cluster yield due to overloaded buds. Overloaded grapevines
may be more susceptible to adverse weather conditions during the summer, particularly when temperatures reach
38°C or higher. As a result of this condition, grape berries may lose their water content by the end of the season,
resulting in symptoms of late-season dehydration.

This research underscores the significance of preserving healthy grape clusters and shielding them from the
adverse impacts of air and vine canopy temperatures. Compared to the first year of the study, there was a 39.6%
decline in healthy clusters in 2020, the warmest year. Furthermore, there was a 12.2% rise in late-season
dehydration issues and a 28.0% increase in clusters affected by sunburn across all applications. These shifts were
linked to temperature factors, increasing late-season dehydration, and sunburn problems on grape berries. As such,
viticulturists must adopt adaptive strategies to mitigate the adverse effects of high temperatures and other
environmental stressors on vineyards.

Regulating optimal canopy temperatures, with particular attention to the vine canopy, is important to mitigate
late-season dehydration in grape berries. The findings of the present study will be valuable for future research on
exploring different ratios of shading materials exceeding 35%. Fully covered canopy systems may be more
effective in preventing grapevine berries from late-season dehydration symptoms than partial coverings. It is also
essential to assess the potential impact of covering the sides of the canopy (especially for cluster zones) to gain a
more comprehensive understanding and mitigate late-season dehydration symptoms.

Compliance with Ethical Standards

Peer-review

Externally peer-reviewed.

Conflict of interest

The authors declare no competing, actual, potential, or perceived conflict of interest.

Author contribution

TT conceived, designed, and performed the experiment; analyzed the data; wrote the paper. OS designed and
performed the experiment analyzed the data, and reviewed the article. ETO assisted with the measurements in the
experimental vineyard. All authors read and approved the manuscript.

Funding

This study was supported by the Republic of Turkey, Ministry of Agriculture and Food, General Directorate of
Agricultural Research and Policies, Ankara, Tirkiye (Project No: TAGEM/BBAD/B/19/A1/P6/1076).
Acknowledgments

The authors would like to thank the administration of Manisa Viticulture Research Institute, which is affiliated
with the Republic of Turkiye Ministry of Agriculture and Forestry, General Directorate of Agricultural Research
and Policies, for contributions.

REFERENCES

Cramer, W., Guiot, J., Fader, M., Garrabou, J., Gattuso, J. P., Iglesias, A., ... & Xoplaki, E. (2018). Climate change
and interconnected risks to sustainable development in the Mediterranean. Nature Climate Change, 8(11), 972-
980. https://doi.org/10.1038/s41558-018-0299-2

Coombe, B. G. (1995). Growth stages of the grapevine: adoption of a system for identifying grapevine growth
stages. Australian Journal of Grape And Wine Research, 1(2), 104-110. https://doi.org/10.1111/j.1755-
0238.1995.tb00086.x

Caravia, L., Collins, C., Petrie, P. R. & Tyerman, S. D. (2016). Application of shade treatments during Shiraz
berry ripening to reduce the impact of high temperature. Australian Journal of Grape and Wine Research, 22(3),
422-437. https://doi.org/10.1111/ajgw.12248

Cataldo, E., Fucile, M. & Mattii, G. B. (2022). Effects of Kaolin and shading net on the ecophysiology and berry
composition of Sauvignon Blanc grapevines. Agriculture, 12(4), 491.
https://doi.org/10.3390/agriculture12040491

Fraga, H., Molitor, D., Leolini, L., & Santos, J. A. (2020). What is the impact of heatwaves on European
viticulture? A modeling assessment. Applied Sciences, 10(9), 3030. https://doi.org/10.3390/app10093030

IPCC, 2023: Summary for Policymakers. In: Climate Change (2023). Synthesis Report. Contribution of Working
Groups 1, 11, and 111 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 1-34,
https://doi.org/10.59327/IPCC/AR6-9789291691647.001

509



Teker et al. Assessing the influence of partial canopy cover and temperature Int. J. Agric. Environ. Food Sci. 2024; 8(3): 502-510

Krasnow, M. N., Matthews, M. A., Smith, R. J., Benz, J., Weber, E., & Shackel, K. A. (2010). Distinctive
symptoms differentiate four common types of berry shrivel disorder in grape. California Agriculture, 64(3).
https://escholarship.org/uc/item/1931r74j

Lobos, G. A., Acevedo-Opazo, C., Guajardo-Moreno, A., Valdés-Gémez, H., Taylor, J. A., & Laurie, V. F. (2015).
Effects of kaolin-based particle film and fruit zone netting on Cabernet Sauvignon grapevine physiology and
fruit quality. OENO one, 49(2), 137-144. https://doi.org/10.20870/0eno-one.2015.49.2.86

Micciche, D., de Rosas, M. 1., Ferro, M. V., Di Lorenzo, R., Puccio, S., & Pisciotta, A. (2023). Effects of artificial
canopy shading on vegetative growth and ripening processes of ¢cv. Nero d’Avola (Vitis vinifera L.). Frontiers
in Plant Science, 14, 1210574. https://doi.org/10.3389/fpls.2023.1210574

Martinez-Luscher, J., Chen, C. C. L., Brillante, L., & Kurtural, S. K. (2020). Mitigating heat wave and exposure
damage to "Cabernet Sauvignon™ wine grape with partial shading under two irrigation amounts. Frontiers in
Plant Science, 11, 579192. https://doi.org/10.3389/fpls.2020.579192

Oliveira, M., Teles, J., Barbosa, P., Olazabal, F., & Queiroz, J. (2014). Shading of the fruit zone to reduce grape
yield and quality losses caused by sunburn. OENO One, 48(3), 179-187. https://doi.org/10.20870/0oeno-
one.2014.48.3.1579

Pallotti, L., Silvestroni, O., Dottori, E., Lattanzi, T., & Lanari, V. (2023). Effects of shading nets as a form of
adaptation to climate change on grapes production: a review. OENO One, 57(2), 467-476.
https://doi.org/10.20870/0eno-one.2023.57.2.7414

Scafidi, P., Pisciotta, A., Patti, D., Tamborra, P., Di Lorenzo, R., & Barbagallo, M. G. (2013). Effect of artificial
shading on the tannin accumulation and aromatic composition of the Grillo cultivar (Vitis vinifera L.). BMC
Plant Biology, 13, 1-11. https://doi.org/10.1186/1471-2229-13-175

Santillan, D., Garrote, L., Iglesias, A., & Sotes, V. (2020). Climate change risks and adaptation: New indicators
for Mediterranean viticulture. In: Mitigation and adaptation strategies for global change, 25(5), 881-899.
https://doi.org/10.1007/s11027-019-09899-w

Teker, T. (2021). Cumulative bioclimatic indices and climate data of recent years in some viticultural regions of
Turkey. In: Agricultural studies on different subjects. Ankara, 83-114.

Teker, T. & Altindisli, A. (2021). Excessive pruning levels in young grapevines (Vitis vinifera L. cv. Sultan 7)
cause water loss in seedless cluster berries. International Journal of Fruit Science, 21(1), 979-992.
https://doi.org/10.1080/15538362.2021.1964416

Teker, T. (2023). A study of kaolin effects on grapevine physiology and its ability to protect grape clusters from
sunburn damage. Scientia Horticulturae, 311, 111824, https://doi.org/10.1016/j.scienta.2022.111824

Teker, T. & Soltekin, O. (2023). Berry shattering phenomena in vineyards: The influence of maximum
temperatures during flowering period in an extreme year. Scientia Horticulturae, 321, 112278.
https://doi.org/10.1016/j.scienta.2023.112278

TMS, (2024). Turkish State Meteorological Service. Retrieved in April, 25, 2024 from
https://www.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-istatistik.aspx?k=H

van Leeuwen, C., Destrac-Irvine, A., Dubernet, M., Duchéne, E., Gowdy, M., Marguerit, E., ... & Ollat, N. (2019).
An update on the impact of climate change in viticulture and potential adaptations. Agronomy, 9(9), 514.
https://doi.org/10.3390/agronomy9090514

510



International Journal of
Agriculture, Environment and Food Sciences

e-ISSN: 2618-5946  https://dergipark.org.tr/jaefs

DOI: https://doi.org/10.31015/jaefs.2024.3.4 Int. J. Agric. Environ. Food Sci. 2024; 8(3): 511-520
The effects of mixes of peat and olive pomace at various ratios on the vegetative
growth of potted grapevine saplings

Mehmet ilhan Odabasioglu* Ebru Sakar 2

!Department of Horticulture, Agriculture Faculty, Adiyaman University, Adiyaman, Tiirkiye
2Department of Horticulture, Agriculture Faculty, Harran University, Sanlrfa, Tiirkiye

Article History Abstract
Received: May 29, 2024 . . ane q
Revised: July 10, 2024 Numerous studies have been conducted in order to utilize the olive
Accepted: July 12, 2024 i i i i i
Publihed Orine: auly 31, 2024 pomace, the S:O|Id waste Ie_ft over from_ the oil processing of olives, wr_uch
Final Version: September 29, 2024 is widely cultivated, especially in Mediterranean countries, and to consider
Article Info it a raw material that has added value instead of being considered waste.
Article Type: Research Article Some of these research are focused on establishing the re-utilization of
sriile Subject: Oenology and olive pomace in agricultural production. Although some studies have
reported that olive pomace can be utilized as fertilizer, soil improvement
Corresponding Author regulator, solid media culture, and even mulching material, this study was
Mehmet Ilhan Odabasioglu q aq a o
&4 milhanodabasioglu@gmail.com carried out due to the lack of sufficient scientific data on whether or not

this material can be used as a growth medium in the cultivation of potted

grapevine saplings. The study was carried out by growing ungrafted

grapevine saplings of Vitis vinifera L. cv. Hatun Parmagi on media with

peat and olive pomace at different ratios for six months, and then some

vegetative growth parameters were examined. Due to the elevated olive

pomace ratios in the growth medium, shoot and root growth of the

grapevine saplings were restricted. The chlorophyll index and root fresh

weight decreased dramatically when more than 25% (v/v) and 20% (v/v)

crude pomace were available in the growth medium, respectively.

Moreover, the availability of olive pomace in the medium significantly

reduced shoot length, number of leaves, shoot weight, and leaf weight of

Available at grapevine saplings, regardless of the amount _of olive pomace. Howe\_/e_r, it
hups:/idergipark.org tjaets/issuessssenaonzss. Was found that 15% (v/v) or less of crude olive pomace could be utilized
DergiPark in growth medium mixtures when growing potted grapevine saplings;
however, higher ratios would prevent the saplings from attaining
oNoke marketablt_a quality. _While _designing new stL_Jdies, examining different
e grape varieties, fruit species, and lower olive pomace ratios would

This article is an open access article distributed

under the terms and conditions of the Creative cONtribute to new and more comprehensive findings on the utilization of

Commons Attribution-NonCommercial

(CC BY-NC) 4.0 International License. olive pomace in growing potted saplings.
Copyright © 2024 by the authors. Keywords: Olive Waste, Growing Media, Vitis vinifera L., Potted Sapling

Cite this article as: Odabasioglu, M.1I., Sakar, E. (2024). The effects of mixes of peat and olive pomace at various ratios on the vegetative
growth of potted grapevine saplings. International Journal of Agriculture, Environment and Food Sciences, 8(3), 511-520.
https://doi.org/10.31015/jaefs.2024.3.4

INTRODUCTION

Nowadays, research on the re-utilization of organic wastes left over from agricultural production and
processing of agricultural products in agriculture and industry branches has been concentrated worldwide due to
its economic contribution and the opportunity to save the cost of storage and the space allocated for storage
(Taurisano et al., 2014; Obi et al., 2016; Harshwardhan and Upadhyay, 2017; Duque-Acevedo et al., 2020). Some
of the studies on the re-utilization of agricultural wastes are carried out to establish whether they are eligible for
re-utilization in agricultural production (Koul et al., 2022). The literature contains many studies reporting that
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plant wastes can be re-utilized as feed, fertiliser, soil conditioner, seedling and sapling growth medium (El-Mashad
et al., 2003; Gruda, 2019; Sharma et al., 2019; Adegbeye et al., 2020; Raza et al., 2022; Lason-Rydel et al., 2022).
Some of these studies have shown that the waste material utilized can be re-utilized in crop production due to its
organic structure, richness in minerals, and rapid dissolution qualities. Indeed, the prerequisite for successful plant
cultivation is the provision of the environmental conditions required by plants. As well as climatic conditions, the
presence of sufficient, balanced, and absorbable minerals in the plant root is highly important for growing healthy
plants (Marschner, 1995; Agaoglu et al., 2010; Kog et al., 2021). In recent years, studies on the possibility of using
low-cost organic materials free from diseases and pests in this production model have increased with the effect of
the widespread use of soilless agriculture (Carlile et al., 2015; Chrysargyris et al., 2021; Gruda, 2022).
Furthermore, the global depletion of peat and perlite reserves, extensively utilized in soilless cultivation, and the
emergence of waste issues in materials such as rock wool and glass wool make it necessary to identify alternatives
that can be utilized in solid media culture (Dénmez et al., 2016). Here, agricultural wastes come out as highly
potential products. Indeed, many agricultural wastes (cocopeat, paddy husk, etc.) are currently utilized in soilless
agriculture, and new materials alternative to them have been searched (Carlile et al., 2019; Altun, 2024).

Olive pomace—one of the organic wastes that can be reutilized in agricultural production— contains high
amounts of phytochemical compounds and minerals that are released during the extraction of oil from olives
(Buono et al., 2011; Chrysargyris et al., 2023). Despite the long dissolution process, the composition of the
minerals it contains has led researchers who study in the world’s leading olive oil producer countries to research
whether olive pomace can be utilized in plant production or how it can be utilized (Ameziane et al., 2020;
Boutasknit et al., 2020; Regni et al., 2020; Tuzel et al., 2020; Alma and Sdylemez, 2022). Indeed, it has been
estimated that in Turkiye alone, approximately 2 million tons of olives were processed into olive oil in 2022, and
it has been suggested that 35-40% of the olives processed into oil, i.e., 700-800 thousand tons of crude olive
pomace, was generated as waste (Albayrak, 2023; Kic1 and Saltan, 2020). When a similar calculation is made over
the amount of oil olives produced worldwide (approximately 20 million tons per year), it appears that
approximately 7-8 million tons of olive pomace are released as waste (Anonymous, 2022). Reintroducing large
quantities of organic waste material into production is crucial. It has been considered that the use of olive pomace
in plant production would allow access to a low-cost raw material, and the special fields allocated for the storage
of this material could be utilized for different purposes (Alkhalidi et al., 2023; Muezzinoglu, 2023; Enaime et al.,
2024). Some studies have found that the high polyphenol content in olive pomace causes phytotoxicity in plants
and therefore inhibits plant growth (Omer and Mohamed, 2012; Pinho et al., 2017; Ladhari et al., 2021). On the
other hand, it has been found that the application of olive pomace compost improves both the physical properties
of the soil and increases the organic matter content and has positive effects on the development of plants due to
the partial loss of polyphenols contained in the olive pomace during the composting process (Baddi et al., 2009;
Ouzounidou et al., 2010). However, the finding that different plant wastes (hazelnut husk, tomato compost, tea
compost, mushroom compost, tobacco dust compost, apple compost, grape compost, etc.) can be used as a growth
medium in seedling-sapling production (Kiitiik et al., 1995; Durukan, 2004; Aydin and Demirsoy, 2020; Akay et
al., 2021; Cicek and Yiicedag, 2021; Kartal and Gebologlu, 2023) has led to the suggestion that olive pomace
should also be investigated for use in different plant species for such purposes. Moreover, the number of the studies
in the literature on whether olive pomace can be used in the production of potted fruit saplings is quite limited.
This study, which was carried out to contribute to the literature in this field and to determine the possibility of
using olive pomace in the cultivation of potted grapevine saplings, examined the vegetative growth of saplings of
the Hatun Parmag1 grape variety in different peat-olive pomace mixtures.

MATERIALS AND METHODS

Material

This study was carried out in 2021 using the experimental fields of the Agricultural Practice and Land
Management and Research Center (ADYUTAYAM) at Adiyaman University, the laboratories of the Science and
Technology Practice and Research Center (HUBTAM) at Harran University, and the Faculty of Agriculture at
Adiyaman University. The study utilized 1-year-old ungrafted (own-rooted) open-rooted saplings of the Hatun
Parmag grape variety as plant material. The climatic data of the experimental field where the grapevine saplings
were grown during the study were acquired from the climate station (Metos, Pessl Instruments, Austria) and
presented in Table 1.

To determine the usability of pomace, a solid organic waste left over from olive oil production, in the
production of potted grapevine saplings, some physical and chemical properties and plant nutrient contents of
pomace supplied from the Ebrulim olive oil factory at Harran University were identified through analyses done in
the Science and Technology Practice and Research Center at Harran University (HUBTAM). The analysis results
showed that the olive pomace used in the study contained dry matter of 31.07%, fixed fat of 5.96%, and nitrogen
of 1.09% (Table 2).

In addition to this, the olive pomace used in the study contained 704.9 ppm potassium, 212.0 ppm calcium,
6.302 ppm iron, and 60.15 ppm magnesium (Table 3).
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Table 1. Some climatic data from the experimental field where grapevine saplings were grown

Months Ave. Temperature Ave. Max. Temp. Ave. Min. Temp. Total Precipitation
Q) Q) (¢C) (mm/da)

April 17.0 317 3.6 1.8

May 24.6 37.6 121 14.4

June 27.2 39.4 15.9 0.2

July 325 41.7 213 -

August 32.0 41.7 22.0 4.0
September 26.0 37.0 13.8 -

October 20.2 324 11.6 20.6

Table 2. Some physical and chemical properties of the pomace used in the study

Ash Oil Dry Matter N C H S
(%) (%) (%) (%) (%) (%) (%)
5.09 5.96 31.07 1.09 46.03 6.58 4.86

Table 3. Some nutrient content of pomace used in the study

P K Fe Ca Cu Mg Zn Mn
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0.239 704.9 6.302 212.0 0.731 60.15 0.692 0.554

Since the amount of plant nutrients contained in pomace is relatively low compared to other widely utilized
growing materials and their dissolution rates and intake from the root medium by the active and passive transport
of plants are predicted to be slow, this study did therefore not use pomace alone as a rooting medium but examined
different ratios of peat-olive pomace mixtures. The peat used in this study was TS-1-type peat produced by
Klasmann-Deilmann (Klasmann-Deilmann, Potground H, Germany). Table 4 shows the compositions of different
mediums of peat-olive pomace mixture prepared for grapevine sapling cultivation in this study. A growth medium
containing 100% peat was used as a control group, and the other growth media were prepared by gradually
increasing the olive pomace content.

Table 4. Peat-olive pomace mediums, the effects of which were examined in the study

Growing Media Mixing Ratio (v/v)
Control 100% Peat
6P-10P 85% Peat + 15% Olive Pomace
4P-10P 80% Peat + 20% Olive Pomace
3P-10P 75% Peat + 25% Olive Pomace
2P-10P 67% Peat + 33% Olive Pomace
1P-10P 50% Peat + 50% Olive Pomace
1P-20P 33% Peat + 67% Olive Pomace
Method

Before moving the saplings to the prepared rooting medium, the roots were pruned to cut off 70% of them.
Also, the strongest shoot on the saplings was pruned over 2 buds, and the other shoots were cut off from the bottom
and removed. Saplings were planted on 12/04/2021 in 5-litre black rubber tubes containing different growth
medium mixtures (Figure 1a). The tubes were punched with an equal number of holes at the same locations to
provide ventilation and drainage of excess water. In order to examine the effects of growth medium, the study was
carried out according to a randomized block design with 4 replicates. A total of 84 potted grapevine saplings were
investigated in the study. After planting, saplings were irrigated until the tubes were saturated with water (Figure
1b).
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Figure 1. Planting the saplings in tubes (a), irrigating the saplings (b), setting up the experimental plots (c), and a
view of the saplings with single-shoot (d)

During the growth period, the saplings in all growth media were irrigated simultaneously, and periodically
sprayed, weeded, and carried out other care practices. In May, saplings were forced to develop a single shoot by
leaving the one with the best growth strength on the sapling and taking out the others from the bottom (Figure 1d).
In order to prevent the formation of shoots other than the single (main) shoot left on the saplings during the
experiment, the saplings were periodically checked, and fresh shoots were cut off when they were just beginning
to shoot.

The chlorophyll index in the sapling leaves was determined by SPAD-502 (Konica Minolta Sensing, Inc.,
Japan) just before the saplings were uprooted in October (Erdogan et al., 2018). Chlorophyll measurements were
made on three mature leaves of all saplings in each growing mixture. Subsequently, saplings were uprooted, and
the number of leaves was identified (Kara and Fakhar, 2020). Then shoot lengths of the saplings were measured
with a tape measure (Kamiloglu and Giiler, 2014). Total fresh weight of leaves , totalfresh weight of shoots, and
total fresh weight of roots were measured with precision balance. Then, leaf, shoot and root samples were packaged
separately and dried in a drying oven at +65 °C for 72 hours, and their dry weights were determined on a precision
scale after drying (Miiftiioglu et al., 2006; Tungel and Dardeniz, 2013; Giines, 2015; Cangi and Etker, 2019). The
analysis of variance was run to the results using the Minitab version 18.0 program and the differences between the
means were determined through Tukey multiple comparison test.

RESULTS AND DISCUSSION

The physical structure, chemical content, and mineral content of olive pomace used in the preparation of growth
medium for grapevine saplings in this study are similar to the findings of researchers investigating this material
previously (Dermeche et al., 2013; llay et al., 2013; Kara et al., 2022).

Table 5 presents the findings on the effects of growth media of different peat-olive pomace mixtures on shoot
length, leaf number, and chlorophyll index of Hatun Parmagi grape variety seedlings in this study, in which the
effects of olive pomace on the development of potted grapevine saplings were examined. According to the
findings, the longest shoots were formed in the control (100% peat) group. The shoot lengths of the saplings
decreased (p<0.01) due to the increase in olive pomace rate in the growth medium mixtures examined. Similarly,
the saplings in the control group, the only growth medium without olive pomace, yielded better results for the leaf
number. However, regardless of the amount of olive pomace added to the growth medium, the presence of olive
pomace in the medium had a statistically similar effect on the leaf number of grapevine saplings and there were
dramatic decreases in the leaf number of saplings (p<0.01). The highest values in terms of chlorophyll index in
the leaves of grapevine saplings were recorded from the control group, but the saplings in this group and the
saplings grown in 6P-10P, 4P-10P, and 2P-10P media were statistically (p<0.01) in the same group. The saplings
grown in the 1P-20P medium had the lowest chlorophyll index.

Table 6 shows the effects of the growth medium of different peat-olive pomace mixtures on the fresh weight
of shoots, fresh weight of leaves, and fresh weight of roots of grapevine saplings. Accordingly, the highest values
in terms of the fresh weight of shoots were recorded in the control group, while the lowest values were recorded
in the 1P-20P medium. Although the medium containing pomace was in the same statistical group in terms of the
fresh weight of shoots, the shoot development of the saplings was significantly limited due to the increase in the
amount of olive pomace. It was found that a mixture ratio of 85% peat and 15% olive pomace was the best for
using olive pomace in the growth of potted grapevine saplings to promote shoot development. Hence, the analysis
of the fresh weight of leaves revealed that the control group had the highest value, followed by the 6P-10P group.
It is quite remarkable that Control, 6P-10P, and 4P-10P were in the same statistical group for the fresh weight of
the root. These growing mediums caused heavier roots to form in grapevine saplings compared to the other growth
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media examined in the study (p<0.01). 1P-10P and 1P-20P media resulted in saplings with lower values than the
other mediums in terms of all three parameters.

Table 5. Effects of peat-olive pomace medium on shoot length, leaf number, and chlorophyll index of grapevine
saplings

. . Shoot Length™ Leaf Number™ -
Growing Media (cm) (count/sapling) Chlorophyll Index
Control 73.50 £ 6.76° 162.5 + 56.12 4129 +£1.432
6P-10P 47.00 + 7.44° 80.3 +28.1° 37.61 £ 2.25°
4P-10P 41.75 +9.07 49.0 +10.4° 37.38 £2.90?
3P-10P 41.38 +11.18 535+ 31.0° 36.53 + 0.87%
2P-10P 43.25 + 4.50° 49.0 £22.2° 37.68 £1.832
1P-10P 26.75 + 5.01¢ 470+ 15.7° 31.38 + 0.90
1P-20P 14.35 + 2.47¢ 53.7+8.8° 29.63 + 3.92¢

**: There is a statistically significant (p<0.01) difference between the mean values in the same column.

Table 6. Effects of peat-olive pomace media on the fresh weight of shoots, leaves and roots of grapevine saplings

Growing Media Shoot Fre(sh) Weight™ Leaf Fres(h )\Neight** Root Fresh(V\)/eight**
g g g

Control 29.12 + 8.342 71.64 +11.282 71.84 +14.832
6P-10P 11.31 +£3.42° 41.44 +8.38P 72.30 £ 6.05?
4P-10P 6.85 + 1.54° 28.68 + 3.71%¢ 77.76 £8.20%
3P-10P 7.13 +3.90° 28.30 + 11.520¢ 53.35 + 3.77%
2P-10P 7.26 +1.25° 25.95 + 2.78b 53.05 + 18.74%
1P-10P 3.87 +0.64° 18.80 + 3.21° 35.41 +9.75°
1P-20P 3.95+0.37° 15.40 + 3.40° 28.71 + 6.20°

**: There is a statistically significant (p<0.01) difference between the mean values in the same column.

Table 7 presents the results for the changes in the dry weights of shoots, leaves, and roots of ungrafted
grapevine saplings according to the growth medium. The results showed that the saplings with the highest values
for the dry weight of shoots were grown in the control medium, and the ones with the lowest values were grown
in the 1P-10P medium. However, the saplings grown in 1P-10P and 1P-20P media were in the same statistical
group for the dry weight of shoots, and they differed from the saplings grown in the other studied medium with
respect to this characteristic (p<0.01). Similar to the dry weight of shoots, the highest values for the dry weight of
leaves were recorded in the saplings grown in the control medium, and the lowest values were recorded in the
saplings grown in the 1P-20P medium (p<0.01). Moreover, the saplings grown in 3P-10P, 2P-10P, 1P-10P, and
1P-20P media were statistically similar in terms of the dry weight of the leaves. Depending on the olive pomace
ratio in the growth medium, the dry weight of the roots of grapevine saplings varied. Unlike the fresh weight of
the root, the dry weight of the root values showed that the saplings grown in the 6P-10P medium yielded higher
values compared to those grown in the other growth media, and they differed according to this characteristic.
Additionally, grapevine saplings grown in 1P-10P and 1P-20P media were statistically in the same group for the
dry weight values of roots and had lower values than the mixture of other mediums analyzed.

Table 7. Effects of peat-olive pomace media on the dry weight of shoots, leaves, and roots of grapevine saplings

Growing Media Shoot Dr(yé)Weight** Leaf Dr{g\)Neight** Root Drz/g\)Neight**
Control 9.43 £2.322 2211 £ 2.462 16.89 * 3.44%
6P-10P 449 +1.12b 14.12 +2.13° 19.44 + 2,612
4pP-10P 2.65 + 0.42 9.74 £ 1.11% 17.06 + 0.98%
3P-10P 2.59 + 1,295 9.32 £3.61°¢ 11.31 + 2.32"¢
2P-10P 2.64 + 0.63% 8.56 + 1.52¢ 11.51 + 4.90°
1P-10P 1.34 +0.25° 6.30 + 1.25°¢ 9.30 + 2.80°
1P-20P 1.49 +0.14° 5.21+1.07° 7.05 + 1.62°

**: There is a statistically significant (p<0.01) difference between the mean values in the same column.

llay et al., (2013) reported that the presence of olive pomace in sunflower and bean growth media, regardless
of the amount, greatly inhibited plant growth (plant height, leaf number, fresh and dry weight). Rahil et al., (2021)
determined that 100% olive pomace medium was not suitable for use in cucumber and eggplant cultivation due to
its high salt concentration and low acidity, but if olive pomace was mixed with peat moss at a ratio of 1:1, it did
not adversely affect plant growth and productivity. Varol et al., (2020) found that if olive pomace compost was
used in olive sapling production, it would improve the macro- and micro-element content of the saplings. Kamel
(2023) found that olive pomace treatment of lettuces grown in loamy soil conditions improved the fresh weight
(yield), head width, and leaf number of the lettuces. In olive orchards, Camposeo and Vivaldi (2011) found that
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the mulching of defatted olive pomace affected the canopy development of trees positively, while Nasini et al.
(2013) found that the treatment of olive pomace as a soil conditioner positively affected the canopy development
of trees. In contrast to short-term laboratory incubations, Innangi et al., (2017) found that soil organic matter
coverage and biological activity improved when long-term studies were carried out on olive pomace-treated soils.
On the other hand, Proietti et al., (2015) reported that olive pomace has a strong phytotoxic effect on plants, and
this effect diminished after the composting process. Indeed, Alma and S6ylemez (2022) reported that the presence
of 5% (v/v) crude olive pomace in the growth medium restricted the growth of pepper seedlings (plant height, leaf,
dry weight of leaves and roots, chlorophyll index) and decreased the vegetative growth parameters of plants with
higher pomace content. Papafotiou et al., (2004) found that the height, dry weight of roots, number of bracts and
the number of nodes where the first bract was formed reduced as the proportion of olive pomace compost gradually
rose in peat-olive pomace compost medium in which rooted shoots of Euphorbia pulcherrima were grown. On the
other hand, Ceglie et al., (2011) reported that composted olive pomace can be an alternative growth medium to
peat for tomato seedlings. The findings of the present study are compatible with the findings of the researchers,
who found that the vegetative growth of plants would be negatively affected if raw olive pomace was utilized in a
seedling-sapling growth medium.

Table 8 presents the coefficients determined by running Pearson’s correlation test on the results related to
vegetative growth parameters of grapevine saplings grown for 5 months in growth media created by using peat
and olive pomace at different ratios and the findings on their statistical significance under the study. The findings
showed that all vegetative growth parameters were positively correlated with each other and statistically significant
at the significance level of 1%. Additionally, the highest correlation coefficient (r = 0.994) was found between the
leaf fresh weight (LFW) and the leaf dry weight (LDW). The lowest correlation coefficient (r = 0.382) was found
between leaf number (LN) and the root fresh weight (RFW). In general, the detection of statistically significant
and positive correlations between the vegetative growth parameters of grapevine saplings indicates that the
reliability of the study findings from growth media of peat-olive pomace mixture at different ratios examined
hereunder is also high. Indeed, different studies have found strong positive correlations between the leaf number
of grapevine saplings and their root length, between leaf surface and leaf weight, and between the length of the
mother shoot and the internode number (Isci et al., 2019; Demirova, 2023; Atak and Corak, 2024).

Table 8. Correlations between some growth parameters of grapevine saplings grown on medium with different
ratios of peat-olive pomace mixtures

LN Cl SFW LFW RFW SDW LDW RDW
SL 0.673™ 0.786™ 0.796™ 0.832™ 0.681™ 0.833™ 0.836™ 0.589™
LN 0.513" 0.846™ 0.846™ 0.382™ 0.860™ 0.823™ 0.387*
Cl 0.582™ 0.639™ 0.712™ 0.601™ 0.655™ 0.623™
SFW 0.967" 0.483™ 0.987* 0.943™ 0.463"
LFW 0.580" 0.983™ 0.994™ 0.576™
RFW 0.536™ 0.610™ 0.926™
SDW 0.968™ 0.529™
LDW 0.618™

Abbreviations: SL: shoot length; LN: leaf number; CI: chlorophyll index; SFW: shoot fresh weight; LFW: leaf fresh weight; RFW: root fresh
weight; SDW: shoot dry weight; LDW: leaf dry weight; RDW: root dry weight
**: Pearson’s correlation coefficient was statistically significant (p<0.01).

Almost all of the studies in the literature found that the presence of crude pomace in the growth media
negatively affected the vegetative growth of plants, although the examined plant species were different. However,
the findings by Pinho et al., (2017), who reported that the physical and phytochemical content of olive pomace
generated as waste from olive mills varied according to the extraction method of olive oil (2 phase-3 phase),
suggest that it is necessary to take into consideration that the phytotoxic effects of olive pomace, which is planned
to be used in the growth medium, may vary depending on the extraction method. Furthermore, the findings of the
researchers who have reported that olive pomace composts contain relatively low amounts of polyphenols after
the composting process, and therefore their phytotoxic properties are largely lost, indicate that olive pomace
compost can be added to plant growth media (Altieri and Esposito, 2010; Karaca et al., 2015). Findings of the
present study are compatible with the findings of other studies, which have reported dramatic reductions in the
leaf number, shoot-stem length, biomass, root weight, chlorophyll content of leaves, and similar growth parameters
of plants with a higher crude olive pomace content in growth media. However, since both crude olive pomace and
pomace compost can have varying effects on plant growth, even at a limited level, it is necessary to conduct trials
before production to determine the effects of these materials on the plant species and variety planned to be
cultivated, as well as the most appropriate dose and rate of use.
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CONCLUSION

This study, which was conducted to determine the potential for the reutilization of olive pomace, showed that
the growth of grapevine saplings transferred to the growth medium to which olive pomace was added was limited,
and their vegetative growth was significantly inhibited upon the increase in the amount of olive pomace added to
the medium. Almost all the analyzed vegetative growth parameters showed that the control (100% peat) medium
yielded better results than the other media. Additionally, it was determined that 6P-10P (85% peat and 15% olive
pomace) medium can be practically used for the marketability of potted grapevine saplings, a traded agricultural
product. On the other hand, it was concluded that the addition of more than 15% olive pomace by volume to the
growth medium of saplings was not eligible as it would cause negative effects on the vegetative growth of
grapevine saplings and there would be problems in the marketing of those saplings. Furthermore, finding of the
present study that the presence of proportionally low amounts of pomace in the growth medium of saplings may
have a positive effect on the root dry weight may be due either to the storage of some of the phytochemicals
contained in olive pomace by the grapevine saplings in their own roots to alleviate the stress factor in the root
medium or to the transport to the roots of some compounds synthesized in order to regulate such a condition in the
plant due to the inhibition of the uptake of one or more of the plant nutrients in the root medium by these
compounds. However, it is necessary to establish similar experiments once again and to do more comprehensive
chemical and biotechnological analyses in order to confirm the validity of these two hypotheses. Indeed, the
findings that vegetative growth of grapevine saplings were limited or even diminished with the increase in the
amount of olive pomace in the root medium may be due to the low tolerance of the grape variety (Hatun Parmag)
used as plant material in the study to some phytochemical compounds contained in pomace, or it may be due to
the sensitivity of grape varieties belonging to the species Vitis vinifera L. to the presence of these phytochemical
compounds in the root area. Further research on the use of other cultivated grapevine species and cultivars as plant
material would contribute to a more comprehensive evaluation of the findings of this study on the use of olive
pomace in the cultivation of potted grapevine saplings.

Consequently, the findings of the study indicate that olive pomace can be utilized in the preparation of root
medium in the cultivation of grapevine saplings at volumetric ratios of 15% and below. Such use would not only
allow the waste material generated in olive oil processing facilities to be reutilized but also reduce pollution
occurring in nearby olive oil processing facilities.
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INTRODUCTION

The acceleration of the production-based economy in the world in the last quarter, together with the progress
in science and technology, also accelerated the growth of the textile industry. Due to this rapid growth, dye-based
pollution has become a serious environmental problem faced by many developing countries (Ngoc Hoang et al.,
2021; Zhao et al., 2019). Synthetic textile wastewater, which contains dyes and has a complex aromatic ring
molecular structure, causes harmful effects on the environment and humans, such as allergies, cancer, irritation
and even mutations (Du et al., 2011). CV dye, which is included in this toxicological dye group, is a cationic
triphenylemethane dye that is widely used in many areas such as textile colorant, paper dye and biological dye
(Kulkarni et al., 2017). The presence of the dye in the aquatic ecosystem disrupts the photosynthetic activity of
water and affects the fauna and flora of water bodies causing ecological imbalance. For this reason, dye wastewater
must be treated before being released into the aquatic ecosystem (Rehan et al., 2023). Therefore, in order to prevent
further degradation of the natural ecosystem and protect public health, there is a great need to develop an effective
approach to remove dye wastewater prior to discharge into the aquatic ecosystem (Kubra et al., 2021).Removal of
azo dyes from wastewater is a major challenge because these dyes have a resistant and complex structure that
makes them durable for long periods of time. Thanks to these structures, they are thought to be electron-deficient
xenobiotic compounds that are resistant to degradation (Cheruiyot et al., 2019). Many methods such as
flocculation, coagulation, membrane filtration, chemical oxidation, ion exchange, electrolysis and reverse osmosis
are used for dye removal from aquatic environments (Yagub et al., 2014). In addition to these methods, the
adsorption method is one of the most widely used methods in dye removal from aqueous solutions. (Moosavi et
al., 2020).Recently, bio-supported production of nanostructured materials (plants, etc.) by researchers has stood
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out as environmentally friendly methods that play an important role in minimizing pollution (Rahmat et al., 2023).
Physical, chemical or green synthesis (biological methods) methods are used in the synthesis of nanomaterials.
However, physical and chemical processes can produce both expensive and toxic products. For this reason, green
nanobiotechnology method is frequently used in the production of nanomaterials (Nikam et al., 2022).
Nanoparticle-based adsorbents have shown great success in removing dye wastes from aqueous solution due to
high surface area, nanoscale size, and chemical composition, among other physical and chemical characteristics
(Mashkoor et al., 2020). Therefore, in this study, selenium nanoparticles (PaL-Se NP) were synthesized from
agricultural Prunus avium L. (PaL.) waste and crystal violet (CV) dye was removed. In batch adsorption tests, the
effects of pH, adsorbent amount, time, initial concentration and temperature were investigated, and kinetic and
isotherm studies were carried out. Promising results were obtained in the removal of CV dye in this sustainable
study, which was carried out as an alternative to other treatment methods.

MATERIALS AND METHODS

Chemicals

All chemicals used in experimental studies are of analytical purity. Powder sodium selenite (Na,SeOs, 172.94
g/mol, Sigma-Aldrich), crystal violet dye in powder form (C2sN3H30Cl, 407.979 g/mol, Sigma-Aldrich), nitric acid
in liquid form (HNOs, 1.39 g/cm?, 65%, Merck), sodium hydroxide in pellet form (NaOH, 40.00 g/mol, >99.0%,
Sigma-Aldrich) and sulfuric acid in liquid form (H2(SO4)s, 1.81 g/cm3, > 90-91 %, Merck) were used.

Collection of Prunus avium L. (PaL) Plant

In this study, the stalks of cherries purchased commercially in June in Seyhan neighborhood of Artuklu district
of Mardin province were removed. Later, he was washed many times, first with tap water and then even with pure
water. At the end of the process, the cherry stalks were dried in a room protected from sunlight and ground into a
powder with a rotary mill (Device name: lka Universal Muhle). The obtained stalks were stored at +4 °C to be
used in experimental procedures.

Extraction of PaL wastes

In this study, 50 grams of previously dried cherry stalks were weighed. The weighed cherry stalks were placed
in a 1000 mL beaker. 400 mL of analytical purity ethanol was added, and it was covered and kept for four days.
Then, it was subjected to filtration and the filtrate was removed and the ethanol was removed in a Heidolp brand
evaporator. Then, the pure extract remaining at the bottom of the flask was used in experimental procedures(Baran
etal., 2023).

Biosynthesis of PaL -Se NPs

500 mg of Prunus avium L. (PaL) plant extract, previously pure cherry fruit stalks, were taken into erlenmeayer
flask and dissolved in 200 mL of pure water. Then, 150 mL of 75 mM was added from the stock sodium selenite
Na,SeOs solution. The reaction process was allowed to stir at 75 ° C for 24 hours. Then, the dark-colored solution
was taken and centrifuged (6000 rpm for 25 minutes). After centrifugation, the solid part was removed and placed
on a glass pellet and dried at 80 °C for 72 hours. The obtained PaL-SeNPs were preserved to be used in absorption
processes. Production stages are presented in Figure 1.

Cherry PaL stalk Powdered form of Cherry PaL  PaL-SeNPs Powder form of PaL-
PaL stalk extract from PaL SeNPs stalk

Figure 1. Production scheme showing the synthesis of PaL-SeNPs obtained from PaL stalks

Adsorption studies

First of all, a stock solution of CV dye with a concentration of 1000 mg/L was prepared. Sequential dilute
solutions were prepared from this stock solution and a calibration curve was created at a wavelength of 586 nm on
a UV-Vis spectrophotometer (Hach DR6000, Germany). The equation y = 0.1871x + 0.0054 (R2? = 0.9993) was
used to measure dye concentrations in adsorption studies. Adsorption studies were carried out in an orbital shaker
device (Heidolp, Unimax1010, Germany) at a stirring speed of 200 rpm. In addition, environmental parameters
(effect of pH, adsorbent amount, time, and initial concentration) were also studied, and suitable conditions were
determined for the adsorption of CV dye on PaL-Se NPs.
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Equations (1) and (2) were used to evaluate the numerical data obtained.

R(%) =%x 100 1)
_ (Co—Ce)OxV

ge =25 @

Here, the term R refers to the removal efficiency, while the terms Co and Ce refer to the dye concentrations
(mg/L) at the beginning and end of the reaction, respectively. Additionally, the term V represents the solution
volume (L) and the term m represents the amount of PaL-Se NPs (Q).

Adsorption Kinetics

Kinetic experiments were conducted at room temperature (23+2 °C), 200 rpm and neutral pH, in a 50 mL
volume beaker with an initial dye concentration of 10 mg/L. Dye concentrations were measured by taking samples
at certain intervals and Pseudo first order (equation no. 3) (Lagergren, 1898), Pseudo second order (equation no.
4) (Ho et al., 1996) and Elovich (equation no. 5) (Kumar et al., 2011) models were tried to process the numerical
values.

K1

Pseudo first order: non-linear:% = K;(qe—q¢), linear: Log(q._q;) = Log q._ 303t (3)
t .
Pseudo second order: non-linear; 22t = K>(qo—qt)?, linear: = = 5 L 4)
dt ar  Kaqe  dqe
Elovic: non-linear: q; = Bln (aft), linear: q, = %ln(aﬁ) + %lnt (5)

Here, the terms g and g: express the amount of pollutant (mg/g) removed per unit adsorbent at equilibrium and
any time t, respectively, while K1 and K; are the kinetic constants of the models. Additionally, the term o represents
the initial adsorption rate (mg/g.min) and /5 represents the model constant (g/mg).

Adsorption isotherms

Isotherm experiments were carried out at room temperature (232 °C), 200 rpm and neutral pH 5 mg PaL-Se
NPs were added to 6 different tubes with a volume of 10 mL, with initial dye concentration ranging from 15.63 to
500 mg/L, and after centrifugation for 120 minutes, the upper phase water was measured in a UV-Vis
spectrophotometer. It was read according to the prepared calibration curve. The obtained numerical values were
processed in Freundlich (equation no. 5) (Wang & Guo, 2020), Langmuir (equation no.6) (Guo & Wang, 2019;
Langmuir, 1916) and Temkin (equation no.7) (Temkin, 1940) isotherm models.

1
Freundlich: non-linear: q, = kFCe/” linear: log(q.) = log(kg) + 1/n log(C,) (5)
Langmuir: non-linear: q, = %LCCE linear: % = ! —+ qu (6)
Lte e max™L max
Temkin: non-linear: g, = g In(kyC,) linear: q, = g In(ky) + g In(C,) ©)

Here, the term g, represents the amount of pollutant removed per unit adsorbent in equilibrium (mg/g), the term
C. represents the final pollutant concentration (mg/L), and Ks and n represent the Freundlich constants. In the
Langmuir isotherm, the term qm represents the maximum adsorption capacity (mg/g) and K. represents the
Langmuir adsorption constant (L/mg). The equation “R =1/(1+a..Co)” is needed to find the dispersion constant
(RL) in the Langmuir isotherm. Here, the term a, refers to the Langmuir constant and C, refers to the initial
pollutant concentration of the reaction (mg/L). Additionally, in the Temkin equation, the term B refers to the model
constant (J/mol). To calculate this, the equation “B=Ry/br” is used. Here, the term R refers to the universal gas
constant (8.314 J/mol. K), the term T refers to the temperature (K), and br refers to the isotherm constant (kj/mol).

RESULTS AND DISCUSSION

Influence of environmental factors

In order to determine the effect of pH on removing the CV dye of PaL-Se NPs, pH 3, 5, 7 and 9 were used in
4 different tubes with an initial CV concentration of 10 mg/L and an initial amount of PaL-Se NPs of 10 mg, ata
stirring speed of 200 rpm at room temperature. Experiments were carried out for 120 minutes. At the end of the
period, 7.81, 6.98, 6.92 and 6.88 mg/L dye measurements were observed in the dye measurements made in the
upper phase, respectively. In this case, it was determined that the dye removal efficiency reached from 21.9% to
31.2% with increasing pH. In this context, it can be stated that although the removal efficiency is low in strongly
acidic conditions, there is an increase in efficiency in neutral pH and partially basic environments, but the
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difference is not very high. When the literature was examined, it was reported that the removal efficiency of CV
dye was carried out by coating Fe;O4 on biochar and that the removal efficiency was suitable at neutral and high
pH (Sun et al., 2015). Similarly, in a different study in which CV dye was removed by synthesizing magnetic
nanoparticles, it was reported that pH increases positively affected the yield (Samrot et al., 2021).

On the other hand, experiments were carried out under similar environmental conditions to determine in which
direction the removal of CV dye was affected by varying amounts of PaL-Se NPs. Again, in 5 different
experiments with a volume of 10 mL, where the initial CV concentration was 10 mg/L, 5, 10, 20, 40 and 80 mg
PaL-Se NPs were added to each tube, and CV concentrations were measured at the end of the period. According
to the data obtained, 84.7% efficiency was achieved at 5 mg dosage, while the efficiency reached 88.2% in the
experiment where 10 mg PalL-Se NP was added, and finally, the output dye concentration could not be observed
in the experiment where 20 mg PaL-Se NP was added. Therefore, it is clear that the removal efficiency increases
as the amount of adsorbent increases. When the literature was examined, it was reported in a study in which CV
dye was removed by loading silver nanoparticles on activated carbon that the increase in the amount of adsorbent
contributed positively to the removal efficiency (AbdEI-Salam et al., 2017). Similarly, in a different study in which
CV dye was removed with photogenic magnetic nanoparticles, it was reported that a decrease in the CV dye output
concentration was observed because of the increase in the amount of adsorbent (Ali et al., 2018).

To determine the effect of the initial dye concentration on the removal efficiency in the adsorption process,
experiments were carried out in 6 different test tubes with a volume of 10 mL, each with an adsorbent amount of
0.5 g/L, under the same environmental conditions, with the initial dye concentration ranging from 15.63 to 500
mg/L. The data obtained from the dye analyses performed at the end of the period are presented in Figure 2(a).
Accordingly, at an initial concentration of 15.63 mg/L, the dye concentration remaining in the solution in the
experimental unit was measured as 5.9 mg/L, the removal efficiency was calculated as 62.24% and ge was
calculated as 19.45 mg/g. When the initial dye concentration was 125 mg/L, the exit concentration was measured
as 68 mg/L, the removal efficiency was calculated as 45.6% and ge was calculated as 114 mg/g. Finally, when the
initial dye concentration reached 500 mg/L, the output concentration, removal efficiency and ge values were
calculated as 434 mg/L, 13.2% and 132 mg/g, respectively. Accordingly, it is said that the dye removal efficiency
is inversely proportional to the increase in the initial dye concentration, while the amount of substance removed
per unit adsorbent increased in direct proportion. When the literature was examined, it was reported that similar
results were obtained in the removal of CV dye with magnetic nanoparticles (Amodu et al., 2015).

It is very important to determine the effect of contact time on removal efficiency in the adsorption process. To
determine this, 25 mg PaL-Se NPs were added to a 50 mL volume beaker with an initial CV concentration of 10
mg/L under the same environmental conditions, samples were taken at certain time intervals and CV dye analysis
was performed in the upper phase liquid. The results obtained are presented in Figure 2(b). During the 300-minute
experiment period, at the end of the 1st minute, the dye concentration decreased to 5.36 mg/L, in this case, the qt
value was calculated as 9.28 mg/g and the removal efficiency was calculated as 46.4%. While no significant
decrease was observed in the exit dye concentration as the reaction time was extended, the CV concentration was
measured as 3.57 mg/L at the end of 300 minutes, the gt value was 12.86 mg/g and the removal efficiency was
calculated as 64.3%. When the literature was examined, it was determined that CV and MB dyes were removed
by synthesizing magnetic iron oxide nanoparticles from fig leaves, and a decrease in dye concentration was
observed as the reaction time increased (Alizadeh et al., 2017).

a b) 41 . 7 -
)5007 a0 g0 )11 70 18
450 1 0l R [ 104 = 60— [1e
400 .' L4
6 - - 140 94 50+ . .
60 [
3504 " _ . ¢ .. —— - L12
] : i : L 120 8- . a0t
300 [ 50+ y Lo o - Ce (mg/L) 10
250 - = Ce (mglL) L 100 1] Verim (%) i
40 Verim (%) ! 0 *—qe (mg/g) 8
200 w * ge (mg/g) | 80 Le
50 - 6 20+
1504 o :
L 60 La
1004 20+ 54 Mmg 10+
g 2
501 r - [0 4 T . PR
. 104 {3 — I i
o4 =.- ™ . -— . . 0
T T T T ——%& T T T T T 3 T T T o T T T T —--2
0 50 100 150 200 250 300 350 400 450 500 550 0 30 80 a0 120 150 180 210 240 270 300
c, (mglL) t (dk)

Figure 2. a) Effect of initial concentration; Co:15.63-500 mg/L, V: 10 mL, m: 0.5 g/L, pH 7.0, T: 23°C, mixing
200 rpm, Time: 120 min, b) Effect of contact time, V: 50 mL, m: 0.5 g/L, Co:10 mg/L, pH 7.0, T: 23°C, stirring
200 rpm.
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Adsorption Kinetics

To determine which of the Pseudo first order, Pseudo second order and Elovich kinetic models the numerical
data obtained in the experiments conducted in the laboratory fit, the data obtained by removing the linear regression
curves of the models are shown in Table 1 and Figure 3(a), (b) and (c). is also presented. In addition, the graph
showing the change in time of the amounts of pollutants removed per unit adsorbent obtained from laboratory
experiments and the values obtained from kinetic models is presented in Figure 3(d).

Thanks to kinetic models, information is obtained about how long it takes the adsorbent to remove the pollutant
it is intended to remove. In addition, information is obtained about the step of the adsorbent in adsorbing the
pollutant. The R? value is generally considered to determine which kinetic, and isotherm model the numerical data
obtained from experimental studies are suitable for. When the table is examined, the R? values of the Pseudo first
order and Elovich kinetic models were calculated as 0.962 and 0.947, respectively, while the R? value of the Pseudo
second-order kinetic model was calculated as 0.999. Accordingly, the adsorption process of PaL-Se NP particles
to the CV dye occurs following the Pseudo second-order kinetic model. When the literature was examined, the
removal of CV dye was achieved with nanoparticles obtained from corn starch and it was reported that it fit the
Pseudo second order kinetic model with an R? value of 0.999 (Gad et al., 2019). On the other hand, in a study in
which carbon nanotubes and nanoparticles were synthesized and the CV dye was removed, it was found that there
was a Pseudo second order kinetic model with an R? value of 0.999 (Gabal et al., 2014). In another study, cv dye
removal from aqueous solution was examined using a surfactant-modified magnetic nanoadsorbent and it was
reported that it fit the Pseudo second-order kinetic model with an R? value of 0.993 (Muthukumaran et al., 2016).

In another reported study CV dye removal from aqueous solution was examined using Spirulina-based
surfactant-modified iron oxide nanoparticles for the adsorptive removal of CV dye, and it was stated that it fit the
Pseudo second-order kinetic model with an R? value of 0.964 (Bhukal et al., 2022).

Table 1. Kinetic and isotherm parameters were calculated for the adsorption of CV on PaL-Se NPs.

Parameter R?
Pseudo first order ki1 =0.052 0.962
Kinetic models Pseudo second order k2 =0.034 Qe = 12.407 0.999
Elovich B=1.544 o=587384 0.947
Freundlich kr = 11,986 1/n=0.447 0.844
Isotherm models  Langmuir k.= 0.034 (F;r:ax 1461 0172 997
Temkin Bt =0.085 kr=0.374 0.921

Adsorption isotherms

To determine the most appropriate isotherm model for the adsorption of CV dye on PaL-Se NPs, calculations
of Freundlich, Langmuir and Temkin models were made and presented in Table 1. In addition, linear regression
curves were created and shown in Figure 4(a), (b) and (c), and the change of experimental and theoretical gt values
against Ce values is shown in Figure 4(d).

In this context, the R? values of the Freundlich and Temkin isotherm models were calculated as 0.844 and
0.921, respectively, while the R? value of the Langmuir isotherm model was calculated as 0.997. Additionally, the
maximum adsorption amount was calculated as 142.61 mg/g. Accordingly, it seems that the most suitable model
for the adsorption of CV dye on PaL-Se NPs is Langmuir. In the Langmuir isotherm model, it can be said that the
adsorption process occurs in certain localized regions and there is single-layer adsorption (Vijayaraghavan et al.,
2006). When the literature was examined, the removal of CV dye was achieved by obtaining nickel oxide
nanocomposite with various nickel compounds, and it was reported that the most suitable model was Langmuir
with an R? value of 0.999 and a gmax value of 53.16 mg/g (Bani-Fwaz et al., 2021). On the other hand, in a study
in which F304 nanoparticle synthesis was carried out from weathered basalt stones, the CV dye was removed, and
it was reported that the most suitable model was the Langmuir model with an R? value of 0.967 and a gmax value
of 282.5 mg/g (Abu Sharib et al., 2021).
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Comparison of the study and the results obtained with the literature

A summary of the experimental conditions and results of this study is presented in Table 2, along with a
comparison of similar studies in the literature. In the study carried out for the purpose of adsorption of CV onto
functionalized multi-walled carbon nanotubes, it showed good agreement with langmuir and freundlich isotherm
models and pseudo-second-order Kinetic model; the maximum adsorption capacity was 90.52 mg/g (Sabna et al.,
2016). In the study in which CV dye was removed with the nanomaterial obtained from chitin shrimp shell, the
removal efficiency 79.13% and adsorption capacity were found to be 39.56 mg/g (Gopi et al., 2016). To remove
the Congo red (CR) dye, zinc oxide (ZnO) in nanoflake form on the zeolite surface was used. In a different
adsorption study, it was determined that the most suitable kinetic model was the pseudo-second order kinetic
model, and the most suitable isotherm model was the langmuir isotherm model, and the maximum adsorption
capacity was 161.3 mg/g (Madan et al., 2019). In a study in which CV dye was removed with Citrus Fortinella-
Se NPs, it was determined that the most appropriate kinetic model was the pseudo-second order kinetic model with
an R? value of 0.999, and the most appropriate isotherm model was freundlich with an R? value of 0.993. The
maximum adsorption capacity was 23.55 mg/g (Solmaz et al., 2024). In this study, it was determined that the most
suitable kinetic model was the pseudo-second order kinetic model with an R? value of 0.999, and the most suitable
isotherm model was the langmuir isotherm model with an R? value of 0.997. The maximum adsorption capacity
was 142.65 mg/g. As a result, the PaL-Se NPs used in our study are seen as promising for environmental studies
due to their adsorption capacity and environmental friendliness.

Table 2. Comparison of the results obtained with the literature.

. (Gopietal., (Madanetal., (Solmaz et al.,
This study (Sabna et al., 2016) 2016) 2019) 2024)
. Commercial Chitin-
NP Chemical Se product FesOs ZnO Se
NP Origin prunus avium multi-walled carbon shrimp shell  silica zeolitic  citrus fortunella
nanotubes
Experiment volume (mL) 50 20 40 50 50
Mixing speed (rpm) 200 - 600 - 200
Experiment time (min) 120 45 - 60 1500
Working pH's 3-9 3-8 - 3-12 7.0£0.5
H adjusting agent 0.1M - - - 0.1M
pHadjusting ag H2S04/NaOH H2S04/NaOH
\(/g/é))r King  temperature 2342 - Room Room 2342
Removed pollutant Ccv Cv CcVv CR Ccv
Working pollutants
concentrations (mg/L) 15.63-500 25-150 - 25-500 6.25-200
Adsorbent amount (g/L) 0.5 0.25-1.25 - 0.025-0.1¢g -
Best fitted kinetic model pseudo-second- pseudo-second- - pseudo- pseudo-second-
order order second-order order
Best fitted isotherm - Langmuir- . .
model Langmuir Freundlich - Langmuir Freundlich
Max. adsorption capacity 142,61 90.52 30.56 161.3 2355
(mg/g)
CONCLUSION

In this study, the removal of CV dye was carried out with PalL-Se synthesized from agricultural PaL wastes.
The effects of pH, adsorbent amount, initial dye concentration and contact time on CV dye removal were discussed.
By comparing the values derived from the linear forms of 3 different isotherms and kinetic models, The most
suited kinetic model was found to be Pseudo second order, and the most appropriate isotherm model was Langmuir.
On the other hand, the maximum CV removal amount of PalL-Se NPs was calculated as 142.61 mgCV/g PalL-Se
NPs. Studies were carried out between pH 3-9 to determine the effect of pH on the removal of CV dye from PaL-
Se NPs. Additionally, studies were performed between pH 3-9 to determine the effect of pH on the removal of CV
dye from PaL-Se NPs. In this case, it was determined that as the pH increased, the dye removal efficiency reached
from 21.9% to 31.2%. Overall, these results indicate that green synthesis of selenium nanoparticles has the
potential to be an effective, economical and environmentally friendly method for many scientific and technical
applications in the future for the treatment of organic dye pollution in aquatic ecosystems.
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INTRODUCTION

As a result of the population increase in the world, it is clear that agricultural production must increase in
order to meet the need for food, and fertilizer use, which is the most important input to increase the amount of
production, will increase. As a result of the rapid increase in the world population, food and feed production will
necessarily reach 3 billion tons in 2050. In this case, the most emphasized issue today is the decrease in natural
resource reserves despite population growth and economic development (Karagal & Tufenkei, 2019). In crop
production, fertilizers are used intensively to achieve high yields and maximum growth. In vegetables, inorganic
fertilizers are given more than necessary by producers in order to increase growth and development and
consequently to obtain high yields (Badr & Fekry, 1998; Arisha & Bardisi, 1999; Dauda et al., 2008). However,
although chemical fertilizers increase the amount of production, they pollute the soil and groundwater resources.

Living organisms have an important place in the natural structure of soil. These are divided into two as soil
flora and soil fauna. Soil flora, i.e. plant organisms, ranks first in terms of activity. This group includes bacteria,
fungi, actinomycetes and algae. Each of these has different benefits in terms of soil productivity. Dwindling
fertilizer resources and expensive production costs in the world indicate that we will experience serious yield
problems in crop production in the next 50 years (Ortas & Lal, 2011). For this reason, the use of these
microorganisms, which reduce the demand for chemical fertilizers, are friendly to nature and the environment,
and are from the ecology's own natural resources, in agricultural production is becoming increasingly important.
In recent years, the interest of researchers has been directed towards studies to ensure agricultural sustainability
by using beneficial microorganisms instead of chemical fertilizers and pesticides.

Preparations called "biofertilizers", which contain some bacteria, fungi and algae species, have started to be
preferred by producers in recent years due to the benefits they provide. When used in cultivation, biofertilizers
improve the soil by increasing biological activity and have a positive effect on the physical, chemical and
biological structure of the soil. Apart from that, they help nutrient uptake and provide tolerance against
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environmental stresses by increasing the availability and usefulness of plant nutrients through nitrogen fixation,
phosphate and potassium solubilization or mineralization, release of plant growth regulators, antibiotic
production and biodegradation of organic matter in the soil (Sinha et al., 2014; Sivakumar et al., 2013). As a
result; it also increases yield and product quality by promoting plant growth and development. Biofertilizers
differ from chemical and organic fertilizers in that they do not provide any direct nutrients to plants in
agricultural production and are special cultures of bacteria and fungi, relatively simple and low installation costs.

Soil microorganisms are involved in many chemical changes in the soil and are important elements of soil
fertility as they are involved in the cycling of nutrients necessary for plant growth, for example nitrogen and
carbon. The beneficial microorganisms in bio-fertilizers promote plant growth directly and indirectly by
establishing colonies in the rhizosphere and endorhizosphere of the plant (Saxena et al., 2005).

By asymbiotic nitrogen fixation, increasing the solubility of inorganic phosphorus and mineralization of
organic phosphorus compounds, increasing the uptake of iron through siderophore production and some other
trace elements through organic acid production, beneficial bacteria can improve the mineral nutrition of plants
and promote growth. In addition, plant growth can be directly enhanced through the production of plant
hormones such as auxins, gibberellins, cytokinins, inhibition of ethylene synthesis through 1-
Aminocyclopropane-1-carboxylate (ACC) deaminase enzyme activity, reduction of environmental stress;
harmony in the bacteria-plant relationship, vitamin synthesis, and increased root permeability (Esitken et al,
2005; Sahin et al., 2004; Zahir et al., 2004; Canbolat et al., 2006; Fuentes-Ramirez and Caballero Mellado, 2006;
Aslantas et al., 2007; Cakmake et al., 2007 a; Cakmakci et al., 2007 b; Akgll and Mirik, 2008; Yildirim et al.,
2011; Cakmakci et al., 2009). They stimulate the development of plant organs through cell division and
expansion (Taiz and Zeiger, 2002) or by improving nutrient uptake (Chabot et al., 1996; Yanni et al., 1997).
Through these mechanisms, plant growth-promoting bacteria benefit plant growth by increasing germination
rate, root growth, yield, leaf area, chlorophyll content, Mg, N content, protein, hydraulic activity, drought
resistance, shoot and root weights and delaying the formation of the abscission layer in leaves (Lucy et al.,
2004).

Bacteria such as Rhizobium, Bradyrhizobium, Azotobacter, Azospirillum, Pseudomonas and Bacillus have
been reported to be present in India from desert ecosystems to acidic soils, saline soils to alkaline soils
(Selvakumar et al., 2009, Upadhyay et al., 2009). The adaptation of microorganisms to different stress factors
has occurred through many complex processes (Srivastava et al., 2008). While in some species that can survive
under extreme environmental conditions (thermophiles and halophiles) the optimum conditions for metabolic
activities such as enzymatic activities may be high temperature and salinity, other microorganisms have
developed different adaptation mechanisms to cope with stress. Some bacteria, such as Pseudomonas, can
survive under stress conditions because they produce exopolysaccharide (EPS). EPS protects microorganisms
against water stress and flooding (Sandhya et al., 2009). Exopolysaccharide has a unique ability to retain and
bind water and has important effects in regulating the structure and balance of soil aggregates and in the
transport of nutrients dissolved in water to the plant root zone (Roberson and Firestone 1992; Tisdall and Oadea
1982).

Furthermore, microorganisms can play an important role in stress management due to their tolerance to
unusual conditions and their ability to exist in many different climatic and soil conditions for the same reason.
These organisms can also be used as an important model to unravel the mechanism of tolerance to different
stressors. In this way, tolerance mechanisms against stressors such as cold damage, salinity, heavy metal damage
and high temperature can also be developed. In the last century, it has been proven that bacteria belonging to
different genera such as Rhizobium, Bacillus, Pseudomonas, Pantoea, Paenibacillus, Burkholderia,
Achromobacter, Azospirillum, Microbacterium, Methylobacterium, Variovorax, Enterobacter, etc. increase the
tolerance of host plants to different abiotic stress factors (Grover et al., 2011). These bacteria exert these effects
through ACC deaminase enzyme activity. Polymeric ACC deaminase linked to pyridoxal 5-phosphate (PLP) was
first studied with Pseudomonas by researchers, and especially the studies were directed towards the promotion of
plant growth under stress conditions and the reduction of the negative effects of stress (Mayak et al., 2004;
Madhaiyan et al., 2006).

Broccoli (Brassica oleracea var. italica), which is consumed raw or cooked as small green tubers, is among
the vegetables of the Brassicaceae (Cruciferae family). In broccoli, it is important for market quality that the
flower stalks do not open, the crown color maintains its green color when it reaches the harvest width and has a
smooth shape. According to 2023 data, our broccoli production is 120 549 tons. Broccoli, which is grown in
large areas in Europe and America and consumed fondly, has been rapidly increasing in production and
consumption in our country in recent years. Especially its positive effects on health increase the demand for
broccoli. Broccoli (Brassica oleracea var. italica) is widely consumed worldwide due to its high nutritional
value (e.g., rich in vitamins A, B2, C, minerals (Anonymous, 2018; Glaser & Lehr, 2019), fiber and low calories
(Anonymous, 2017). It is beneficial for health due to its high content in antioxidants and bioactive compounds
such as atocopherol, B-carotene and isothiocyanates (Babalola, 2010). It has also been found to have anticancer
properties in recent studies, especially in relation to specific phytochemicals such as organosulfuric compounds,
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sulforaphane and glucosinolates (Cruz et al., 1993;Yadav & Sarkar, 2019; Zia et al., 2021). The increase in the
living standards of people, the awareness of consumers, the importance of "healthy" and "high quality"” food as
well as being satisfying, and the emphasis on the effect of adequate and balanced nutrition on human health and
development have caused producers to be more attentive during cultivation and to take many measures. With the
development of technology, excessive use of fertilizers or pesticides has increased in intensive agricultural areas,
which has negatively affected human health and environmental health. In vegetable cultivation, the use of
fertilizers is more intensive due to the reasons such as more plants per unit area, especially the high yield of the
varieties bred in recent years, thus removing more plant nutrients from the soil, and obtaining several times more
yield from the unit area compared to open cultivation, especially in greenhouse cultivation. For this reason,
research on practices that reduce the use of chemical fertilizers in vegetable production or products of organic
origin that can be used in the nutrition of plants such as chemical fertilizers has been quite high in recent years.
Especially due to the pandemic, healthy nutrition and products that strengthen the immune system have come to
the forefront, and the importance of practices that will not adversely affect the environment and human health
has increased even more.

In our research, a commercial biofertilizer containing many beneficial microorganisms was used in the
cultivation of broccoli, a vegetable that stands out with the above-mentioned characteristics and is in constant
demand in the market. No research has been conducted on broccoli under Malatya conditions before and the
producers in the region are far from broccoli cultivation. Therefore, it was thought that the research would
contribute to the producers of the region. The aim of the study was to determine whether the biofertilizer used in
the experiment saves chemical fertilizer fertilizer in broccoli cultivation and its effect on plant growth and yield.
In addition to being a fertilizer for plants exposed to different abiotic stresses in crop production due to climate
change in recent years, the use of biofertilizers is also important to provide resistance against stress. Here, we
used a biofertilizer that can be found commercially by the producers in the market, so that the results can be
directly recommended to the producers.

MATERIALS AND METHODS
This study was conducted in a plastic greenhouse (270 m?) belonging to the Faculty of Agriculture of
Malatya Turgut Ozal University between October/March 2020-2021 (Figure 1).

Figure 1. Appearance of broccoli plants planted in the experimental greenhouse.

Plant Material

Mundo F; (Asgen Tarim Tic. A.S.) Broccoli variety was used as plant material in the research. This variety is
a medium late, 80-85 days old variety. It has a very tight head structure, dark green in color and round. The side
heads after the top is cut are of the same quality. It is suitable for spring, fall and summer planting.

Fertilizers used in the study and their application

Sufficient studies have been carried out with single strains of bacteria isolated and propagated from the
laboratory environment, and the benefits of the bacteria to the plant in single use have been reported by
researchers. What needs to be done in the future is to bring together their combined use and the benefits they
provide to the plant in different aspects. The biofertilizer we used in our study here is from Japanese oak and is a
biofertilizer that can be easily supplied by commercial producers. It contains beneficial microorganism species
for which research and development studies have been carried out and which will not be a problem in terms of
production in the same solution.

533



Altuntas and Kucuk. The use of biofertilizer contribution to plant Int. J. Agric. Environ. Food Sci. 2024; 8(3): 531-540

Bio-fertilizer; Saion EM with its commercial name, contains beneficial microorganisms Pseudomonas
fluorescens, Rhizobium leguminosarum, Azotobacter chroococcum, Bacillus subtilis, Serratia aquatilis,
Aspergillus oryzae, Penicillium chrysogenum Biofertilizer application was done as recommended by the
company. The number of live microorganisms guaranteed by the company: 1x107 kob/ml. Liquid biofertilizer
containing active microorganisms was started to be applied 13 days after planting. This process continued at 10-
day intervals until the end of harvest. In this application, 3 liters/da was given to the plants.

Commercial fertilizers; commercial fertilizers used in conventional cultivation were given during the
growing season at the doses recommended for broccoli cultivation according to the results of soil analysis.
Commercial fertilizers used in the experiment were Triple Super Phosphate, Potassium Nitrate, Ammonium
Sulphate. In addition, elemental sulfur was given to reduce soil pH and during seedling planting. Fertilization
was calculated as 15 kg N, 20 kg P20s and 20 kg KO per decare and applied to the plots.

The research was established according to the randomized block design with 3 treatments and 3 replications,
and 20 plants were used in each replicate. Broccoli seedlings were planted in the greenhouse on October 1 with
100 cm between rows and 30 cm above rows. Before planting, basic fertilization was given to all treatments
during soil preparation. In order to determine the effect of the use of microorganisms on fertilizer saving, a
treatment in which commercial fertilizers were reduced by 30% was also included in the experiment. All cultural
operations were carried out regularly from planting to harvest.

Treatments;

1. Control: Plots where all recommended fertilizer amounts were applied in broccoli production (100%
chemical fertilization). This is the type of fertilization used by producers in broccoli production in conventional
cultivation.

2. Treatment I: Plots with 30% reduced rates of recommended fertilizer amounts and active microorganisms
in broccoli production (70% chemical fertilization + Microorganisms). It is a treatment to reduce the use of
chemical fertilizers in conventional farming and to improve the soil with the use of beneficial microorganisms.

3. Treatment II: Plots where all recommended fertilizer amounts and effective microorganisms were applied
in broccoli production (100% chemical fertilization + Microorganisms). This application was made to see the
contribution of using biofertilizers in addition to chemical fertilizers in conventional production without reducing
chemical fertilizers to the soil and plants.

Measurements on plants

Plant growth and development measurements (plant height, stem diameter and number of leaves) started one
month after planting the seedlings in the greenhouse and were carried out four times at four-week intervals. In
addition, root length, root, stem, stem, leaf fresh and dry weights were taken on the plants that were uprooted
twice during the young plant period (December 09) and at the end of the experiment (March 24). Broccoli heads
of the expected size could not be obtained during the cold period in the unheated plastic greenhouse. Harvesting
started on March 11 and ended on March 30, and a total of 4 harvests were made. The first harvest values of the
treatments were evaluated as early yield and the effect of microorganism application on early yield was
determined. Then, all harvest values were summed and total yield was obtained.

RESULTS AND DISCUSSION

Plant Growth Parameters: The results of plant growth parameters on broccoli plants on 4 different dates are
presented in Table 1. When we look at the results of plant height; although there was no significant difference in
the first measurements in the treatments using microorganisms, it was determined that microorganism treatments
increased the plant height by 8-9% at the last measurement date. Plant height in plots with 30% fertilizer
reduction (U1) was almost the same as in plots with 100% fertilizer + microorganisms (U2). The difference
between the treatments was found to be statistically significant at the last measurement date. When we examined
the stem diameter values, the stem diameter values of the plants in the plots where microorganisms were applied
were higher on the first measurement date, and the stem diameters of the plants in the plots where 30% fertilizer
was reduced (U1) were higher than the plots where 100% fertilizer + microorganisms were applied (U2) in the
last measurements except the first two measurement dates. There was a statistically significant difference
between the treatments only on the 3rd measurement date. At the last measurement date, microorganism
application provided an increase of 7-11% in stem diameter. When we look at the number of leaves; it is seen
that the plants formed more leaves in the plots where 20-30% microorganisms were applied in the first two
measurement dates. Even the difference determined on the 2nd measurement date is at the level of statistical
significance. In the following measurement dates, the lower old leaves were pruned as the plants grew and the
number of leaves in all treatments were found to be close to each other.
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Table 1. Effect of biofertilizer treatment on some growth parameters of broccoli measured at different dates

Date of Measurement Treatments Plan(t(::(;'ght Stem(rlﬁ:{a]m;n eter Num(bn eurnc:;el_r()eaves
Control 37.36 10.66 10.39
3 November U-1 38.13 13.12 12.76
(32 days after planting) U-2 38.29 11.52 13.73
Std sp. 00.41 01.02 01.40
Control 51.59 23.23 14.15b
21 November u-1 55.63 22.82 18.79a
(60 days after planting) u-2 52.93 22.16 18.66 a
Std sp. 01.68 00.44 02.15
Control 57.53 23.76 b 21.49
9 December U-1 60.59 24.62 a 24.13
(88 days after planting) U-2 58.46 25,66 a 21.43
Std sp. 01.28 00.77 01.25
Control 61.63 b 23.92 24.76
(Zflgfj;ey?z;rer U-1 66.93 25,66 26.63
planting) u-2 66.46 a 26.65 24.56
Std sp. 02.39 01.12 00.93

In addition to the measurements made on the plants in the greenhouse, the plants were uprooted on the
measurement date on December 9, 88 days after planting, and some of the plant growth parameters were
measured in the uprooted plants (Table 2). The effects of treatments on root length, root, stem and leaf fresh and
dry weights were analyzed. The difference in leaf fresh weight was statistically significant except for the root
and stem dry weight parameters. In the young period, microorganisms are more effective in plant growth. On
December 9, when we examined the results of the plant uprooting, we found that the root length in the plots with
30% reduced fertilizer + microorganisms (U1) was about 20% longer than the control plant roots, and the plant
roots in the plots with 100% fertilizer + microorganisms (U2) were about 47% longer. In parallel with these
results, root dry weight values were 66% and 56% higher in the plots treated with microorganisms compared to
the control plots. Root development was quite good in the plots treated with microorganisms and this was
reflected positively on the above-ground parts. When we take stem+leaf dry weight values, 85% more dry matter
accumulation was found in plots with 30% reduced fertilizer + microorganism (U1) and 50% more in plots with
100% fertilizer + microorganism (U2).

Table 2. Some measurement results of broccoli plants uprooted 88 days after planting (December 9)

Root Root Leaves Stem Root Leaves Stem
Treatments  Lenath Fresh Fresh Fresh Dry Dry Dry

(cm? Weight Weight  Weight Weight Weight Weight

) () () () () ()

Control 23.66 42.16 346.94 89.11 12.54 37.55 24.14
U-1 25.83 44,99 324.52 70.96 11.49 22.57 21.80
uU-2 34.66 48.02 315.47 107.59 10.17 32.75 22.78
Std sp. 04.76 02.39 13.23 14.95 00.97 6.25 00.96

The boosting effect of biofertilizers may be due to the fact that microorganisms increase root activity in the
rhizosphere, initiate hormonal activity and thus increase the uptake of plant nutrients (Vessey, 2003; Itelima et
al., 2018; Kamal et al., 2021). Many studies have reported the supportive effects of biofertilizers on plant
growth. Rather et al. (2018) found that Azotobacter and Azospirillum bacteria increased the amount of IAA and
root length, enhanced cytokinin formation and root branching, thus increasing nutrient uptake from the soil and
accelerating plant growth.
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The yield and plant growth improvement effects of the bacteria used in this study can be explained by their
N2-fixing and P-solubilization capacities. The positive effects of biofertilizers on yield and growth parameters
(such as apricot, tomato, sugar beet and barley) are explained by their No-fixing ability, phosphate solubilizing
capacity, indole acetic acid and antimicrobial production (Esitken et al., 2005; Rodriguez et al., 2006; Wilsion,
2006; Malik et al., 2001). In general, improvements in macro/micro nutrient contents were found to be higher in
PGPR treatments. The increase in mineral uptake by plants is due to the contribution of biofertilizers to the plant.
They reported that the use of No-fixing and P-solubilizing PGPR in barley (Rodriguez et al., 2006), tomato
(Caballero-Mellado et al., 2007), and lettuce (Bar-Ness et al., 1992), increased macro-micro nutrient uptake in
plants. According to the results of Valverde et al. (2015), the application of biofertilizer containing Azospirillum
+ Azotobacter (50% each) to broccoli during transplanting by root dipping method increased the yield as well as
the functional biomolecules in the plant. Singh et al. (2014) and Choudhary & Paliwal (2017), showed that the
integration of bio-organic and mineral fertilizers showed a significant effect in maximizing broccoli yield.

Total Yield: When the total yield values (Figure 2) were analyzed; similar results were obtained for plant
growth parameters. Yield in plots treated with microorganisms was higher than the control. Yield in plots with
100% fertilization and microorganisms (U2) was 20% higher than the control and yield in plots with 30%
reduced fertilization + microorganisms (U1) was 15% higher than the control.

Yield (kg/da)

2760 a
3000 - 2575a

2500 -
2000 -
1500 -
1000 -
500 -

i 2190 b

Kontrol Ul u2

Figure 2. Effect of biofertilizer treatments on broccoli yield (std sp.: 237.42)

As in other cultivated plants, yield is the most important criterion in vegetable cultivation. Although it is a
known practice to increase yield with chemical fertilization, the effective use of biofertilizers and the reduction
of chemical fertilizer applications may necessitate the updating of fertilization practices. With this result in the
yield parameter, environmental and economic gains can be achieved by reducing the use of chemical fertilizers.
It can be said that this situation is due to the activity of microorganisms in the soil. Various studies have reported
an increase in productivity and a decrease in the use of chemical fertilizers thanks to biofertilizers. Panda (2011)
and Berg (2009) reported that biofertilizers have an effect on yield in the range of 35-65%. Some researchers
have also determined that NPK use can be reduced with the use of microbial fertilizers (Chauhan and Bagyaraj,
2015; Yildirim et al., 2011).

Some bacteria, such as Bacillus and Azotobacter, can synthesize organic acids and phosphates that convert
the unavailable form of phosphorus into a usable form for plants (Tosi¢ et al. 2016), while Pseudomonas,
Bacillus and Rhizobium bacteria are known to be the most powerful phosphate solubilizing bacteria (Rodriguez
and Fraga, 1999). Among the phosphorus-solubilizing microorganisms, phosphate-solubilizing bacteria have the
potential to solubilize 1-50% of phosphorus (Chen et al., 2006) and phosphate-solubilizing bacteria secrete
phosphate organic acid metabolites containing hydroxyl and carboxyl group chelates and convert them into a
usable form by binding with cation bonds (Sagoe et al., 1998).

Microorganisms work more efficiently if there is a lack of nutrients in the environment. In the light of
previous studies, we can say that microorganisms increase nutrient uptake in the soil and consequently increase
yield. Recent research has shown that Rhizobium leguminosarum, Rhizobium spp. and Bradyrhizobium spp.
increased plant biomass, yield and chlorophyll content in plants compared to non-inoculated plants. The highest
increase was recorded in IRBG strains, which showed a 14% increase compared to uninoculated plants (Verma
et al.,, 2019). Similarly, some Rhizobia strains increased the surface area, photosynthetic rate, water uptake
capacity, yield and stomatal conductance of inoculated plants (Enebe & Babalola, 2018). In addition, a bacterial
mixture of Pseudomonas, Bacillus lentus and Azospirillum brasilense was reported to increase chlorophyll
content and antioxidant enzymes in plants under stress conditions (Brahmaprakash et al., 2017). Khalid et al.
(2017) found that biofertilizer application increased growth, chlorophyll content, antioxidant activity, yield and
phenolic compounds in spinach. Total phenolic compounds were reported to be 58% higher than uninoculated
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spinach. Similarly, Arora et al. (2018) reported an increase in growth, yield, phenolic compounds, anthocyanins
and carotenoid content of lettuce when inoculated with Azotobacter chroococcum and Piriformospora indica.

Hassen et al. (2016) reported an 80% increase in soybean yield when inoculated with nitrogen-fixing
Rhizobium and Bradyrhizobium. Dicko et al. (2018) used plant growth-promoting bacteria in a study conducted
by Dicko et al. (2018), which found that biofertilizer increased plant growth and yield, and increased corn yield.
Recently, the effect of biofertilizer made from plant growth-promoting Bacillus pumilus strain TUAT-1 was
evaluated on rice genotype, and it was revealed that biofertilizer made from Bacillus strain increased rice yield
(Win et al., 2019). In the study conducted by Fathi (2017), in maize, biofertilizer containing phosphate
solubilizing bacteria was used, and it was reported to increase maize growth and yield compared to the
uninoculated control. Altuntas (2018) reported that the highest total head yield was obtained by using Bacillus
subtilis inoculations in broccoli. In addition to the increase in yield and crop quality in the use of biofertilizers,
more importantly, soil nutrients are reduced as a result of different activities occurring in the soil, such as surface
runoff, burning of crop residues and washing of agricultural soil. The nutrients in the soil travel through rain-
induced runoff to the groundwater body, where they cause eutrophication and contamination of the groundwater
body (Yu et al., 2019). This poses a major threat to the natural environment. Therefore, the application of
nutrient-rich biofertilizers made from plant growth-promoting microorganisms with potentials such as nitrogen
fixation, potassium solubilization and phosphate solubilization is essential in recovering soil nutrients to enhance
plant growth and yield performance (Olanrewaju et al., 2019).

CONCLUSION

The use of microorganisms such as bacteria, fungi, actinomycetes and algae as biological fertilizers reduces
the environmental risk in agricultural production. These preparations, which can be easily used in organic
production, come to the forefront as an environmentally friendly technique with the fact that they do not cause
environmental pollution, on the contrary, they improve the structure of the soil, in addition to the benefits they
provide to plants in recent years when environmental awareness has developed. The results of our researches
have revealed that the biofertilizer we use in broccoli cultivation positively affects plant growth and yield. Both
the growth and development parameters of the plants in the greenhouse and the biomass measurements as a
result of plant removal gave higher results in the applications using biofertilizer. In addition, the increase in yield
(15% and 20%) shows that it is worth recommending the biofertilizer to the producer. Biofertilizer, which
contains different microorganisms that enable plants to effectively utilize the given nutrients and contains
different microorganisms in its content, is important both environmentally and economically with this increase in
yield. Biofertilizer is used approximately 2.5 liters per decare during the production season. In this case, it is
possible to improve the soil, especially biologically, and increase the yield with an environmentally friendly and
cheap input. Recommending biofertilizers containing microoganisms in fertilizer recommendations in open and
greenhouse vegetable cultivation will be beneficial in terms of plant development and soil improvement and
increasing biological activity.
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INTRODUCTION

In Bangladesh, pulses are a crucial component of the daily diet, serving as a primary source of protein (Das et
al., 2016). Among the several pulses available, lentils are the most widely consumed, surpassing mung beans,
chickpeas, and black grams in popularity. In our country, the average daily consumption of lentils is only 4 grams
per person. However, the World Health Organization (WHO) recommends a daily intake of 45 grams of pulses
per person (Rahman et al., 2013). The principal area for lentil cultivation in the Mid-Western region of Bangladesh
includes Jashore, Jhenidah, Magura, Faridpur, Rajbari, Kushtia, Chuadanga, Madaripur, Meherpur, and Pabna
districts (Afzal et al., 1999).

Seeds generally degrade quickly when exposed to high temperatures and relative humidity during storage,
which creates ideal conditions for the growth of pests and fungi that affect the seeds. This negatively affects the
germination of the seeds. Farmers store the majority of seeds sown in the field (98.85%), while BADC supplies a
small portion (1.15%). However, the storage conditions for the BADC-supplied seeds sometimes lack sufficient
temperature and moisture control. Seeds are the primary and crucial component in crop production. The use of
high-quality seeds significantly enhances agricultural productivity. The inadequate storage conditions led to a
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decline in the quality of the seed, as reported by Fakir et al. (2007), which ultimately resulted in a low yield. In
Bangladesh, the lentil yield is comparatively low (0.963 t ha-1) compared to other countries such as Australia (1.50
t ha-1), Canada (1.80 t ha-1), and Ethiopia (1.22 t ha-1) (BBS 2011, Matny 2015, Wang 2017) due to a scarcity of
high-quality seeds (Kashem et al., 2005).

Proper storage conditions and seed maintenance are critical factors in obtaining high-quality seeds for sowing.
The optimal storage conditions and proper care are crucial for preserving the high germination rate and seed vigor
for the following year's planting. Currently, our country lacks sufficient supplies and facilities for seed storage at
the farmer's level, despite its crucial role in crop production. Applying fungicides to seeds is an important method
in crop management to prevent seed-borne diseases and ensure the production of healthy plants (Mortuza et al.,
2002). The application of fungicidal treatment not only protects seedlings from soil-borne diseases but also
improves plant development and vitality in lentils (Kovacicova, 1970). Pesticide application in the field is a highly
successful and universally endorsed approach to disease control. Lentil farmers and researchers widely utilize
chemical fungicides due to their convenience and efficacy in controlling field diseases. Several studies (Ahmed,
2011; Hug and Zaman, 2007; Gupta et al., 1996; Bakr and Ahmed, 1992; Igbal et al., 1989) support this.

The use of plant extract for controlling seed-borne fungi is not as widely practiced as chemical control.
However, several studies have shown that botanical extract can effectively control seed-borne fungi in other crop
diseases (Bhatiya et al., 2007; Islam, 2005; Bowers and Locke, 2000; Sharma and Gupta, 1998). Plant extract is
applied to treat seeds. Biological agents are more cost-effective, environmentally benign, and readily accessible
compared to chemical agents (Karuna et al., 2012; Khan et al., 1999).

Recent studies highlight the potential of seed priming and biological treatments to improve seedling growth
and resistance to pathogens. Anwar et al. (2020) demonstrated that seed priming enhances growth and nutrient
content in cucumber seedlings. Damalas et al. (2019) showed hydropriming's positive effects on seed germination
and field performance in faba beans. Devika et al. (2021) emphasized seed priming as a supplement in integrated
resource management. Feng et al. (2016) explored the relationship between plant canopy characteristics and
photosynthetic productivity in cotton, while Jain et al. (2012) highlighted microbial consortium-mediated defense
in pea plants.

This research aims to determine the optimal technique for storing and treating seeds to preserve their long-term
viability and health.

MATERIALS AND METHODS
Experimental Location
The study was conducted in the Plant Pathology Laboratory at the Regional Agricultural Research Station,
Bangladesh Agricultural Research Institute (BARI), Jashore. The lentil variety used for the experiment was BARI
Masur-6.
Preservation Containers
Six types of storage containers were utilized in the experiment:
1. Cotton cloth bag (C1)
2. Tin container (C2)
3. Earthen pot (C3)
4. Plastic container (C4)
5. Polythene bag (C5)
6. Gunny bag (C6)
Plant Extracts
Four plant extracts were tested for their efficacy:
1. Betel leaf (Piper betel) (T1)
2. Neem leaf (Azadirachta indica) (T2)
3. Garlic (Allium sativum) (T3)
4. Mahogany leaf (Swietenia mahagoni) (T4)
Preparation of Plant Extracts for Seed Storage
Leaves of Piper betel, Azadirachta indica, Swietenia mahagoni, and cloves of Allium sativum were cleaned,
cut into small pieces, and blended in distilled water to prepare a 1% (w/v) solution. Each plant material (10 g) was
blended with 1 liter of distilled water. These solutions were applied to the seeds using a hand sprayer. The seeds
were then air-dried before storage, following the methodology of Tohmi et al. (2012).
Calculation of Vigor Index
Seedling vigor and germination percentages were recorded at 2, 4, and 6 months of storage. At the end of 6
months, a blotter test was conducted to assess germination and fungal infection rates. Seedling vigor was
calculated using the formula:
VI = Dry weight of 10 seedlings X germination percentage (Kashem et al. 2005).
The experiment followed a Complete Randomized Design (CRD) with three replications. The treatment
combinations were as follows: C1T1, C1T2, C1T3, C1T4, C2T1, C2T2, C2T3, C2T4, C3T1, C3T2, C3T3,
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C3T4, C4T1, CAT2, C4T3, C4T4, C5T1, C5T2, C5T3, C5T4, C6T1, C6T2, C6T3, and C6T4. Germination
percentage, fungal association, and vigor index were statistically analyzed using ANOVA in SPSS 15, with
means compared using Duncan's New Multiple Range Test (DMRT).
Pre-Sowing Seed Treatments
The following treatments were applied to control seed-borne diseases in lentils:

. Garlic (5% wi/v aqueous solution) (Tohami et al., 2002)
. Datura (5% w/v aqueous solution) (Tohami et al., 2002)
. Mahogany leaf extract (5% w/v aqueous solution) (Tohami et al., 2002)
. Mahogany seed extract (5% w/v aqueous solution) (Tohami et al., 2002)
. Fern leaf extract (5% wi/v aqueous solution) (Tohami et al., 2002)
. Ash coating (10 g/kg seed) (Meena, 2012)
. Fresh cow dung coating (5 g/kg seed) (Meena, 2012)
. Cow urine (5% v/v aqueous solution) (Meena, 2012)
. Provax-200 (2 g/kg seed)

10. Control (untreated)

Preparation of Plant Extracts for Pre-Sowing Seed Treatment

Plant parts were cleaned, chopped, and blended with distilled water at a 1:1 ratio (100 g of plant material in
100 ml of water). The extracts were filtered through cheesecloth and stored at 4+1°C. Seeds were soaked in these
extracts for 25 minutes, then air-dried. For ash and cow dung treatments, seeds were coated in a conical flask with
the respective materials. Provax-200 was applied at 2 g/kg seed, and seeds were air-dried under cool conditions
(Ahmed, 2011).

Blotter Test

Germination and fungal association were assessed using the blotter test method (ISTA, 2001). Four hundred
seeds were randomly selected and placed on three-layered, sterilized, water-moistened blotter paper in sterilized
glass petri dishes (9x12 cm), with 25 seeds per dish. Petri dishes were sterilized at 120°C for 12 hours before
plating. The dishes were incubated at room temperature under a 12-hour light/dark cycle for seven days. The pre-
sowing seed treatment experiment followed a CRD with four replications. Germination and seed infection
percentages were recorded and analyzed using standard error and standard deviation formulas in MS Excel.
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Figure 1. Different seed storing containers C1= Cloth bag, C2= Tin container, C3=Earthen pot, C4=
Plastic container, C5= Polythene bag and C6= Gunny bag
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Figure 2. Photograph of different botanicals Ti= Piper betel, T,=Neem leaf Ts;=Garlic and T,=
Mehogani leaf

Six containers and four plant extracts were used in this experiment. Germination percentage and vigor index
after 2, 4 and 6 months showed significant difference amongthe treatments.

RESULTS

Germination percentage and Vigor Index (V1) at 2 months after storing

After 2 months of seed storage, a polythene bag containing neem leaf extract (C5T2) had the highest
germination percentage (96.00%), followed by a polythene bag containing piper betel extract (C5T1) (92.00%).
The results were statistically equivalent for both the polythene bag with mahogany extract (C5T4) (92.00%) and
the polythene bag with garlic clove extract (C5T3) (91.00%). We reported the germination rate of seeds treated
with garlic clove extract (C6T3) and stored in a gunny bag for 2 months as 80.67%, the lowest among all
treatments. The polythene bag with neem leaf extract (C5T2) had the greatest vigor index (V1) at 105.60, followed
by the polythene bag with garlic clove extract (C5T3) at 90.09. Table 1 shows that the application of mahogany
leaf extract to gunny bags (C6T4) resulted in the lowest V1 value of 59.28.
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Germination percentage and Vigor Index (V1) at 4 months after storing

After 4 months, storing the seeds in a polythene bag with neem leaf extract (C5T2) resulted in the highest
germination percentage (94.00%). A polythene bag containing mahogany leaf extract (C5T4) followed, exhibiting
a germination percentage of 90.33%. The polythene bag with piper betel extract (C5T1) had a germination
percentage of 90.00%, and the polythene bag with garlic clove extract (C5T3) had a germination percentage of
89.00%. Treating the seeds with garlic clove extract (C6T3) and storing them in gunny bags resulted in the lowest
germination rate (78.67%). The polythene bag with neem leaf extract (C5T2) had the greatest vigor rating,
measuring 102.44. The polythene bag with garlic clove extract (C5T3) followed with a vigor level of 88.11. The
therapy that resulted in the lowest VI was the combination of gunny bag with neem leaf extract (C6T2), with a
recorded value of 57.27 (Table 1).

Germination percentage, VI and seed infection at 6 months after storing

The germination percentage was highest (94.33%) after 6 months in the polythene bag containing neem leaf
extract (C5T2), followed by the polythene bag containing garlic clove extract. We measured the efficiency of C5T3
at 90.33%, and the efficiency of the polythene bag containing mahogany leaf extract (C5T4) at 91.00%. Treating
seeds with garlic clove extract (C6T4) and storing them in a gunny bag resulted in the lowest germination rate
(64.00%). The polythene bag treated with neem leaf extract (C5T2) had the greatest vigor index, measuring 99.40.
Garlic clove extract treated the gunny bag next. The gunny bag treated with mahogany leaf extract (C6T4) had the
lowest VI value, 45.77. The highest rate of seed infection, at 39.17%, was observed in C1T2 (a cotton fabric bag
treated with neem leaf extract), which was comparable to the infection rate of 38.23% in C1T4. C5T4, which used
polythene bags containing mahogany leaf extract, had the lowest incidence of seed infection (5.87%). The seed
infection rates in the C5T2 and C5T3 treatments were 7.37% and 7.44%, respectively, which were statistically
indistinguishable from the infection rate in the C5T4 treatment. We also observed seed infection on the blotter
after 6 months. C5T4 (5.87%) had the lowest seed infection rate, storing seeds in a polythene bag containing
mahogany leaf extract. C5T2 (7.37%) and C5T3 (7.44%) followed, storing seeds in a polythene bag containing
neem leaf extract and a polythene bag containing garlic clove extract, respectively. The seed infection rate was
highest in C1T2, with a prevalence of 39.17%, followed by C1T4 with 38.23%, and C1T3 with 34.33%. The study
found that the seed infection rate was the lowest when using polythene bags, as shown in Table 1.

Effect of pre-sowing seed treatment on fungal association

Various compounds employed in pre-sowing seed treatment exhibited varying responses against seed-borne
fungi. The occurrence of Fusarium oxysporum varied from 0.50% to 6.67%. This fungus observed the highest
incidence of seed infection in seeds treated with fresh cow dung and the control group (6.67%), followed by both
mahogany leaf and seed extract (5.42%) and ash (5.41%). The lowest seed infection rate (0.50%) was found in
seeds treated with Provax-200, followed by garlic clove extract (1.67%) in the case of F. oxysporum. The incidence
of Alternaria tennuis infection was highest (5.75%) in the control group, followed by the seed coated with ash
(4.25%) and fresh cow dung (3.67%). The seed treated with Provax-200 had the lowest infection rate (0.33%),
followed by the garlic clove extract (1.08%). The prevalence of Stemphylium botryosum was highest in the control
group (6.17%), followed by the groups treated with fern leaf extract (3.67%), mahogany leaf extract, and fresh
cow dung (3.50%). The seed treated with Provax-200 had the lowest infection rate (0.17%), followed by the garlic
clove extract (0.58%). Curvularia luanata caused the highest incidence of seed infection in the control group
(5.25%), followed by the fern leaf extract group (2.33%) and the mahogany leaf extract group (2.25%). The seed
treated with Provax-200 (0.50%) had the lowest incidence of fungal infection, followed by the garlic clove extract
and the seed coated with ash (0.92%). The control group displayed the highest occurrence of Penicillium
cladosporium association with seed (9.92%), followed by both mahogany seed extract and fern leaf extract
(7.50%), and ash coating (6.42%). The fungus was least prevalent in the seed treated with Provax-200 (1.08%)
and somewhat more prevalent in the seed treated with garlic clove extract (1.75%). Aspergillus niger caused the
most significant seed infection in the seed treated with cow urine (9.33%), followed by fresh cow dung (9.00%)
and mahogany seed extract (8.92%). The seed treated with Provax-200 had the lowest incidence of infection
(2.83%), followed by the garlic clove extract treatment (3.65%). The control group had the highest prevalence of
Aspergillus flavus (10.25%), followed by groups T7, T3, and T6. A. flavus caused the lowest seed infection in the
Provax-200, with a rate of 2.92%, followed by garlic clove extract at 1.67%. The control group had the highest
incidence of seed infection by Aspergillus ochraceous at 6.25%, followed by the mahogany leaf extract group at
4.50% and the mahogany seed extract group at 4.42%. The seed treated with Provax-200 had the lowest infection
rate by this fungus, at 0.17%, followed by the garlic clove extract at 2.92%. The control group had the highest rate
of Aspergillus parasiticus seed infection, with a prevalence of 3.50%, which was comparable to other groups. The
sequence begins with the application of mahogany seed extract, followed by cow urine (3.41%). The seed treated
with Provax-200 (0.08%) had the lowest incidence of infection by A. parasiticus, followed by the garlic clove
extract treatment (1.50%). Both the control group and the fern leaf extract group showed the highest association
of Aspergillus candidus (2.92%), followed by the datura leaf extract and ash group (2.42%). The seed treated with
Provax-200 had the lowest association rate of 0.58%, whereas the garlic clove extract had a slightly higher
association rate of 1.00%.. We computed the percentage increase in seed infection compared to the control. The
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seed infection showed the greatest enhancement in Provax-200 (87.81%), followed by garlic clove extract
(74.70%) and fresh cow dung-coated seed (60.64%). The seed infection showed the least improvement in
mahogany seed extract (28.40%), followed by mahogany leaf extract (28.82%), as indicated in Table 2.

Tablel. Effect of different container and plant extract on seed germination, seedling vigor and percent seed
infection

Treatments % % % Vlat2 VI at 4 VI at 6 % seed
Germination2 Germination 4 Germination 6 months months months infectionat
months months months 6 months

C1T1 82.33ij 80.00jk 65.33h 65.87h 66.77hij  50.30hi 34.41b
ClT2 83.33hij 81.33jk 67.00gh 73.33e  71.57e-h  59.30g 39.17a
C1T3 84.009g-j 80.33jk 68.33gh 66.36gh  63.72ijk  54.05h 34.33b
ClT4 82.67ij 80.67jk 65.33h 64.77hi  62.92ijk  51.81h 38.23a
C2T1 87.00d-h 85.00e-i 71.33fg 78.30d 76.22c-f  63.90f  32.04bc
C2T12 88.00c-f 85.67d-h 74.67ef 78.32d 76.26¢c-f  65.90f  26.50efg
C2T13 87.33c-g 85.00e-i 73.67ef 70.74ef  68.85ghi  58.65g  26.05e-h
C2T4 87.00d-h 84.67f-i 77.33e 71.05ef  68.06ghi  63.99f  27.13def
C3T1 85.33e-i 83.33g-j 77.67¢ 68.28fgh  66.66hij  62.70fg  28.19de
C3T2 85.33e-i 83.33g-j 68.00gh 67.41fgh  63.18ijk  54.02h  24.18fgh
C3T3 84.33fj 82.33h-k 66.33h 60.72j 59.72jk  50.28hi  23.60gh
C3T4 84.00g-j 82.33h-k 75.67ef 59.64j 64.04ijk  54.30h 22.83h
C4T1 90.67bcd 88.67b-e 86.67bcd 77.97d  78.03cde  72.35de 9.78jk
CaAT2 90.33hcd 88.33b-f 85.33cd 78.90d 78.90cd  76.44cd 12.41j
C4T3 89.67hcd 88.00b-f 87.67hcd 80.10d  74.83c-g 77.52c 10.14jk
CAT4 88.33b-e 86.33c-g 84.00d 69.78efg  73.50d-h  71.54e 12.41j
C5T1 92.00b 90.00bc 89.00bc 83.72c 81.06¢ 87.28b 7.65kI
C5T2 96.00a 94.00a 94.33a 105.60a  102.44a  99.40a 7.37Kkl
C5T3 91.00bc 89.00bcd 91.00ab 90.09b 88.11b 83.71b 7.44Kkl
C5T4 92.00b 90.33b 91.00ab 70.84ef  69.56f-i 70.84e 5.871
C6T1 81.67ij 79.67jk 66.00h 61.25ij 59.95jk 50.58h  30.42cd
C6T2 82.67ij 80.67jk 73.67¢ef 58.69j 57.27k 50.13hi 18.60i
C6T3 80.67j 78.67k 66.67h 62.13ij 60.57jk 51.23h  27.77de
CeéT4 83.33ij 80.33jk 64.00h 59.28] 57.48k 45.77i 27.85de
CV (%) 2.32 2.34 2.26 2.86 5.44 4.10 8.37
F-test *k * *k * * * Hok

N.B. VI= Vigor index, C1=Cloth bag, C2=Tin container, C3=Earthen pot, C4=Plastic container, C5=Polythene bag and C6=Gunny Bag;
T1=Piper betel, T2=Neem leaf, T3= Garlic T4=Mahogany leaf. Mean(s) followed by common letter(s) do not differ significantly at 0.05
level. *=significant at 0.05 level, **=significant at 0.01 level.

Germination percentage influenced by pre-sowing seed treatment

The germination percentages were recorded and found to be highest in the seed treated with Provax-200
(93%), followed by garlic clove extract (81.42%) and datura leaf extract (79.17%). The seed treated with fresh
cow dung exhibited the lowest germination percentage, which was 56.50% (Figure 3).
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Table 2. Fungal infection in lentil seed treated with biological agents and fungicide

Treatmnts % fungal infection

Fusarium  Alternaria Stemphylium Curvularia Penicillium Aspergillu A. flavus A A. A. Total %

oxysporum _tennuis _ Botryosum Lunata  cladosporium sNiger ochraceous paraciticus _candidus Improve-ment
T1 1.67 1.08 0.58 0.92 1.75 3.65 2.92 0.83 1.50 1.00 15.90 74.70
T2 4.33 3.33 2.83 1.83 5.83 6.50 5.75 3.25 2.08 2.42 38.15 39.30
T3 5.42 3.42 3.50 2.25 6.33 8.75 6.42 4.50 2.48 1.67 4474 28.82
T4 5.42 3.58 3.33 2.08 7.50 8.92 4.17 4.42 3.50 2.08 45.00 28.40
T5 3.83 2.58 3.67 2.33 7.50 8.08 5.42 2.67 3.08 2.92 42.08 33.04
T6 5.41 4.25 3.17 0.92 6.42 8.08 6.25 4.00 2.67 242 43.59 30.64
T7 6.67 3.67 3.50 1.50 5.50 9.00 6.58 2.83 2.50 1.92 43.67 60.64
T8 4.42 2.92 3.00 1.50 6.17 9.33 5.33 2.83 341 2.17 41.08 34.64
T9 0.50 0.33 0.17 0.50 1.08 2.83 1.67 0.17 0.08 0.58 791 87.41
T10 6.67 5.75 6.17 5.25 9.92 6.17 10.25 6.25 3.50 2.92 62.85

Mean+SE  4.43+0.78 3.09+0.64 2.99+0.67  1.91+0.25 5.80+0.84 7.13+0.77 5.48+0.72 3.18+0.71 2.48+0.45 2.01+0.45

N.B. T1=Garlic clove extract, T2=Datura leaf extract, T3= Mahogany leaf extract, T4= Mahogany seed extract, T5= Fern leaf extract, T6-
Coated with ash,T7= Coated with fresh cow dung, T8= Cow urine, T9= Provax-200 and T10= Control (untreated)

120

100

80

Germination
=

60 |

40+
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Treatment
Figure 3. Effect of seed treatment by biological agents and fungicide on seed germination

DISCUSSION

It was clearly shown that lentil seeds stored in a polythene bag with neem leaf extract did better than other
treatments when it came to germination, vigor index, and seed infection (Table 1). We found that the durability of
lentil seeds significantly diminished as the storage time increased. Sadhu and Kar (2009) found comparable results
when using neem extract to treat blackgram seeds. Additionally, researchers found that lentil seeds retain their
vitality more effectively in a polythene bag than in other types of bags or containers. Kashem et al. (2005) observed
in their study that storing lentil seeds in a polythene bag improved germination, plant growth, and seedling vigor.
However, Prashant et al. (2007) discovered that piper betel is more efficient in preserving the germination and
vigor of rice seeds. Both this study and earlier related studies demonstrate that storing seeds with the appropriate
moisture content in an airtight container results in improved health. A container that lacks total air-tightness fails
to prevent air from coming into contact with the seed. This results in the absorption of moisture from the air, which
stimulates the seed's physiological processes and allows seed-borne fungus to cause the seed's health to decline
over time.

Polythene bags prevent external air from entering the seed, whereas cloth and gunny bags do not. Presumably,
external air manages to infiltrate the plastic and tin containers. The results clearly demonstrate that the seed-treating
fungicide Provax-200 had a significant impact on lowering the presence of fungus by 87.41% and boosting the
germination percentage of lentil seeds by 39.49% (Table 2 and Figure 3). Uddin's (2009) study found that Vitavax-
200, formerly known as Provex-200, was the most effective in reducing seed-borne infections in lentils. Afzal et
al. (1999) also found that applying Vitavax-200 to the seeds decreased the occurrence of foot and root rot in lentil
plants. Mortuza et al. (2002) found that the use of Captan fungicide effectively suppressed Fusarium wilt in
chickpeas, as well as the fungi Aspergillus niger and A. flavus. Garlic clove extract, datura leaf extract, and fern
leaf extract decreased fungal association by 74.78%, 39.30%, and 33.04%, respectively, while increasing seed
germination by 22.30%, 18.89%, and 10.15%, respectively. Hermansen et al. (1999) claimed that using biological
agents to treat seeds had no impact on carrots. However, our study's findings contradict this claim and align with
Alice and Rao's (1994) research. They found that using garlic clove extract effectively controlled seed-borne
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diseases in rice caused by Drechslera oryzae. This investigation corroborates the findings of Khan and Kumar
(1992) that garlic clove extract, ghagra, vatpata, and bishkatali leaf extract effectively decreased the occurrence of
fungus in wheat seeds. In their study, Yasmeen and Saxena (1992) discovered that plant extracts can effectively
inhibit seed-borne fungi. The majority of researchers have concluded that fungicides are the most efficacious
means of controlling seed-borne fungus, surpassing other agents (Mortuza and Bhuiya 1988). Fungicides are potent
chemical substances that possess the ability to effectively eliminate and inhibit fungus growth. Additionally, their
residual properties provide protection to germinating seeds by preventing the transmission of pathogens present in
the soil. Fungal infections were lowered by 28.82%, 28.40%, 30.64%, 60.64%, and 34.64% when mahogany leaf
extract (T3), mahogany seed extract (T4), ash-coated seeds (T6), fresh cow dung-coated seeds (T7), and cow urine
(T8) were used. However, the study also revealed a reduction in germination rates compared to the control group,
with reductions of 5.62%, 4.63%, 7.12%, 15.25%, and 3.25%, respectively. The effects on germination exhibit
inconsistency. These biological substances may have a detrimental effect on the lentil embryo, leading to a
decrease in the percentage of germination. It was found that adding undecomposed cow dung to the soil cut down
on fungal infections by 60.64% and germination by 15.25% compared to the control group, which had the biggest
drop. According to Sherfudeen et al. (2015), undecomposed cow manure has the ability to kill bacteria and germs.

CONCLUSION

This study explored effective methods for preserving lentil seeds using various storage containers and
botanical treatments to enhance germination, vigor, and reduce seed-borne fungal infections. Lentil seeds stored
in polythene bags with neem leaf extract showed the highest germination rates, vigor indices, and lowest fungal
infections over six months. Provax-200 fungicide reduced fungal infections by 87.41% and increased
germination by 39.49%, while garlic clove extract also significantly improved seed health. These findings
highlight the effectiveness of polythene bags with neem extract and fungicides like Provax-200 for seed
preservation. Future research should examine the long-term impacts and sustainability of these treatments. Our
study provides valuable guidelines for improving lentil seed preservation and agricultural productivity.
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INTRODUCTION

Non-alcoholic drinks include bottled water, coffee and tea, soft drinks, juices and other similar products. The
latest trends in this industry are consumer products that focus on health and wellness. Functional and fermented of
non-alcoholic beverages goal to provide some benefit to the different consumer groups beyond thirst-quenching
or flavour (Anonymous, 2024). In recent years, the increasing demand for functional beverages has accelerated
product development efforts and the introduction of different products into the sector. In particular, several studies
have been conducted on innovative functional drinks using different fruits and herbal extracts (Balaswamy et al.,
2011; Jooyandeh, 2015; Nanasombat et al., 2019; Aguilar et al., 2018; Din et al., 2019; Idan et al., 2021; Bendaali
et al., 2022; Paredes et al., 2022; Nikolaou et al., 2023).

Flavonoids having a protective role against human diseases such as inhibition of plasma platelet aggregation,
radical scavenging activity and exhibiting antibacterial, antiviral and anti-allergenic effects are phenolic
compounds and abundant in foods and beverages of herbal origin (Yang et al., 2009; de la Bastida et al., 2022;).
The flavan-3-ols, flavonols and anthocyanins are in the flavonoid group. The sour grapes contain considerable
amounts of polyphenols, as ripe grapes (Hayoglu et al., 2009; Sabir et al., 2010). Polyphenol content varies
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depending on maturity, culture, soil and environmental conditions (Sabir et al., 2010). Accordingly, phenolic
compounds can also be found in considerable amounts in ripe grape and sour grape-based beverages. Sour grape
juice or concentrate has a distinctive tartaric flavour with high acidity, polyphenol content. It can be used to acidify,
source polyphenols and flavour drinks. On the other hand, tea drinks are also an important source of phenolic
compounds (Wang et al., 2000; Henning et al., 2003; Serpen et al., 2012; Korkmaz et al., 2019; Thennakoon et al.,
2022).

Ingredient stability is one of the most critical parameters of stored beverages. These ingredients are generally
carbohydrates, proteins, acids, vitamins and phenolics. In particular, parameters such as pH, acidity and total
soluble solid (TSS) are monitored to provide information on whether there is any microbial change in the beverages
both during processing and storage. However, it is necessary to analyze the relevant components when monitoring
of reduction of nutritional compounds. The effects of storage conditions on physical, chemical, microbial and
sensory parameters of soft drinks being fruit-based soft drinks and tea drinks have been investigated by many
researchers (Spanos and Wrolstad, 1990; Wang et al., 2000; Balaswamy et al.,2011; Genova et al., 2012; Yadav
et al., 2013; Jooyandeh, 2015; Din et al., 2019; Omokpariola, 2022; Kumar et al., 2023). However, studies on the
storage stability and changes in carbonated drinks, sorbets and ice tea produced with the addition of sour grape
concentrate are limited. Furthermore, there are no studies on the changes of flavan-3-ols, which are found in
significant amounts in tea-based beverages, under different storage conditions.

The aim of this study was to reveal the impacts of different storage temperatures and times on the physico-
chemical properties, flavonoid and organic acid contents of sodas, sherbets and ice tea prepared by adding sour
grape concentrate. In addition, the study aims to determine the changes in flavan-3-ols, one of the most important
components of tea drinks, as a consequence of storage conditions.

MATERIALS AND METHODS

Preparation of the samples

The material of this study consists of drinks produced with the addition of sour grape concentrate. These drinks
were soda (carbonated drinks or gaseous), sherbet and ice tea. The brix-acid ratios were used to design the drinks.
These ratios were determined to commercial beverages and previous literature (Plestenjak et al., 2001; Balaswamy
etal., 2011; Jooyandeh, H., 2015). The TSS of the sour grape juice concentrate used for beverage production was
45°Brix. The pH and acidity of this concentrate were 2.50 and 19.3 g/L, respectively. The soluble solids values
were set at 10°Brix for the soda and sherbet samples and 8°Brix for the ice tea samples. For the production of
sherbet samples, the brix-acid ratio was adjusted to 20 by adding sour grape concentrate and sugar syrup. The
samples were then filled into 250cc bottles, closed with crown caps and pasteurized (85°C/15 min). To produce
soda, sugar syrup and sour grape concentrate were mixed with carbonated water and the final brix-acid ratio was
adjusted to 30. These mixtures were then bottled and sealed. In accordance with the Turkish Food Codex
Communiqué on Non-Alcoholic Beverages (2007/26), sorbic acid (0.25 g/L) and benzoic acid (0.15 g/L) were
used as preservatives. To prepare ice tea, black tea (0.75 kg Caykur Kamelya, Tirkiye) was infused (15 min) and
diluted 2-fold with boiled aqua. Then sugar syrup, infused black tea and sour grape concentrate were mixed and
the final brix-acid ratio was adjusted to 35. The iced tea produced was bottled and closed. The bottles were
pasteurized at 85°C for 15 minutes.

Measurement of soluble solids, acidity and brix-acid

The soluble solids values of the samples were measured directly using a refractometer (Hanna HI196801,
Romania). Total acidity was determined by the titration method. 10 mL sample was titrated by 0.1 N NaOH to pH
8.1 and the acidity value was expressed as tartaric acid equivalent (Ough and Amerine, 1988). The brix-acid ratio
was calculated by proportioning the soluble solids value to the total acid.

Determination of flavonoids

The aluminium chloride colorimetric method was used to analyze the total flavonoids in the samples (Zhishen
et al., 1999). The 1 mL of beverage was diluted with 4 mL of distilled water, and 300 pL of sodium nitrite (%5)
was added to the diluted sample. After incubation for 5 minutes, 300 pL of %210 aluminium chloride was added
to the mixture and incubated for 6 minutes. Then 2 mL sodium hydroxide (1 molar) was added and the final volume
was adjusted to 10 mL with distilled water. A spectrophotometer (Thermo Sci., Multiskango, Finland) was used
to measure the absorbance of the samples at 510 nm. Flavonoid results were expressed as catechin equivalents
(mg/L).

Determination of organic acids

The analysis of tartaric and malic acids in the beverages was carried out with slight modifications of the method
previously described by Castellari et al. (2000). An Agilent 1260 HPLC system (Quat pump, degas unit,
autosampler, column oven, DAD detector and Lab advisor chemstation software) was used for the analysis. The
10 mL diluted sample was filtered through a 0.45 PTFE syringe filter and injected directly into the system. The
column temperature was set at 30 °C and the elution time was 12 minutes. The measuring wavelength was 210
nm. The flow rate was set to 1 mL per minute for isocratic flow. Separation was performed on an Agilent ODS
C18 column (250 x 4.6 mm, 5 um). The mobile phase was 0.05 N H,SO.. The concentrations of tartaric and malic
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acids in the samples were detected by comparing their retention times and spectra with those of analytical standard
solutions. The analysis was conducted at a wavelength of 210 nm. Results were calculated using the calibration
curves and presented as g/L.

Determination of flavan-3-ols

The HPLC analysis of flavan-3-ols was performed according to the method previously described by Porgali
and Buiyuktuncel (2012) with slight modifications. The HPLC system (Agilent 1260, USA) consisted of a diode
array detector (DAD), a quaternary pump, an autosampler, a degasser and a column oven. The software system
was Agilent lab advisor chemstation. A C18 Inertsil ODS-3 reversed-phase column (250 x 4.6 mm, 5 pm) was
used for the separation of flavan-3-ols. Beverage samples were adequately diluted with mobile phase and passed
through a PTFE syringe filter (0.45 um, Sartorius, Germany) before injection into the instrument. The mobile
phase was methanol: HPLC water: formic acid (19.5:80.2:0.3) and the flow was isocratic. The column oven was
set at 40 °C. The flow rate was 1 ml/min and the injection volume was 5 pL. Detection of flavan-3-ols was carried
out at a wavelength of 280 nm. Chromatographic analysis was performed in triplicate and retention times and UV
spectra of analytical phenolic standards were used for compound identification.

Storage conditions

The beverages were stored at different temperatures to determine the effect of storage conditions. Cold storage
(~4°C), room conditions (~24°C) and temperature-controlled storage (20+1°C) were used for storage during six
months. A refrigerator was used to create the cold storage conditions and the temperature was set at ~4°C. The
beverages were stored a temperature-controlled storage and the temperature was set at 20£1°C. A normal
temperature uncontrolled storage was used for storing beverages at room conditions (~24°C). Beverages were
analyzed for physicochemical properties, organic acids, flavonoids and flavan-3-ols for every two months up to
the end of storage.

Statistical analysis

In the current study, all analyses and treatments were carried out in triplicate. The mean values of the results
were displayed with their standard deviations. The data were evaluated by one-way analysis of variance with
Duncan’s multiple comparison test using by SPSS IBM Statistics program (p<0.05). Principal component analysis
(PCA) was conducted to determine the relationships among the physicochemical parameters, organic acids and
flavan-3-ols of the iced tea samples.

RESULTS AND DISCUSSION

In the current study, the effects of storage time and temperature on beverages were evaluated. The physico-
chemical parameters of the soft drinks were presented in Table 1. Total acidity values ranged from 0.37 to 0.40%
at 4°C, 0.38 to 0.51% at 20°C and 0.35 to 0.48% at 24°C for sodas depending on storage time. These values
changed between 0.24 and 0.28% at 4°C, 0.24 to 0.26% at 20°C and 24°C for ice tea samples. Total acidity of
sherbets was between 0.47 and 0.50%. The highest acidity variance with storage conditions was observed for
sodas. The changes in acidity of the samples were also presented as a graphical on Figure 1.
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Figure 1. The changes in the total acidity of the soft drinks
*Cold storage: ~4 °C; temperature-controlled storage: 20°C; room conditions: ~24°C.

The TSS values varied between 10.67 and 11.30°Brix at 4°C, 10.77 and 11.47°Brix at 20°C and 10.80 and
11.80°Brix at 24°C for sodas during six months. These values ranged from 7.87 to 8.40°Brix for ice tea samples
and 10.27 to 10.84°Brix for sherbets according to the storage temperature and time. There were no significant
guantitative changes in TSS values among treatments for ice tea and sherbets, although the differences were
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statistically significant at the p<0.05 level. Soda TSS values showed a higher variation than other samples. The

TSS changes of the soft drinks were graphically illustrated on Figure 2 also.

Table 1. The changes in physico-chemical parameters with storage conditions.

Soft Drinks Storage Storage time, Total acidity, % TSS, °Brix °Brix/Acid
temperature months

Initial 0.35£0.01 10.3320.60 29.51+0.74

Cold storage, 2 0.400.01° 11.03£0.05° 27.44+0.13°
4°C 4t 0.370.01¢ 10.67+0.05° 28.57+0.142

g 0.470.01° 11.300.01% 24.13+0.39°

Soda Controlled storags 21 0.430.01° 11.47+0.10° 26.95£0.01°
ortaies 4t 0.380.01° 11.10£0.17) 29.29+0.012

gt 0.510.01° 10.7740.19° 21.30+0.01°
Room conditions 2 0.350.01° 11.800.08? 34.15024°

Bt 4 0.38+0.01 10.80£0.01° 28.47+0.31

B 0.48+0.01° 11.67+0.05" 23.4420.30°

Initial 0.23£0.01 8.070.06 35.7520.23
Cold storage, 2nd 0.24+0.01° 8.400.05° 35.2720.14°

4°C 4t 0.28+0.01° 8.1040.01° 29.27+0.18°

6 0.250.01° 8.20+0.01° 32.68+0.46
oo Tea Controlled storage 2m 0.240.01° 8.300.01° 34.32+0.30°
b 4t 0.260.01° 8.17+0.05 31.53+0.10°
Bt 0.25:0.01° 8.20£0.01° 32.390.23"
it 2 0.24+0.01° 8.23+0.05° 34.68+0.25°
Room Z"E’JC'“O”S' 4t 0.260.012 7.87+0.05¢ 29.92+0.34°
B 0.25:0.01° 8.07+0.05 31.95+0.28"

Initial 0.48+0.01 10.40£0.0.01 21.7620.18
Cold storage, 2 0.480.01° 10.87+0.05° 22.65+0.23"
4°C 4t 0.49+0.012 10.33£0.05° 21.1240.11°
B 0.49+0.01° 10.57+0.05" 21.49+0.23"

Sherbet Controlled storage 2 0.490.01° 10.80£0.14° 22.1020.29
e 4t 0.49+0.01° 10.50+0.01° 21.61+0.28

B 0.470.01° 10.27+0.05° 22.12+0.36

. it 2 0.500.01° 10.67+0.05 21.230.53

oom ;j’;c'“O"S' At 0.48+0.01° 10.60£0.01 21.9620.11

6 0.48+0.01° 10.57+0.05 21.9420.19

* Means followed by different letters within each column and beverage are significantly different at p<0.05. TSS: Total soluble solids.

The differences in brix-acid ratios were statistically significant for all samples and storage conditions (p<0.05)
except for sherbets stored at 20 and 24°C temperatures (p>0.05). These scores varied from 21.30 to 34.15 in sodas,
29.27 t0 35.27 in ice tea samples and 21.12 to 22.65 in sherbets.

Preserving of the freshness and taste of the food is one of the purposes of storing products. The ratio of soluble
solids to the total acidity is one of the most important parameters affecting the edibility and taste of foods,
especially beverages. Changes in TSS and acidity provide information not only about the brix-acid, but also about
the microbial activities in the soft drinks. The acidity and TSS values of ice tea and sherbet samples were
statistically significant depending on the different storage conditions. However, the differences between these
results were relatively minor in quantitative terms. This situation also affected the brix-acid ratios in the same
direction. However, these values varied more in soda samples than in other samples. In particular, total acidity and
TSS in soda samples increased depending on the storage time, and brix-acid ratios were affected accordingly. It is
thought that this change may be due to a change in carbonation in soda samples. The increase in the acidity values
of soda beverages with the storage period was compatible with the results of previous studies (Umeocho et al.,
2021; Jooyandeh, 2015). Furthermore, Jooyandeh (2015) stated that the increase in acidity and decrease in pH
were caused by the production of CO, forming weak acids upon dissolution in naturally carbonated fruit juices.
Balaswamy et al. (2011) expressed that the changes in acidity and TSS were negligible after 6 months of storage
period at room temperature in sour grape-based carbonated and non-carbonated beverages. The TSS findings of
the current study are in agreement with the results of Balaswamy et al. (2011). It is thought that the acidity and
TSS values of sherbet and ice tea as they were pasteurized changed less depending on different storage conditions
compared to soda samples.
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Figure 2. Total soluble solids change of the samples during storage
*Cold storage: ~4 °C; temperature-controlled storage: 20°C; room conditions: ~24°C.

The organic acids and total flavonoids of the samples were presented in Table 2. The Total flavonoid content
in the sodas could not be detected because of the low concentration. Since the spectrophotometric method was
used in the analysis of total flavonoids, low flavonoid values could no measured.

Table 2. Total flavonoids, malic and tartaric acids in soft drinks

Soft Storage Storage time, Total flavonoid, L L

Drinks temperzg[ure mc?nths mg/L Tartaric acid, g/L  Malic acid, g/L

Initial nd 0.120.05 3.00£0.34

Cold storage, 21 nd 0.12+0.01° 3.370.01°

4°C 4t nd 0.140.01? 2.89+0.01°

6" nd 0.08+0.01° 2.98+0.01°

Soda . rolled storage 2nd nd 0.12+0.01° 3.22+0.01°

rtaies 4t nd 0.110.01¢ 3.16+0.01°

6" nd 0.130.01? 2.85+0.01°

y 20 nd 0.110.01° 2.94+0.01°

Room conditions 4 nd 0.1040.01° 3.09+0,01°

6" nd 0.14:0.01? 2.93+0.01°

Initial 123.97+13.62 0.08+0.01 1.87+0.10

Cold storage, 2nd 127.65%8.26 0.07£0.01° 1.85:0.02

4°C 4t 120.59+6.76 0.04+0.01° 1.98+0.02

6" 115.595.29 0.05+0.01° 1.99+0.07

lceTea  Controlled storage 21 102.45:4.60° 0.070.01? 1.83+0.01°

rtaies 4t 117.35+10.81° 0.04+0.01° 1.97+0.012

6" 144.70+8.80° 0.05+0.01° 1.890.01°

Room conditions 2nd 120.10+2.37% 0.100.04 1.79+0.04

ono 4t 128.82+8.83° 0.050.01 1.95+0.01

6" 98.38+9.26" 0.04+0.01 1.79+0.15

Initial 4.34+0.25 0.42+0.01 4.13+0.03

Cold storage, 21 5.140.17% 0.29+0.01° 5.000.01°

4°C At 3.970.83° 0.22+0.01° 4.61£0.01°

6 7.010.97° 0.23+0.01° 4.480.01°

Sherbet  Controlled storage 2nd 5.76+0.66 0.300.01° 4.77+0.01°

spoa o At 4.73+0.36 0.23+0.01° 4.54+0.01°

6" 6.5420.71 0.23+0.01° 4.37+0.01°

g 2nd 4.93+0.11 0.30£0.01° 4.690.02°

Room;jﬂg'“ons' 4t 6.01+1.01 0.22+0.01¢ 4.59+0.01°

6 7.51+0.72 0.23+0.01° 4.44+0.01°

* Means followed by different letters within each column and soft drink are significantly different at p<0.05. nd: not detected.
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The tartaric and malic acid concentrations of the soft drinks during the storage period were analyzed, and their
changes were evaluated. The tartaric acid values were 0.08-0.14 g/L for sodas, 0.05-0.10 g/L for ice tea samples
and 0.23-0.30 g/L for sherbets. While the tartaric acid content of the soda samples stored at 4°C decreased with
increasing storage time, this decrease was not observed in the samples stored at 20 and 24°C. On the other hand,
with increasing storage time, tartaric acid content decreased slightly in iced tea and sherbets. The changes in tartaric
acid of the soft drinks were shown on Figure 3. The tartaric acid concentration of sherbet decreased dramatically
during the storage period, in particular during the first two months. The ice tea and soda drink samples were more
stable than sherbets in terms of tartaric acid contents. The changes in the tartaric acid composition of the beverages
were no statistically significant as a function of storage temperature. However, the storage durations affected these
values. In particular, the tartaric acid concentration of the sherbet samples decreased significantly with increasing
storage time. This was due to the crystallization and sedimentation of tartaric acid as a consequence of storage
duration.

B Soda =& -lce Tea --4-- Sherbet
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04 ®.
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Storage temperature and time (months)

Figure 3. Tartaric acid changes in soft drinks during storage
*Cold storage: ~4 °C; temperature-controlled storage: 20°C; room conditions: ~24°C.

The main organic acid was malic acid in sodas, sherbets and ice tea samples produced by adding sour grape
concentrate. The concentration of tartaric acid was lower than malic acid. Malic acid is a carboxylic acid and is
found in many fruits and vegetables as the L-isomer form. It has a smooth taste and its DL-form is used as a
flavouring and preservative in foods (Marques et al.,2020). The concentration of malic acid in each soft drink
varied with storage temperature and time. The malic acid concentrations ranged from 2.98 to 3.37 g/L at 4°C, 2.85
to 3.16 g/L at 20°C and 2.93 to 3.04 g/L at 24°C for sodas during storage period. These concentrations varied
between 1.85 and 1.99 g/L at 4°C, 1.83 and 1.97 g/L at 20°C and 1.79 and 1.95 g/L at 24°C for ice tea samples.
While the change in the malic acid content of the soda samples was statistically significant for all three storage
temperatures as a function of the storage time, it was only found to be statistically significant for the iced tea
samples at the 20 °C condition (p<0.05). On the other hand, the malic acid content of the sherbets decreased
depending on the storage time, especially after two-months storage. The malic acid concentation of ice tea was
more stable than that of other soft drinks.

The flavonoid contents in ice tea samples were higher than in other soft drinks. In ice tea samples, the flavonoid
contents ranged from 115.59 to 127.65 mg/L at 4 °C, 117.35 to 144.70 mg/L at 20 °C and 98.38 to 128.82 mg/L at
24 °C. In sherbets, these values changed between 3.97 and 7.01 mg/L at 4 °C, 4.73 and 6.54 mg/L at 20 °C and
4.93 and 7.51 mg/L at 24 °C. The changes in flavonoid content of the ice tea samples were showed on Figure 4.
The differences in flavonoid content of ice tea stored at 20 and 24°C were statistically significant according to
storage temperatures (p>0.05). In additon, the differences between sherbet flavonoid concentrations for 4°C
storage temperatures were statistically significant at the p<0.05 level also. It is thought that the flavonoid content
of ice tea samples decreased slightly with the precipitation occurring depending on the time stored at 4 °C. This
difference was no significant as statistical. However, storage in room conditions at 24 °C caused a time-dependent
decrease in flavonoids, probably due to temperature changes under uncontrolled conditions. Flavonoids were better
preserved in storage at 20°C, which was determined as a controlled storage temperature. The increase of flavonoids
depending on the duration may have been caused by the collapse of the turbidity factor components over time and
accordingly, a percentage increase in the concentration of flavonoids in the unit dry matter.
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Figure 4. Total flavonoid changes in the iced tea samples during storage
*Cold storage: ~4 °C; temperature-controlled storage: 20°C; room conditions: ~24°C.
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Flavonoids, consisting of flavan-3-ols, flavonols, and anthocyanins, are active polyphenols as biological and
have high antioxidant power (Thennakoon et al., 2022). The flavonoid content of sherbet and soda were no
remarkable compared to the ice tea when considering the soft drinks examined. According to these findings, almost
all of the flavonoids in the produced beverages were originated by tea and its very low part by sour grape
concentrate. In addition, the flavonoid content of iced tea was statistically more stable during storage than that of
the sherbet. In a study comparing the properties of black and green tea, the flavonoid content varied between 0.47-
5.15 mg QE/g in brewed black tea and 0.31-2.68 mg QE/g in green tea (Thennakoon ve ark., 2022). Aydemir et al
(2023) found that the total flavonoid concentrations of 79 different black tea samples varied from 10.5 to 90.2 mg
QE/g DW depending on the brewing time. In this study, the flavonoid findings obtained from ice tea samples were
lower than in previous literature. It is thought that this situation may be caused by the tea variety and growing
area, as well as the processing technique. In another study, Din et al. (2019) stated that the phenolic content of
carbonated ice tea samples made from tea brewed in different proportions decreased significantly during the 90-
day storage period. The results of the current study were no compatible with this literature. This difference may
be caused by the process differences and the use of preservatives.

The variation of flavan-3-ols in iced tea samples as a consequence of storage condition was presented in Table
3. The flavan-3-ols in the ice tea samples were analyzed every two months during the storage period. The
concentrations of (+)-catechin (CA), (-)-epicatechin (EC), (-)-epicatechin gallate (ECG) and (-)-epigallocatechin
gallate (EGCG) altered between 27.10 and 48.50 pg/mL, 36.81 and 60.15 pg/mL, 5.25 and 8.43 pg/mL and 6.87
and 19.11 pg/mL, respectively, depending on storage conditions.

Table 3. Alterations of flavan-3-ols in ice tea samples depending on storage conditions

DSrciJrf1tks Storage temperature Storﬁgﬁtﬁsme, CA, pg/mL  EC, pg/mL  ECG, pg/mL  EGCG, pg/mL
Initial 33.78+2.21 78.81+4.98 14.67+2.90 30.54+0.76

Cold storage, 2nd 28.65+2.25° 60.15+6.59  6.85+1.65 15.90+2.15

4°C 4t 48.50+1.70* 36.83+4.71  6.64+1.23 7.29+1.70

™ 46.36+1.74* 45.1746.63  6.39+0.84 7.26+1.74

lce Tea  Controlled storage 2nd 28.21+0.51° 51.91+7.90  8.43+0.65 19.11+1.19°
20 °C ’ 4t 46.38+1.10° 36.81+4.05  5.40+0.91° 12.04+2.19°

6t 45.29+0.78% 47.43+5.43  5.25+0.75° 12.03+2.22°

Room conditions 2nd 27.10+0.21° 59.45+6.42  6.22+0.05 10.83+1.01°

249C ' 4t 45.0245.26* 41.0247.67  6.39+0.59 6.87+2.03°

6t 44.45+4.76* 40.3547.42  6.31+0.45 7.14+2.17°

* Means followed by different letters within each column are significantly different at p<0.05. nd: CA: (+)-Catechin, EC: (-)-Epicatechin,
ECG: (-)-Epicatechin gallate, EGCG: (-)-Epigallocatechin gallate.

The alterations of flavan-3-ols in the ice tea samples were indicated graphically on Figure 5. EC, ECG and
EGCG concentrations decreased with increased storage time, but CA slightly increased. These results revealed
that the concentrations of flavan-3-ols having high antioxidant activity in ice tea could vary depending on the
storage conditions. As particular, the concentration of epicatechin derivatives decreased dramatically with storage
conditions in the present study. EC concentrations decreased by 42.68% for 4 °C, 39.81% for 20 °C and 48.80%
for 24 °C at the end of the storage. These declines were 56.44%, 64.21% and 56.99% for ECG cocentrations,
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respectively. In addition, EGCG contents decreased between 60.61 and 76.62% during storage durations. The
EGCG was the most sensitive component to storage conditions among the epicatechin derivatives investigated.
The current study reveals that there may be a dramatic decrease in epicatechin derivates in the storage of ice tea
beverages and this decrement rises from the second month of storage when all findings are taken into consideration.
Furthermore, the increase in storage temperatures may influence the changes in their concentrations.

2000 I #CA, pug/mL EC,pug/mL  =ECG, pug/mL EGCG, pg/mL
75.00

60.00 I
45.00
30.00

15.00

0.00

4th 6th 2nd
4°C 20°C
Storage temperature and time (months)

Initial 2nd

Figure 5. The changes in flavan-3-ols in the ice tea during storage (ug/mL)
*Cold storage: ~4 °C; temperature-controlled storage: 20°C; room conditions: ~24°C.

This study investigated the flavan-3-ols (CA, EC, ECG and EGCQG) in ice tea samples and their changes with
storage conditions. The flavan-3-ols in tea have biological benefits for human health. On average, 36 % of fresh
tea leaves are polyphenols, of which approximately 90 % are catechin phenolics (Luczaj and Skrzydlewska, 2005;
Skotnicka et al., 2011; Xu et al., 2023). The main flavan-3-ols in tea are CA, EC, ECG, EGCG and (-)-
epigallocatechin (EGC) (Henning et al., 2003; Skotnicka et al., 2011). In a study investigating the catechin
phenoalics in 11 black tea samples CA was found to be between 2.7 and 15.4 mg/100 mL, EC 1.1 and 9.0 mg/100
mL, ECG 1.4 and 21.3 mg/100 mL and EGCG 3.8 and 74.5 mg/100 mL. These compounds could be undetected
in the 2 ice tea samples investigated (Henning et al., 2003). EGCG and ECG concentrations in 7 different Turkish
black tea grades ranged from 1.06 to 3.16 mg/g DW and 0.73 to 2.54 mg/g DW, respectively (Erol et al., 2010).
In another study, the CA, EC, ECG and EGCG contents of black tea were reported to be 20 pg/mL, 37 pg/mL,
763 pg/mL and 128 pg/mL, respectively (Skotnicka et al., 2011). Serpen et al. (2012) determined the nutritional
and functional properties of seven grades of black tea produced in Turkiye. They reported that CA varied from
59.3 to 98.3 mg/100 mL, EC from 61.9 to 83.9 mg/100 mL, ECG from 89.5 to 115 mg/100 mL and EGCG from
102 to 155 mg/100 mL in seven different grades of black tea. CA, EC, ECG and EGCG were found to be 0.012-
0.156 pg/g, 0.579-4841 pg/g, 1087-5578 pg/g and 3.27-4376 ug/g, respectively in 79 black tea samples from
different origins (Aydemir et al., 2023). These references indicated that the concentration of flavan-3-ols in tea
could be varied dramatically depending on the variety, brewing conditions, production conditions and various
parameters such as origin. The results of this study regarding flavan-3-ols were compatible with the results of Xu
et al. (2023). They revealed that EGCG values were 4.5-182.7 mg/L, ECG values were 2.6-38.1 mg/L, EC values
were 2.3-20.4 mg/L and CA were 2.0-44.9 mg/L in 18 canned or bottled tea drinks.

PCA was used to provide additional information on the influence of the storage conditions on the soft drink
quality parameters and their relations with each other. Two main principal components accounted for 73.04 % of
the total variance. Principal component 1 (C1) and component 2 (C2) accounted for 59.21 and 13.83 % of the total
variance, respectively. C1 discriminated two months of storage from other storage times and clearly distinguished
the investigated flavan-3-ols except CA. In addition, TSS and brix-acid ratio dissociated similarly to flavan-3-ols.
PCA is generally used to simplify a large and complex set of data into a smaller set that is easier to understand.
The variables of PCA are defined as linear combinations of the original (Jayasuriya and Edirisinghe, 2016). For
this purpose, in this study, both the storage time and temperature of the investigated parameters and their
relationships with each other were evaluated together. This method was used to determine multidirectional
relationships between flavan-3-ols, organic acids and physico-chemical parameters in beverages depending on
storage conditions. The score plot and correlation scatterplots of the variables for PCA were indicated on Figure
6. PC1 discriminated the second month of storage from the other storage durations and perfectly separated
epicatechin derivatives (EC, ECG and EGCG) of ice tea samples by this storage condition. In addition, TSS, brix-
acid ratio and tartaric acid were also similarly separated by PC1. PC2 was associated with the EC, EGCG, TA,
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total flavonoid and acidity of soft drinks stored at 24°C for all storage times. Taking into account the results of the
PCA, a strong correlation was found between the two-month storage treatment and EC, ECG, EGCG, TA, brix-
acid ratio and TSS. Furthermore, four and six-month treatments at 4 and 20 °C were strongly correlated with the
total flavonoids, CA, MA and acidity. These findings provided us with information about on the relationship
between epicatechin derivatives and the physico-chemical properties of beverages and on how these components
can be better protected during storage.
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Figure 6. The score plot and correlation scatterplots of the variables for principal component analysis, with C1 and
C2 as a function of quality parameters from different storage conditions. TSS: Total soluble solid, Taste balance:
brix-acid ratio, FLD: Flavonoids, TA: Tartaric acid, MA: Malic acid, CA: (+)-Catechin, EC: (-)-Epicatechin, ECG:
(-)-Epicatechin gallate, EGCG: (-)-Epigallocatechin gallate, Storage temperatures: 4, 20 and 24 °C, Storage time:
2M 4™ and 6™ months.

CONCLUSION

This study revealed the effects of different storage conditions on the physico-chemical properties, flavonoid
and organic acid contents and flaval-3-ols concentrations of beverages produced by adding sour grape concentrate.
The acidity and TSS values of sherbet and ice tea samples changed less with different storage temperatures than
soda samples because they were pasteurized. Tartaric acid concentrations of ice tea and soda were more stable
during storage than sherbet. Malic acid was the main organic acid in the beverages. The flavonoid content of ice
tea was higher than that of other soft drinks.

The concentration of flavan-3-ols in ice tea varied significantly with the storage conditions and duration. The
levels of epicatechin, epigallocatechin and epigallocatechin gallate in ice tea samples decreased between an
average of 43.72 and 71.15% at the end of six months of storage. Epigallocatechin gallate concentrations decreased
by approximately 60-76% at the end of the storage compared to initial. There was a dramatic decrease in
epicatechin derivatives during storage of ice tea beverages and this decrease increased from the second month of
storage. Furthermore, increases in storage temperatures influenced the changes in their concentrations. Principal
component analysis showed that storage conditions affected the epicatechin derivatives in ice tea and the
physicochemical properties of beverages. The two-month storage was distinguished from other storage periods by
principal component analysis. In future studies, it is recommended that studies be carried out on the usability of
sour grape juice concentrate in different beverage and food products.
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