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AMAC VE KAPSAM

Gaziosmanpasa Universitesi Ziraat Fakiiltesinin 1985
yilindan beri hakemli v bilimse siireli yayinidir.Tokat
Gaziosmanpasa Universitesi Ziraat Fakiiltesi Dergisi,
Tarim bilimleri (tarim ekonomisi, zootekni, biyosistem
miihendisligi, tarla bitkileri, su iriinleri mithendisligi,
bahge bitkileri, bitki koruma, toprak bilimi ve bitki
besleme) alanindaki uluslararasi bilimsel makaleleri
Tiirkge ve Ingilizce olarak yaymlamay1 amaglamaktadr.
Dergi yilda en az iki kez basilir. 2014 yili itibariyle
senede 3 baski yapmustir.

YAYIN POLITIKASI

Dergide yaymlanacak makaleler Ingilizce yaymlanir.
Makaleler incelenmek iizere dergiye sorumlu yazar
tarafindan sunulur. Sunulan makalelerin baska bir yerde
yayinlanmamis olmasi gerekir. Telif Hakki Devir
Sozlesmesi Formu tiim yazarlar tarafindan imzalanmig
olmalidir.

Dergimizde yaymlanacak makaleler arastirma ve yaym
etigine uygun olmak zorundadir. Etik kurul karar
gerektiren klinik ve deneysel hayvan ¢aligmalari i¢in ayri
ayrt etik  kurul onayr alinmig olmali ve
belgelendirilmelidir. Dergimize goénderilecek bilimsel
yazilarda, ICMJE (International Committee of Medcial
Journal Editors) tavsiyeleri ile COPE (Committee on
Publication Ethics)’'un "Editdor ve Yazarlar igin
Uluslararas: Standartlar"1 dikkate alinmaktadir.

Dergiye sunulan makale, Dergi Sekreteryas: tarafindan
yazim kurallar1 ve igerik agisindan 6n degerlendirmeye
alinir. Dergide basilacak nitelikte bulunmayan makale
yazara iade edilebilir. Uygun bulunanlar ise bilimsel
acidan degerlendirilmek iizere konusunda uzman
hakemlere ( maksimum 15 giin siire i¢in) gonderilir.
Hakem incelenmesinden sonra basima uygun olmayan
makaleler yazara bildirilir, makaleler iade edilmez.
Hakem onayindan gecenler ig¢inde diizeltme yapilmasi
istenen makaleler gerekli dokiimanlarla yazara iletilir.
Yazar gerekli diizeltmeleri en kisa siirede (maksimum 15
giin) tamamlayarak dergi e-posta adresine gonderir.
Editorler kurulu nihai kararimi vererek makaleyi uygun
bulursa basim iinitesine gdnderir. Basimina karar verilen
ve diizeltme igin yazarmma gonderilen eserde, ekleme
veya ¢ikartma yapilamaz.

Bir yazarin derginin ayni sayisinda ilk isim olarak, en
fazla iki eseri basilabilir.

Yayinlanan makalelerin tim
yazar (lar)ma aittir

sorumlulugu

AIMS AND SCOPE

Journal of Agricultural Faculty is scientific, peer
reviewed journal and belonged to the Tokat
Gaziosmanpasa University Faculty of Agriculture since
1985. Journal of Agricultural Faculty of Tokat
Gaziosmanpasa University aims to publish the
international  scientific ~ paper on  agriculture
sciences (agricultural economics, animal science,
biosystems engineering,  field  crops,  fisheries
engineering, horticulture, plant protection, soil science
and plant nutrition). The journal is published at least
twice in a year. The journal was published three issues
in a year at 2014 year.

PUBLISHING POLICY

Manuscripts are published in English. The manuscripts
are submitted to the journal from Turkey and the other
countries for review by corresponding author. The
manuscript submitted should not have been submitted
and published in another journal

Manuscripts  published in our journal must be
appropriate to the research and publication ethics.
Separate ethical board resolutions are needed for each
clinical and experimental study on animals which
requires ethical board decision. International
Committee on Publication

Ethics’ (ICMJE) recommendations and Committee on
Publication Ethics’ (COPE) “International Standards
for Editors and Auditors” should be taken into
consideration for the scientific manuscripts sent to our
Journal.

Submitted manuscript to the journal is considered to
preliminary assessment by the Editorial Board of
journal. The Editorial Board has the right to decline
the manuscript in event the manuscript does not meet
the journal publishing rules. Manuscripts that meet the
basic requirements are numbered and sent to three
referees, experts in particular field of science, to peer
review process (for max. 15 days period). Then, if the
referees do not find the manuscript for publication, the
related manuscript are not returned to the author,
manuscript are archived. After peer reviewing, if the
referees find the manuscript for  publication with
requires revision and corrections, author is informed,
and the referee’s suggestions and the related
documents are sent to the corresponding author. The
author is sent the corrected and revised manuscript to
the Editorial Board as soon as possible (max. 30
days). Then, Editorial Board takes the final decision
(positive or negative) for publication of manuscript.
For the content of the accepted manuscripts, no
editing, changes, including addition or deletion, can be
made.

Only two manuscripts of each author, as the first
author for one of the manuscript, can be published in
same issue of the journal.

The author(s) are responsible for the content of the
published manuscripts






ETIiK ILKELER VE YAYIN POLITIKASI

YAYIN ETiGi ILKELERI

Gaziosmanpasa UniversitesiZiraat Fakiiltesi Dergisi,
yayin politikasinda akademik ilke ve etik degerlere
baghdir. Etik ilke ve degerlere iliskin ulusal ve
uluslararas1 standartlara uygun olarak yaym hayati
stirdiirmektedir. Bu kapsamda, COPE (Committee on
Publication Ethics) tarafindan belirlenen standartlar ve
YOK "Bilimsel Arastirma ve Yayin Etigi Yonergesi"nde
belirlenen esaslar dikkate alinmaktadir
(https://publicationethics.org/,
https://www.yok.gov.tr/Sayfalar/Kurumsal/mevzuat/bili
msel-arastirma-ve-...). Makale degerlendirme siirecinde
kabul edilen arastirma ve yayin etigi standartlarina
aykirilig1 tespit edilen eserlerin yayin talebi reddedilir.
Eserin yaymlanmasindan sonra sz konusu aykiriligin
tespit edilmesi halinde eser yayindan kaldirilir.

Hakemli dergide yayin ilkeleri ile ilgili tim taraflardan
(yazar, dergi editorii, hakem ve yaymmeci kuruluslar)
beklenen genel etik davraniglar ve sorumluluklara iligkin
tanimlamalar asagida belirtilmektedir.

Yazar(lar)in Sorumluluklari

* Kaynakga listesi eksiksiz olmalidir.

» Intihal ve sahte veriye yer verilmemelidir.

* Ayni aragtirmanin birden fazla dergide yayimlanmasina
tesebbiis edilmemeli,

* Bilim aragtirma ve yayin etigine uymalidir.

* Tiim yazarlarin arastirmaya katkis1 bulunmalidir.

* Makalede gecen tiim veriler gercek ve orijinal olmalidir.
* Tiim yazarlar hatali makalenin geri cekilmesini ve
hatalarin diizeltilmesini saglamak zorundadir.

Bilim arastirma ve yayimn etigine aykir1 eylemler
sunlardir:

« Intihal: Baskalarinin fikirlerini, metotlarini, verilerini,
uygulamalarmi, yazilarini, sekillerini veya eserlerini
sahiplerine bilimsel kurallara uygun bigimde atif
yapmadan kismen veya tamamen kendi eseriymis gibi
sunmak,

* Sahtecilik: Aragtirmaya dayanmayan veriler iiretmek,
sunulan veya yayinlanan eseri ger¢ek olmayan verilere
dayandirarak diizenlemek veya degistirmek, bunlar1 rapor
etmek veya yayimlamak, yapilmamis bir arastirmayi
yapilmis gibi gostermek,

* Carpitma: Arastirma kayitlar1 ve elde edilen verileri
tahrif etmek, aragtirmada kullanilmayan y6ntem, cihaz ve
materyalleri kullanilmis gibi gostermek, ilgili teori veya
varsayimlara uydurmak i¢in veriler ve/veya sonuglarla
oynamak, destek alman kisi ve kuruluslarin ¢ikarlar
dogrultusunda arastirma sonuglarimi tahrif etmek veya
sekillendirmek,

* Tekrar yayim: Bir arastirmanin ayni sonuglarini igeren
birden fazla eseri ayri eserler olarak sunmak,

* Dilimleme: Bir aragtirmanin sonuglarini arastirmanin
biitiinliigiinii bozacak sekilde, uygun olmayan bigimde
parcalara ayirarak ve birbirine atif yapmadan ¢ok sayida
yayn yaparak ayri eserler olarak sunmak,

» Haksiz yazarlik: Aktif katkis1 olmayan kisileri yazarlar
arasina dahil etmek, aktif katkisi olan kisileri yazarlar
arasina dahil etmemek, yazar siralamasini gerekgesiz ve
uygun olmayan bir bigimde degistirmek, aktif katkisi
olanlarin isimlerini yayim sirasinda veya sonraki
baskilarda eserden ¢tkarmak, aktif katkis1 olmadig1 halde

ETHICAL PRINCIPLES AND PUBLICATION
POLICY

PRINCIPLES OF PUBLICATION ETHICS

Journal of Agricultural Faculty of Gaziosmanpasa
University is committed to academic principles and
ethical values in its editorial policy. It continues its
publication life in accordance with national and
international standards regarding ethical principles and
values. In this context, the standards set by COPE
(Committee on Publication Ethics) and the principles set
in the Council of Higher Education "Scientific Research
and Publication Ethics Directive" are taken into account
(https://publicationethics.org/,
https://www.yok.gov.tr/Sayfalar/Kurumsal/mevzuat/bili
msel-arastirma-ve-...). The publication request of the
works that are found to be in violation of the research and
publication ethics standards accepted in the manuscript
evaluation process is rejected. If the said contradiction is
detected after the publication of the work, the work is
removed from the publication.

Author’s responsibilities:

The references list should be complete;

No plagiarism, no fraudulent data is allowed;

It is forbidden to publish same research in more than one
journal;

Authors obliged to participate in peer review process;
All authors have significantly contributed to the research;
Statement that all data in manuscript are real and
authentic;

All authors are obliged to provide retractions or
corrections of mistakes,

Authors should ensure that any studies involving human
or animal subjects conform to national, local and
institutional laws and requirements.

The actions against science research and publication
ethics include;

Plagiarism: Presenting others' ideas, methods, data,
applications, writings, figures or works as if they were
their own works, partly or completely, without referring
to the scientific rules.

Fraud: to produce data that is not based on research, to
organize or modify the work submitted or published on
the basis of unreal data, to report or to publish them, to
make a research that has not been done.

Distorting: Dealing with the records of research and the
data obtained, showing the unused methods, devices and
materials used in the research, playing with data and / or
results to fit the relevant theory or assumptions, or
falsifying or shaping the results of the research in the
interests of the people and organizations supported.
Slicing: Presenting the results of a research as separate
works by disrupting the uniqueness of the research, by
dissecting it inappropriately and making a large number
of publications without reference to each other.

Unfair writeer: To include people who do not have active
contribution among the authors, not to include the people
who have active contribution among the writers, to
change the ranking of the authors without any
justification and in an inappropriate way, to remove the
names of those who have active contributions from the



niifuzunu  kullanarak ismini yazarlar arasina dahil
ettirmek.

» Diger etik ihlali tiirleri: Destek alinarak ydriitiilen
arastirmalarin yayinlarinda destek veren kisi, kurum veya
kuruluglar ile onlarin arastirmadaki katkilarini agik bir
bicimde belirtmemek, insan ve hayvanlar iizerinde
yapilan arastirmalarda etik kurallara uymamak,
yayinlarinda hasta haklarina saygi géstermemek, hakem
olarak incelemek iizere gorevlendirildigi bir eserde yer
alan Dbilgileri yaymlanmadan O6nce bagkalariyla
paylasmak, bilimsel arastirma igin saglanan veya ayrilan
kaynaklari, mekanlari, imkanlart ve cihazlart amag¢ disi
kullanmak, tamamen dayanaksiz, yersiz ve kasitli etik
ihlali suclamasinda bulunmak (YOK Bilimsel Arastirma
ve Yayin Etigi Yonergesi, Madde 8).

Hakemlerin Sorumluluklari

*Hakemlik siireci, bilimsel akademik yaymciligin
basarisinda 6nemli bir konumda bulunmaktadir.
Hakemler bu siirecin saglkli yiiriitiilebilmesi ve

iyilestirilmesine gayret gostermelidir.

*Hakemler arastirmayla, yazarlarla ve/veya arastirma fon
saglayicilar ile ¢ikar catigmasi/cakismast igerisinde
olmamalidir.

*Degerlendirmeleri tarafsiz olmalidir.

*Degerlendirilen makaleler hakem tarafindan gizli
tutulmalidir.

Editoriin Sorumluluklar:

*Editorler bir makaleyi kabul etmek ya da reddetmek igin
tiim sorumluluga ve yetkiye sahiptir.

*Editorler kabul ettigi ya da reddettigi makaleler ile ilgili
¢ikar catigmasi/¢akigmasi icerisinde olmamalidir.
*Sadece alana katki saglayacak makaleler
edilmelidir.

*Hakemlerin ismini degerlendirme tamamlanana kadar
sakli tutmalidir.

*Makalenin yayimlanmasindan sonra herhangi bir
arastirmaci tarafindan bilimsel hata tespit edildiginde
ilgili diizeltme/diizeltmelerin yayimlanmasini ya da geri
¢ekilmesini desteklemelidir.

kabul

Yayimcinin Sorumluluklari
*Yayincilik  etiginin  yaym
izlenmesi/korunmasi,
*Akademik kaydin biitiinliigiinii korumak,

+Etik standartlardan 6diin vermemek,

*Gerektiginde diizeltmeleri, agiklamalar1 ve Oziirleri
yayimlamak,

*Okuyucunun dergide yayimlanan bir makalede dnemli
bir bilimsel hata ya da intihal, yinelenen makaleler gibi
konularda herhangi bir uyarist oldugu zaman
ziraatderdi@gop.edu.tr adresine mail atarak editor
kuruluna bildirebilir. Derginin bilimsel ve teknik yonden
gelismesi icin bir firsat olacag: bilinci ile, yapacaginiz
uyarilar/elestiriler, editor kurulu tarafindan
memnuniyetle karsilanarak hizli ve yapici bir sekilde
iyilestirmelerimiz gerceklestirilmektedir.

kurulu  tarafindan

Degerlendirme Siireci

Yayimlanmast i¢in gonderilen eser, yayin ilkeleri
dogrultusunda editdr tarafindan 6n incelemeye alinir.
Editor, dergide yayimlanabilecek nitelikte bulmadigi
makaleleri hakemlere gondermeden yazara/yazarlara iade

work during publication or in later editions, and to use
their influence even if there is no active contribution.

Other types of ethical violations: Not expressing the
contributions of the persons, institutions or organizations
that support them in the research, and their contributions
in the research, Not to obey the ethical rules in human and
animal research, to respect the rights of patients in their
publications, To share the information contained in a
work that he is commissioned to examine as an arbitrator
with others, To use the sources, facilities and devices
provided for scientific research out of their use purposes.
To blame for a completely irrelevant, unwarranted and
intentional violation of ethics (YOK Scientific Research
and Publication Ethics Directive, Article 8).

Peer review/responsibility for the reviewers:

To contribute to the decision-making process, and to
assist in improving the quality of the published paper by
reviewing the manuscript objectively.

Reviewers should have no conflict of interest with respect
to the research, the authors and/or the research funders;
Judgments should be objective;

Reviewed manuscripts should be treated confidentially.

Editorial responsibilities:

Editors have complete responsibility and authority to
reject/accept an manuscript;

Editors should have no conflict of interest with respect to
manuscripts they reject/accept;

Only accept a paper when reasonably certain;
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Correlation, Genetic Variability, Heritability And Genetic Advance For Some Morphological
Traits In Red Cabbage Lines (Brassica oleracea L.var. capitata subvar. rubra)

Mehtap OZBAKIR OZER""® Hayati KAR'® Nur KOBAL BEKAR!
Senay MURAT DOGRU® Giilay BESIRLI2® ibrahim SONMEZ?2

1Black Sea Agricultural Research Institute, Samsun
2Atatiirk Horticultural Central Research Institute, Yalova,
*Corresponding author’s email: mehtap ozbakir@hotmail.com

Alindig tarih (Received): 04.11.2022 Kabul tarihi (Accepted): 30.06.2023

Abstract: Genetic variability, heritability, genetic advance, genetic gain and correlation for traits were studied in 22 lines of
red cabbage. The genotypes were evaluated for seven quantitative characters such as head weight, head diameter, head length,
core length, head volume, head density and head shape index. Analysis of variance showed significant variation among the
genotypes for all the studied yield and yield contributing characters. Head weight of the lines was highly significant positively
correlated with head length, head diameter, core length and head volume. The phenotypic coefficient of variation were
observed to be higher than the corresponding genotypic coefficient of variation for all the characters studied, indicated that the
traits were influenced by environment. The high phenotypic and genotypic coefficient (PCV and GCV) was observed for head
density (30.61 and 20.06) followed by head volume (24.72 and 20.49), core length (15.68 and 14.99) and head weight (10.66
and 9.65). High heritability (broad sense) values were recorded for traits such as for head length (91.56%), core length
(91.38%) and head diameter (82.24%). The highest genetic advance as percent of mean was shown by head volume (35.0 %)
followed by core length (29.52%) and head density (27.09%). As a result, high heritability coupled with high genetic advance
was observed head length, head diameter, head volume and head density which are governed by additive gene and could be
effectively used as selection criteria in the breeding programme of red cabbage varieties with high yield.

Keywords: Red cabbage, genetic variability, heritability, genetic advance, correlation

Kirmizi Lahana Hatlarinda Bazi Morfolojik Ozelliklerin Kalitimi, Genetik Degiskenligi,
Genetik Ilerlemesi ve Korelasyonu

Oz: Bu makalede 22 farkli kirmizi lahana hattinda bas agirligi, bas ¢ap1, bas uzunlugu, bas hacmi, bas sikiligi, i¢ sap uzunlugu
ve bas sekil indeksi 6zellikleri i¢in genetik degiskenlik, kalitsallik, genetik ilerleme ve korelasyon incelenmistir. Varyans
analizinde genotipler arasinda verim ve verime etki eden ozelliklerde 6nemli farkliliklar oldugu saptanmistir. Hatlarin bag
agirhi@i, bas uzunlugu, bas ¢api, i¢ sap uzunlugu ve bas hacmi 6zelliklerinde korelasyonun pozitif yonde 6nemli oldugu
belirlenmistir. Incelenen tiim 6zelliklerde fenotipik varyasyon katsayisinin genotipik varyasyon katsayisindan daha yiiksek
oldugu ve bu o6zelliklerin ¢evreden etkilendigi tespit edilmistir. En yiiksek fenotipik ve genotipik varyasyon katsayisi bas
stkiliginda (30.61 ve 20.06) belirlenmis, onu bag hacmi (24.72 ve 20.49), i¢ sap uzunlugu (15.68 ve 14.99) ve bas girligi
(10.66 ve 9.65) ozellikleri takip etmistir. Bag uzunlugu (% 91.56), i¢ sap uzunlugu (%91.38) ve bas ¢ap1 (%82.24) igin genis
anlamda kalitim yiliksek bulunmustur. En yiiksek genetik ilerleme bas hacmi (%35.0), i¢ sap uzunlugu (% 29.52) ve bas sikig1
(% 27.09) ozelliklerinde belirlenmistir. Sonug olarak, eklemeli gen tarafindan yonetilen bas uzunlugu, bas ¢api, bas hacmi ve
bas yogunlugu 6zelliklerinde genetik ilerleme ve kalitim derecesinin yiiksek oldugu, bunun da 1slah programlarinda yiiksek
verimli kirmizi lahana gesitlerini gelistirmede iyi bir seleksiyon kriteri olarak kullanilabilecegi saptanmigtir.

Anahtar Kelimeler: Kirmizi lahana, genetik degiskenlik, kalitim, genetik ilerleme, korelasyon

1. Introduction

Vegetable plays an important role in the balanced
diet by providing not only energy but also supplying
vital protective nutrients like, proteins, vitamins,
minerals, dietary  fibers, micronutrients and
antioxidants. In vegetables, Brassicaceae are one of the
most diversified families with wide range of variation
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in crops that supplied edible products (Kumar et al.,
2020). Red cabbage belongs to the family Brassicaceae
and is one of the most popular, nutritious vegetable
crops. Red cabbage is among the winter areas with a
growth potential in the Black Sea Region. Yield and
quality characteristics are mostly hybrid preferences.
Therefore, it is very important to develop hybrid
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varieties with high quality, adaptability and yield
characteristics.

Development of an effective breeding program
depends on the existence of genetic variability for
various economic characters in the gene pool (Rauf and
Rahim, 2018). Genetic variability is a measure of the
tendency of individual genotypes in a population to
vary from one another. Variability is different from
genetic diversity, which is the amount of variation seen
in a particular population. The variability of a trait
describes how much that trait tends to vary in response
to environmental and genetic influences (Ullah et al.,
2015).

Plant breeders always use their efforts in the
development of new varieties. For this, knowledge of
genetic variability present in available germplasm is
essential for further improvement of the crop. Variation
provides useful information to the plant breeder to
determine the genetic potential of the populations for
developing new varieties with desirable characters in
any crop species. Certain morphological parameters
serve as a tool for the estimation of genetic variability
(Ali etal., 2013).

The concept of correlation was first given by
Galton (1987), the knowledge of the nature and
magnitude of genetic association among components of
economic importance can help in improving the
efficiency of selection by making possible use of
suitable combination of characters. Correlations are
more useful, especially for indirect selection and this
type of selection can be advantageous over direct

Table 1. Some morphological traits of red cabbage lines

selection, only when the selected trait has very high
heritability and breeding value of correlation between
two traits is very high (Kumar et al., 2020). Correlation
of some morphological characteristics of red cabbage
helps breeders for selection.

However only variation is not enough for effective
selection, genetic variation, heritability and expected
genetic advance in important agronomic characters are
required in order to arrangement better effective
breeding strategies (Jalata et al., 2011). The knowledge
of inter relationships among the various components
and their direct and indirect effect on yield are essential
to bring genetic improvement in red cabbage.
Therefore, genetic measuring  diversity and
understanding the inheritance pattern of qualitative and
quantitative traits are important for breeding programs.
The present investigation has been conducted to assess
the genetic variability, heritability and genetic advance
studies in 22 genotypes of red cabbage.

2. Materials and Methods

The experiment was carried out at Black Sea
Agricultural Research Institute, located in Samsun
during winter season during 2019-2021 growing
period. The seeds of red had cabbage varieties were
sown on July. Seedlings were grown in an unheated
plastic greenhouse. For seedling cultivation, seed trays
(45 cell) with a 5.5 x 5.5 cm pore size were used. The
cultivation medium consisted of a mixture of peat +
perlite in a ratio of 3: 1 placed in the seed trays and
vermiculite was used as a cover material after planting.

Cizelge 1. Kirmizi lahana hatlarimin bazi morfolojik ozellikleri

Lines Shape of Top leaf color Covering of Hardness of Wax on the Days to maturity
Head of the head Head head outer leaf (day)
K3 Broad obovate Dark violet Covered Very tight Strong 115
K5 Elliptic Dark violet Partially covered Very tight Weak 113
K14 Broad obovate Dakr violet Covered Very tight Strong 113
K15 Elliptic Violet Partially covered Very tight Absent 113
K20 Round Dark violet Covered Medium tight Absent 78
K26 Broad obovate Dark violet Covered Very tight Medium 115
K30 Broad ovate Dark violet Covered Very tight Strong 113
K32 Broad obovate Dark violet Covered Very tight Very weak 134
K36 Broad obovate Violet Partially covered Very tight Strong 95
K41 Elliptic Dark violet Partially covered Very tight Weak 113
K42 Broad ovate Dark violet Covered Very tight Strong 113
K47 Elliptic Dark violet Partially covered Medium tight Medium 113
K62 Round Dark violet Covered Very tight Medium 95
K69 Elliptic Dark violet Partially covered Very tight Strong 113
K76 Broad obovate Light violet Partially covered Very tight Medium 134
K78 Round Dark violet Covered Very tight Very weak 113
K79 Elliptic Dark violet Covered Very tight Strong 95
K80 Round Dark violet Covered Very tight Very weak 134
K81 Broad ovate Dark violet Covered Very tight Strong 113
K83 Elliptic Violet Covered Very tight Weak 113
K85 Round Dark violet Covered Very tight Absent 134
K97 Broad ovate Violet Partially covered Very tight Strong 113
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All genotypes were transplanted in Randomized
Complete Block Design (RCBD) with three
replications. The experiment was established with 20
plants in each replication, with 100 x 40 cm in-row and
inter-row spacing and row planting distances in the
second week of August. Fertilization, irrigation and
weed cleaning etc were followed regularly during the
study. Harvesting was done when 90% of the plant
population of each plot reached to maturity. Data were
recorded on 10 randomly chosen plants of each
genotype in each of the three replication for different
characters, such as head weight (g), head diameter
(cm), head length (cm), core length (cm), head volume
(g cm-3) (head weight/head density), head density
(cm3) (Tanaka and Niikura, 2003), head shape index
(head diameter/head length).

2.1. Statistical analysis
The mean values of each genotype were computed

Genotype Mean Square (GMS)-Error Mean Square (EMS)

for statistical analysis. Relationships among the
examined traits were examined by a correlation
analysis. Analysis of variance was performed for each
character to determine whether there were differences
between and within the populations. All statistical
analyses were carried out to the data obtained after
characterization using JMP 7.0.

Genotypic  coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), broad sense
heritability, genetic advance and genetic gain were
computed as per standard formulas. The formula of
genotypic correlation coefficients were estimated by
Al-Jibouri et al. (1958). Phenotypic and genotypic
coefficient of variation, heritability (broad sense) and
genetic advance as percent of mean were estimated by
the formula al suggested by Burton (1952), Lush
(1949) and Johnson et al. (1955).

Genetic variance (Vg)=

Environmental Variance=Error Mean Suare (EMS)
Phenotypic Variance ( Vp)=Vg+Ve/r

Genotypic phenotypic and environmental coefficient of
Variation was calculated as

GCV%= \/E <100 (2)
Vp
PCV%= \/: %100 (3)
ECV%= \/%xwo (4)
GCV% : Genotypic coefficient of variation
Vg : Genotypic variance
PCV % : Phenotypic coefficient of variation
Vp : Phenotypic variance
ECV % : Environmental coefficient of variation
Ve : Environmental variance
Broad Sense Heritability (h?B) = Z—leoo (5)
Genetic Advance (GA)= GA = K,/VpH? (6)

Where, K = 1.40 at 20% selection intensity for trait;
Vp : Phenotypic variance for trait

Genetic advance as percentage of mean is calculated
as,

GA%="=x100 7
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Number of Replications (r)

1)

Genotypic  coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), broad sense
heritability, genetic advance and genetic gain were
computed as per standard formulas. The formula of
genotypic correlation coefficients were estimated by
Al-Jibouri et al. (1958). Phenotypic and genotypic
coefficient of variation, heritability (broad sense) and
genetic advance as percent of mean were estimated by
the formula al suggested by Burton (1952), Lush
(1949) and Johanson et al. (1955).

3. Result and discussion

Analysis of variance showed that there were
significant differences among genotypes for all traits
studied. Estimation of mean squares of accessions year
and error for seven traits of 22 red cabbege lines are
shown in Table 2. This is an indication of existence of
sufficient amount of variability exist for in red
cabbage. Similar results were determined by
researchers examining different morphological traits in
different Brassica species (Kibar et al., 2014; Thakur &
Vidyasagar, 2016; Chatterjee et al., 2018; Aktar et al.,
2019). Variability is the most important characteristic
feature of any population is of remarkable importance
in breeding programme. Estimation of genetic
variability is an important precondition for realizing
response to selection as the progress in breeding
depends upon its amount, nature and magnitude of
genetic variability (Nandhini at al., 2020). These
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results are important for the further red of material on
the selection of promising genotypes in red cabbage
breeding.

The mean performance of genotypes for various
characters is presented in Table 3. The mean values of
genotypes were recorded for head weight (755.57—
124411 @), head length (12.54-18.79 cm), head
diameter (9.86-13.79 cm), core length (5.46-10.89 cm),

head volume (719.49-1650.34 cm3), head density
(2.18-3.64 g cm-3), head shape index (0.73-1.95)
(Table 3). Different results were obtained for the
properties studied under different environmental
conditions in cabbage (Kaygisiz Asciogul, 2009;
Sharma, 2010; Cervenski et al., 2011; Kibar et al.,
2014; Ozbakir Ozer 2014; Singh et al., 2019; Sharma
etal., 2019a).

Table 2. Analysis of variance for seven morphological traits of red cabbage lines.
Cizelge 2. Kirmizi lahana hatlarinin bazi morfolojik ozelligi icin varyans analizi.

Lines df Head Weight Head length Head diameter Core length Head voliime Head density  Head shape
(9) (cm) (cm) (cm) (g cm™) (cm3) index
Replication 2 0.68 3.20 1.31 3.35 9.18 5.16 0.73
Genotypes 21 38955.50** 5.97** 3.48** 4.25**  241131.00** 0.30** 0.02**
Error 42 7067.30 0.50 0.62 0.37 75437.00 0.17 0.01
*, **: Significant at 5 and 1 per cent levels, respectively
Table 3. Mean performance of 22 red cabbage lines for different morphological traits
Cizelge 3. 22 kirmizi lahana hattimin farkly morfolojik ozellikler icin ortalama performanst
Lines Head Head Head Core Head Head Head shape
weight length diameter length density volume index
K3 755.57 12.54 10.99 7.52 2.71 719.49 1.13
K5 1059.00 14.91 12.93 6.47 2.67 1139.48 0.97
K14 1040.99 15.52 12.24 6.10 2.56 937.47 1.23
K15 944.34 14.77 12.19 5.93 2.30 1240.29 0.82
K20 1055.23 14.13 13.12 6.72 2.77 1217.78 0.87
K26 1048.34 16.09 10.81 8.61 2.82 857.19 1.24
K30 124411 18.79 13.38 10.89 3.36 1650.34 0.78
K32 1191.34 15.73 10.81 8.80 3.16 1157.85 1.09
K36 1166.68 15.66 14.02 9.43 3.23 1562.96 0.73
K41 1133.57 15.80 13.23 7.57 2.94 1142.84 1.06
K42 1156.12 15.57 11.32 7.66 2.71 946.34 1.43
K47 1138.57 17.64 12.72 8.60 2.84 1376.09 0.78
K62 940.57 13.51 12.8 7.93 3.64 1145.75 0.87
K69 1184.10 16.10 9.86 8.03 2.22 874.56 1.42
K76 962.78 15.67 12.10 5.46 2.51 793.75 1.95
K78 1143.79 15.18 13.79 6.50 2.62 1447.58 0.80
K79 1073.46 14.88 11.88 7.26 2.18 1125.94 0.99
K80 1227.78 17.88 13.78 7.54 3.12 1522.29 0.87
K81 1025.46 15.90 11.10 7.89 2.94 988.26 1.02
K83 943.34 15.44 12.49 7.77 3.23 1201.79 0.84
K85 945.27 13.08 11.77 6.77 3.07 892.80 1.18
K97 1128.66 16.37 12.38 7.57 2.98 1288.20 0.89

The phenotypic coefficient of variation (PCV) was
higher than genotypic coefficient of variation (GCV)
for all traits (Table 4). Thus indicated the influences of
environmental factor on these traits. Variability and
association studies were carried out several Brassica
species such as cauliflower (Chittora & Singh, 2015;
Dey et al., 2015; Chittora et al., 2016); Chatterjee et al.,
2018; Kumar et al., 2018), knolkhol (Dolkar et al.,
2018), cabbage (Sharma et al., 2019a, Sharma et al.,
2019b), broccoli (Nandhini et al., 2020), kale
(Wudneh, 2020; Gorka et al., 2021) and researchers
reported higher the magnitude of phenotypic
coefficient of variability than genotypic coefficient of
variability.

The respective PCV and GCV was high for head
weight (10.66, 9.65), head length (9.09, 8.70), head
diameter (8.78, 7.96), core length (15.68, 14.99), head
volume (24.72, 20.49), head density (30.61, 20.06) and
head shape index (9.64, 7.45). Moderate PCV was
recorded for core length, head voliime and head
density. However, it was found low for head head
diameter, head weight, head length and head weight.
Similar type results are in with earlier findings of
various researchers for net head weight (Atter et al.,
2009, Meena et al., 2009, Thakur & Vidyasagar, 2016).
Conversely, Kaur et al., 2018 reported high PCV for
gross head weight
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Table 4. Phenotypic (PCV) and genotypic (GCV)
coefficients of variation, broad sense heritability (h?B)
and genetic advance (GA) (%) for various
morphological traits in red cabbage

Cizelge 4. Kirmizi lahana hatlarinda bazi morfolojik
ozellikler icin fenotipik (PCV) ve genotipik (GCV)
varyasyon katsayilari, genis anlamda kalitim derecesi
(h?B) ve genetik ilerleme (GA) (%)

Traits GCV(%) PCV(%) h?B(%) GA GA (%)
Head weight 9.65 10.66 81.86 192.16 17.98
Head length 8.70 9.09 91.56 2.66 17.15
Head diameter 7.96 8.78 8224 1.82 14.87
Core length 14.99 1568 91.38 2.24 29.52
Head volume 20.49 24,72  68.72 401.32 35.00
Head density 20.06 30.61  42.97 0.28 27.09
Head shape index  7.45 9.64 59.77 0.09 11.87

Variability is the most important characteristic
feature of any population (Nandhini et al., 2020). In a
population observed variation is due to both factors i.e.
genetics and environmental where as genetic variability
is the only heritable from generation to the next
generation so the heritability alone does not give an
idea about the expected gain in the next generation but
it has to be considered in conjunction with the genetic
advance (Ahsan et al., 2015). Genetic advance is also
important due to observe of the expected genetic gain
in the selection (Esiyok et al., 2011).

Burton (1952) and Panse (1957) viewed that if a
character is governed by non-additive gene action, it
may have high heritability but low genetic advance,
whereas, if it is governed by additive gene action,
heritability and genetic advance both would be high.
The broad sense heritability and genetic advance as
percent of mean of the traits are presented in Table 4.
Heritability estimates were classified as low (<50%),
moderate (50-80%) and high (>80%) as suggested by
Sharma (1994). Accordingly, we recorded high
heritability for head length (91.56%), core length
(91.38%), head diameter (82.24%) and head weight
(81.86%). In the research, high heritability
accompanied with a high genetic advance for head
weight, head dimater and head length revealed the role
of additive gene action and thus, a high genetic gain is
expected from selection for these traits. Panse and
Sukhatme (1978), stated that 1f a trait is governed by
additive gene action, both heritability and genetic
progression will be high. The result is in accordance
with the findings for ascorbic acid content in cabbage
(Singh et al., 2013), for days to first flowering in
rapeseed (Hasan et al., 2014), for mineral content (Fe,
Zn, Cu, Ca, Mn, K) in cabbage head, for total yield in
cauliflower (Chittora & Singh, 2015), for minerals
contents (Ca, Fe, Mg, Zn) in Chinese cabbage (Xie et
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al.,, 2018), for head weight and ascorbic acid in
cabbage (Kaur et al., 218), for yield and its component
traits in ethiopian kale (Wudneh, 2020).

The highest genetic advance as percent of mean
was shown by head volume (35.0 %) followed by core
length (29.52%) and head density (27.09%) (Table 4).
Chittora and Singh (2015), reported highest genetic
advance as per cent of mean was observed for net curd
weight (39.54 %) followed by marketable curd weight
(32.82 %), curd yield per hectare (32.81 %), harvest
index (27.08%) and gross plant weight (27.30 %).
Thakur and Vidyasagar (2016) also reported high
genetic advance for gross weight and total yield per
plot. High heritability coupled with moderate genetic
advance for gross head weight, net head weight,
number of non-wrapper leaves, head shape index and
TSS (°Brix) were reported by Sharma et al. (2019a).
However, on the contrary to present findings Gorka et
al.(2021) also observed high heritability with low
genetic advance as percentage of mean was marked for
all the three biochemical traits.

Knowledge of relationships between yield and its
components is essential as this may help in
constructing suitable selection criteria for yield (Kibar
et al., 2014). For this purpose, correlation coefficients
were calculated to determine the relationships between
red cabbage traits. Significant differences were
observed among all the genotypes for all the traits in
table 5. Head weight of the lines was highly positively
correlated with head length, head diameter, wcore
length and head volume.

Cervenski et al. (1998) and Kibar et al. (2014) also
reported that head weight significant and positive
correlation with head diameter and head length. The
results of our present analysis are in agreement with
these. Owing to the high positive correlation between
head weight and head diameter and head length; the
selection of genotypes with desired head size and head
weight will be effective to obtain high vyielding
cultivars/genotypes (Kibar et al. 2014). Meena et al.
(2014), also reported that whole plant weight
significant and positive correlation with curd length,
curd breadth, total number of leaf, days to curd
formation and days to 50% maturity in cabbage. While
positive and significant correlation in curd weight with
curd length, total number of leaf, leaves per plant, days
to curd formation and days to 50 percent maturity in
cauliflower by Dutta et al. (1992), Kanwar et al.
(2010), Kumar et al. (2011), Sheemar et al. (2012),
Nimkar (2013), (Nimkar and Soniya 2013).
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Table 5. Correlation coefficients for morphological traits in red cabbage lines
Cizelge 5. Kirmizi lahana hatlarinda bazi morfolojik dzelliklerinkorelasyon katsayilart

Traits Head weight Head length Head Core Head Head Head shape
diameter length volume density index
Head weight 1.000 0.0661** 0.2725** 0.4067* 0.5693** -0.1520 -0.1858
Head length 1.000 0.2336** 0.4783** 0.5176** -0.19,31** -0.4617**
Head diameter 1.000 0.0617 0.7071** -0.4129* 0.5190**
Core length 1.000 0.3945* -0.2930** -0.2619*
Head volume 1.000 -0.7317** 0.2852*
Head density 1.000 -0.2756*
Head shape index 1.000

* **: Significant at the 0.05 and 0.01 probability level, respectively

Some negative correlations were also observed
among the red cabbage traits. Head weight was highly
negatively correlated with head density and head shape
index (Table 5). As can be seen from the table 5, head
length, head diameter, core length, head volume and
head density was highly negatively correlated observed
head density and head shape index. Dey et al (2005)
explained the knowledge of correlation among yield
and its contributing traits may be helpful to a plant
breeder to determine the degree of association between
them and help to improve the efficiency of selection by
the use of favourable combination of characters and to
minimize the retarding effect of those characters which
are negatively correlated.

4. Conclusion

The PCV was higher than the GCV for all the
characters studied, which indicated that the
environment 1s effective on the heritage of the
characters. High heritability in percentage of mean was
observed for head length, head weight, head diameter
and core length. On the other hand, the GA was
determined the most in head volume, core length and
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Abstract: In this study, it was aimed to determine the changes in the amount of functional components of black tea extracts obtained
by ultrasound assisted extraction and treated with tannase enzyme. Therefore, Turkish black tea extracts were supplemented with
tannase enzyme by using an ultrasound-assisted extraction technique with different infusion temperatures (50 and 70°C), times (5,
10, 20 minutes), and tea: water ratios (1:100, 5:100, 10:100). Total phenolic, tea cream and catechin analyses were performed on the
extracts. The amount of tea cream ranged between 0.56-1.25 g/100g black tea in the tannase-supplemented samples and 1.22-2.36
g/100g black tea in the control sample. It was also observed that the amount of cream obtained by ultrasonic extraction decreased
by 38.89-59.11% with the tannase enzyme application.

Keywords: Catechin, ultrasound, phenolics, tannase, tea cream, tea polyphenols

Ultrason Destekli Tiirk Siyah Cay Ekstraktlari: Tannaz Enzim Uygulamasinin Cay Kremasi ve
Katesin Miktarina Etkisi

Oz: Arastirmada, ultrason destekli ekstraksiyonla elde edilen ve tannaz enzimiyle muamele edilen siyah cay ekstraktlarinin
fonksiyonel bilesenlerinin miktarinda meydana gelen degismelerin belirlenmesi amaglanmistir. Bu amagla, ultrason destekli
ekstraksiyon teknigi kullanilarak farkli demleme siire (5, 10 ve 20 dakika), ¢ay:su oranlar1 (1:100; 5:100; 10:100) ve sicaklik (50 ve
70°C) uygulanarak elde edilen Tiirk siyah ¢ay1 ekstraktlarina, tannaz enzimi ilavesi yapilmistir. Ekstraktlarda ¢ay kremasi, toplam
fenolik madde ve katesin miktarlarinin tespit edilmesine yonelik analizler gerceklestirilmistir. Cay kremasi miktari, tannaz enzimi
uygulanmig 6rneklerde 0.56-1.25 g/100g siyah ¢ay araliginda degisirken, kontrol 6rneklerinde 1.22-2.36 g/100g siyah cay araliginda
degismistir. Ultrason destekli ekstraksiyonla elde edilen ekstraktlardaki krema miktarinin tannaz enzim uygulamasi ile %38.89-
59.11 oraninda azaldig1 goriilmiistiir.

Anahtar kelimeler: Katesin, ultrason, fenolikler, tannaz, ¢cay kremasi, ¢ay polifenolleri

1. Introduction consumers and producers do not prefer it. Since tea cream

Tea consumption habits are altering rapidly, and many
new tea beverages are produced as an alternative to
traditionally brewed tea. One of these products is ready-
to-drink (RTD) tea, which has been produced and
consumed globally for years (Liang et al, 2022).
Commercial production of RTD tea comprises several
processes like hot water extraction, selection and blending
of tea leaves, aroma recovery, filtration, concentration,
cream drying, aggregation,
aromatization (Someswararao & Srivastav, 2012). Tea

precipitation, and
cream formation is a common problem faced in RTD tea
production. It occurs just as a strong, hot tea infusion cools
off (Guo et al., 2021). Even though tea cream formation is
not believed to be a reason for deterioration, both
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formation induces the loss of transparency, color, and
taste, which in turn affects the physical and sensory
properties and biological activities of tea beverages and
diminishes the preferences of consumers (Dalpathadu et
al., 2022; Wang et al., 2020).

Tannase (Tannin Acylhydrolase), an extracellular
enzyme from the hydrolase class, is responsible for
breaking down the ester bonds of hydrolyzable tannins
like ethyl gallate, tannic acid, n-propyl gallate, isoamy]l
gallate, and methyl gallate as well as gallic acid esters.
Acting on the ester bonds in tannic acid, tannase
hydrolyzes it into glucose and gallic acid (Ristinmaa et al.,
2022). Tannase enzyme is commonly utilized for ready-
to-drink tea production to enhance tea products' color and
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sensory qualities, to increase the antioxidant properties by
facilitating the tea catechins biotransformation, and to
prevent cream formation (Aharwar & Parihar, 2021).
Bioactive components’ classical extraction from seeds
or plants depends upon the solvent combination, heat
and/or mixing under suitable conditions. Ultrasound-
assisted extraction (UAE) is as efficient as other high-
temperature and long-term extractions, and its most
important advantage is that it significantly shortens the
extraction time (Xia et al., 2006). The effectiveness of
through  the
simultaneous increase in hydration during sonication and
facilitating mass transfer from the material to the solvent
in the degradation process. This situation increases mass
transfer due to vortex formation and internal diffusion

ultrasonic  extraction is explained

with the mechanical effect of ultrasound and allows more
solvent penetration into the sample. In fruit juice and wine
production, the efficiency of the enzyme wused in
ultrasound application increases, the amount of enzyme
used decreases, and the amount of extracted functional
components (such as phenolic substances) increase
(Singla & Sit, 2021; Serna-Jiménez et al., 2022).

Tiirkiye comes fifth on the list of primary tea-producer
countries after India, Sri Lanka, Kenya, and China in
world tea production (Mangla et al., 2022). To our
knowledge, little is known about Turkish tea composition
and tea cream formation. Hence, the present study
provided a significant opportunity to advance our
understanding of how ultrasonic-assisted extraction and
tannase enzyme affects tea cream formation. In addition,
this study contributes to research on ultrasonic-assisted
extraction and the tannase enzyme’s effects on the
chemical features of Turkish black tea infusions.

2. Materials and Methods

2.1. Material

Black tea samples as raw material [5 (BOP2: Broken
Orange Pekoe] used in the experiments were purchased
from the Giineysu-Ulucami Tea Factory Directorate of
Cay-Kur Company, Tiirkiye. As the solvent, distilled
water was utilized. Tannase enzyme was supplied from
Kikkoman, Japan (Tannase-KTFH, 60554, activity: 500
U/g or higher, optimum temperature: 40°C, optimum
pH: 5.0-5.5). To determine individual catechins content of
black tea extracts, GA (Sigma), EGC (Fluka), and EGCG
(Merck) were used.

2.2. Methods

2.2.1. Ultrasonic-assisted extraction

The extraction of black tea leaves was carried out with
distilled water at three different tea: water ratios (1:100,
5:100, 10:100) at two different infusion temperatures (50
and 70°C) for three different times (5, 10, and 20 minutes)
by using Ultrasonic water bath (Elmasonic S 100H, 37
KHz frequency, Ultrasonic power effective of 600 (W)).
The preparation of the extracts were described previously
(Ates et al., 2022).

2.2.2. Determination of tea cream

The tea cream amount in black tea extracts was
detected in accordance with Nagalakshmi et al.’s (1984)
directions.

2.2.3. Determination of total phenolic content

Black tea extracts’ total phenolic content was
determined wusing Folin-Ciocalteu's phenol reagent
following the reference method of ISO 14502-1
(Anonymous, 2005). Results were explained in gallic acid
equivalent (g GAE/100 g dry black tea).

2.2.4. Determination of catechin composition of
black tea extracts with HPLC

To identify the individual catechins (EGC, GA, and
EGCQG,) an HPLC device (Perkin Elmer Series-200) was
utilized (Modified from Liang et al., 2002). Operational
conditions were described previously (Ates et al., 2022).

2.2.5. Statistical analysis

Statistical Package for the Social Sciences (SPSS)
software (Version 17.0) was utilized for the analysis. All
experiments were conducted in triplicate; means and
standard deviations (SD) were used to explain the results.
ANOVA with Duncan’s test was used to compare data,
which indicates a statistical significance (p<0.05).

3. Results and Discussion

3.1. Cream amount of extracts

Figure 1 presents the cream amount of black tea
extracts collected using different tea: water ratios, infusion
times and temperatures, and tannase enzyme
supplementation. The amount of tea cream in the samples
obtained by ultrasonic extraction ranged between
1.22-2.36 g/100g black tea in the control samples and
0.51-1.25 g/100g in the tannase-supplemented samples.
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Tea: water ratios, infusion time and temperatures, had a
significant (p<0.05) impact on the amount of tea cream
formed in the samples, statistically. The addition of
enzymes also caused a reduction in the tea cream amount.

As the brewing time and temperature increased, the
cream amount of the extracts increased, which was
significant (p<0.05), statistically. In all application
conditions in ultrasonic extraction, cream quantities of
black tea extracts supplemented with tannase enzyme
decreased more compared to control samples.

Similarly, Chandini et al. (2011) searched the effect of

enzyme supplementation on tea cream formation to
increase extraction quality using CTC-black tea. In the
centrifuged (5600 g and 20 minutes) samples, the amount
of cream was determined as 0.0854+0.02% in the control
samples, and 0.067+0.031%, 0.052+0.041% for 10 and 20
U/g-black tea in the samples with tannase enzyme,
respectively. After the same samples were stored at 5°C
for one week, the amount of cream was found to be
0.26540.021% for the control sample, 0.079+0.011% and
0.065+0.032%, respectively, for 10 and 20 U/g-black tea
in the tannase-supplemented samples.

Cream Amount of Black Tea Extracts (g/100g black tea)

3,00
2,50
2,00
1,50
1,00
0,50
0,00
CNTRL TAN CNTRL TAN CNTRL TAN
1//100 5//100 10//100
=0=50°C 5dk 1,62 0,86 1,30 0,60 1,22 0,56
50°C 10dk 1,67 0,94 1,42 0,72 1,36 0,65
50°C 20dk 2,23 1,15 1,57 0,79 1,43 0,77
70°C 5dk 2,13 0,88 1,82 0,75 1,50 0,67
=@="70°C 10dk 2,22 1,09 2,03 0,83 1,74 0,75
=@="70°C 20dk 2,36 1,25 2,14 1,13 1,80 1,10
Figure 1. Cream Amount of Black Tea Extracts (g/100g black tea)
Sekil 1. Siyah ¢ay ekstraktlarinin krema miktar: (g/100g siyah ¢ay)
Govindarajan et al. (2021) examined the tea cream by  different  extraction conditions varied between

treating it with different tannase enzyme concentrations
(0.05-0.2%). A decline in the cream formation up to
80.2% (0.091 g) in Kangra orthodox tea and 84.25%
(0.124 g) in CTC was observed after treating the tannase
enzyme at a concentration of 0.1%. Moreover, they found
that in 100 ml of the reaction medium 0.390 and 0.520 g
of tea cream formation occurred respectively. Together
with the previously reported findings, the findings of this
research indicated that the tannase enzyme could reduce
black tea cream amounts.

3.2. Phenolic compounds of extracts

Total phenolic compounds of black tea extracts
obtained by different tea:
temperatures  and

water ratios, infusion

times, and tannase enzyme
supplementation are given in Figure 2. Total phenolics of

samples extracted using the ultrasonic method with
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1.67-3.69 g GAE/100 g dry black tea in the first extracts,
and the samples with and without enzyme ranged between
1.84-3.89 g GAE/100 g dry black tea and
1.67-3.85 g GAE/100 g, respectively. The total quantity
of phenolic substances in the black tea extracts increased
when the infusion temperature and time rose, and the
differences between these amounts were significant
(p<0.05). It was determined that with the increase in the
tea ratio in the extraction process, there was a decrease in
the total amount of phenolic substances at all infusion
temperatures and times, and these quantitative differences
were significant (p<0.05). It was also discovered that with
the increase of the tea: water ratio in the extraction
process, in other words, with the decrease in the solvent
(water) ratio, the transfer of phenolic substances to the
extract decreases, and the yield of extract decreases in
absolute terms. In all conditions, by comparison with the
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control samples, there was an increase in total phenolics
of enzyme-supplemented samples, which was found to be
significant (p<0.05).

Rusaczonek et al. (2010) indicated that the total
amount of phenolic substances in black tea after 5 minutes
of infusion with water at boiling temperature at a 1:100
tea: water ratio was 112-151 mg GAE/g. Hanay (2011),
using a tea: water ratio of 2.83:250 in Turkish black tea,
declared that after 20 minutes of infusion at 90°C, the total
phenolic content of the extract was 38.37+0.75 mg/g.

It was noticed that the amounts of total phenolic
substance found in the current study are lower than the
amounts discovered by other researchers. The differences
in the amounts are believed to be related to the distinctions
in tea type, harvest season, geographical origin, process,
and extraction conditions.

3.3. Catechin amounts of black tea extracts

The most remarkable components of tea are phenolic
compounds. The major tea polyphenols are catechins that
constitute about 75-80% of the soluble solid fraction (Lu
et al., 2009). The main tea catechins are catechin (C),
gallocatechin  (GC), (ECQG),
epicatechin  (EC), epigallocatechin (EGC), and
epigallocatechingallate (EGCG), and EGCG accounts for
more than 50% of phenolic compounds (Li et al., 2017).
Catechins provide color, aroma, and taste in tea

epicatechingallate

production. Thus, the astringency and bitterness of tea are
due to catechins (Yang et al., 2007).

When infusion time is lengthened, chemical changes
in the catechins may occur, and catechins’ epi-forms can
be changed to non-epi forms, called epimerization. The
epicatechins existing in tea, which are EC, ECG, EGC,
and, EGCQG, are called cis-type. They can be transformed
into their epimers which are non-epicatechins such as C,
CG, GC and GCG. Epimerization, which can also occur
at high temperatures, can be reversed. According to Wang
et al. (2020), temperature rise resulted in the decline of
catechin concentrations while their isomers increased. A
diminishing trend in total catechins with the temperature
rise demonstrated catechin degradation. Also, it was
claimed that tea catechins could be changed to their
epimers throughout the brewing, production, and storage
processes of conventionally tea infusions and canned tea
drinks (Saklar et al., 2015).

Figure 3 presents EGCG values of black tea extracts
detected by different tea: infusion
temperatures  and

water ratios,
times, and tannase enzyme
supplementation. The amount of EGCG in the samples
found out by the ultrasonic extraction was 9.08-110.27
mg/l in the first extracts, 4.84-87.29 mg/l and 7.16-100.63
mg/l range in the tannase-supplemented and control
samples, respectively.

Total Phenolic Compounds of Black Tea Extracts (g GAE/100 g dry black tea)

W

% ~
3,50 —
3,00 ——
2,50
2,00 /—‘\v
1,50
1,00
5%
’ F.E. CNTRL  TAN F.E.
1/100
—0—50°C 5dk 1,67 2,16 2,21 1,86
50°C 10dk 2,06 2,55 2,58 2,09
50°C 20dk 2,61 2,79 2,85 2,37
70°C 5dk 2,72 2,76 2,80 2,61
——70°C 10dk 3,25 3,15 3,22 3,24
—=0—70°C 20dk 3,69 3,85 3,89 3,05

[

CNTRL TAN F.E. CNTRL TAN
5/100 10/100
1,78 1,89 1,83 1,67 1,84
2,01 2,11 1,95 1,89 1,99
2,23 2,39 2,20 2,04 2,18
2,28 2,66 2,47 2,12 2,51
2,93 3,30 2,56 2,40 2,78
2,94 3,13 2,85 2,39 2,89

Figure 2. Total Phenolic Compounds of Black Tea Extracts (g GAE/100 g dry black tea)

Sekil 2. Siyah ¢ay ekstraktlarmmin toplam fenolik madde degerleri (g GAE/100 g kuru siyah ¢ay)
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EGCG (mg/l)

9,08
9,27
9,49
9,14
10,19
11,50

CNTRL
1/100
7,16
7,21
7,93
8,18
8,57
8,67

4,84
5,01
5,13
6,92
7,09
7,31

44,84
45,12
45,30
56,10
56,41
57,00

CNTRL TAN F.E. CNTRL TAN
5/100 10/100
41,79 35,80 88,86 85,22 76,55
42,69 40,01 93,39 86,17 83,48
44,28 40,51 94,20 87,25 84,00
50,46 44,22 101,63 94,80 66,96
52,03 44,88 104,50 99,70 76,08
52,97 45,85 110,27 100,63 87,29

Figure 3. EGCG amount of black tea extracts (mg/l)

Sekil 3. Siyah ¢ay ekstraktlarinin epigallokategingallat (EGCG) miktar: (mg/l)

It is apparent from this figure that the EGCG values of
the extracts increased as a result of the increase in the tea:
water ratio, infusion temperature and duration, and these
increases were significant (p<0.05), statistically. With the
tannase enzyme application at all tea: water
concentrations, infusion temperatures and times, it was
discovered that there were drops in the EGCG amounts of
the samples, which was significant (p<0.05), statistically.

EGC values of black tea extracts obtained by different
tea: water ratios, infusion temperatures and times, and
tannase enzyme supplementation are presented in Figure
4. The amount of EGC in the samples of the ultrasonic

extraction method was between 5.45-81.66 mg/l in the
first extracts, 17.69-158.16 mg/l, and 5.07-78.65 mg/l in
the samples with and without enzyme treatment,
respectively.

The findings also revealed that the tea: water ratio and
the infusion temperature had a significant (p<0.05) effect
on the EGC values of the samples, statistically. An
increase in the amount of EGC was detected when the
temperature increased. With tannase enzyme application
at all different infusion temperatures and times, the EGC
values of the samples increased, which was found
significant (p<0.05).

EGC (mg/l)

200,00

150,00

100,00

50,00

0,00 — —
-50,00 F.E. CNTRL  TAN F.E.
1/100

—0—50°C 5dk 545 5,07 17,69 25,93
——50°C 10dk 9,38 8,74 25,33 33,89
50°C 20dk 13,62 9,61 32,10 41,88
70°C 5dk 5,64 5,09 20,72 31,74
——70°C 10dk 13,48 12,12 26,35 35,19
—0—70°C 20dk 13,94 12,28 28,15 36,62

Figure 4. EGC amount of black tea extracts (mg/l)

CNTRL TAN F.E. CNTRL TAN
5/100 10/100
21,61 85,17 48,90 41,53 122,10
30,14 105,49 63,31 55,60 142,93
39,00 109,50 65,58 64,41 144,82
27,83 87,49 72,89 72,24 130,94
33,96 11131 75,20 75,02 153,67
35,47 127,08 81,66 78,65 158,16

Sekil 4. Siyah ¢ay ekstraktlarimin epigallokatesin (EGC) miktar: (mg/l)
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GA (mg/l)
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50°C 10dk 29,92 27,48 3947 10885 104,02 17469 182,04 180,74 306,83
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70°C 20dk 24,47 29,95 63,93 90,01 8929 17854 180,07 = 180,63 291,64

Figure 5. GA amount of black tea extracts (mg/l)

Sekil 5. Sivah ¢ay ekstraktlarinin Gallik Asit (GA) miktart (mg/l)

Figure 5 illustrates GA values of black tea extracts
discovered by different tea: water ratios, infusion
temperatures and times, and tannase enzyme
supplementation. The amount of GA in the samples
obtained by ultrasonic extraction ranged between
9.94-227.46 mg/l in the first extracts, 35.23-373.64 mg/l
and 20.45-227.12 mg/1 in the tannase-supplemented and
control samples, respectively.

Findings revealed that the tea: water ratio, infusion
temperature and time had a significant (p<0.05) effect on
the GA values of the samples, statistically. The GA
amounts of the extracts generally increased depending on
the change in the tea: water ratios and the increase in the
infusion temperature and time, which was significant
(p<0.05). Moreover, GA amounts of the samples increased
with applying tannase enzyme at all infusion temperatures
and times, which was significant (p<0.05), statistically.

Previous studies revealed that black tea contains less
catechins than green tea. In contrast, black tea possesses
higher amounts of gallic acid. This situation is likely due
to GA conversion from catechin gallates during
fermentation (oxidation) of green tea to black tea. During
biochemical oxidation, the amount of catechin (EGCG,
ECG, EC, C, EGC, GCG) decreased while the amount of
gallic acid increased (Gramza et al., 2005).

Tirkmen (2007) declared the amount of EGCG in
Turkish black teas by ultrasonic extraction (40 min.) as
0.70£0.01 mg/g dry weight. Further, Raghuwanshi et al.
(2013) examined the effects of the tannase enzyme

(Penicillium Charlesii) on the Kangra black tea extract
(CTC method), infusion at 85°C for 20 minutes at a ratio
of 5:100 tea: water. They found the amount of EGCG in
the control and tannase-supplemented samples as 26.54
mg/g tea and 2.83 mg/g tea, respectively. The amount of
EGC in control and tannase-supplemented samples was
18.96 mg/g tea and 42.12 mg/g tea, respectively. They also
discovered that the amount of GA in control and tannase-
supplemented samples was 10.10 mg/g tea and 113.2 mg/g
tea.

What is more, Chandini et al. (2011) stated that the
amount of EGC in the extract (at a ratio of 2:100 tea: water
at 90°C for 40 minutes) using CTC-type black tea supplied
from India was 3.69+0.16% in the control sample,
3.82+0.13% and 3.90+0.00%, respectively with 10 and 20
U/g dosage tannase in black tea.

Furthermore, Li et al. (2017) reported that the ratio of
tannase to tea was 1:1 (v/w), and there was a decline in
EGCQG, from 246.5 pg/ml to 153.9 pg/ml. Yet, an increase
was observed in gallic acid, from 21.9 pg/ml to
83.9 pg/ml. After treating inferior Tieguany in oolong tea
leaves with tannase, EGCG was minimized by 37.6% .

As a result of the enzymatic treatment, a decrease in
the gallated catechins (EGCG), and an increase in
ungallated catechins (GA, and EGC) were detected.
According to the previous findings of Chandini et al.
(2011), after tannase split the ester bonds in ECG and
EGCQG, the transformation of EGCG to EGC and GA,
hydrolyzation of GCG to GC and GA, and degradation of
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ECG to EC and GA occurred. The increases in EGC
amounts with the use of tannase enzyme in the present
study are quite similar to the increases in EGC amounts
and decreases in EGCG found by other researchers.

It was also reported by Saklar et al. (2015) that various
factors affect the catechin contents of different tea
cultivars such as type of tea, age of tea leaves, harvesting
seasons and conditions, climate, cultivation practices,
drying, and technological processes during tea production.

4. Results

In conclusion, the most significant finding to emerge
from this study is that applying the tannase enzyme
contributed to the reduction of cream formation, which is
one of the problems in RTD tea production. The results
indicated that the amount of cream in black tea extracts
obtained by ultrasonic extraction decreased by
38.89-59.11% with the tannase treatment. At the same
time, thanks to the reduction in cream formation with the
application of tannase enzyme, it is seen that products with
higher functional properties can be produced thanks to the
fact that phenolic substances, especially catechins, which
are the functional components of tea extracts, remain in
the tea extract. It is hoped that the findings in the present
study will make noteworthy contributions to the literature
and serve as a base for future and more comprehensive
studies.
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Abstract: Yield estimation is an important field of study in agriculture. Forecasting yields provides producers, consumers,
traders and policymakers with important preliminary information and time to take necessary action. Corn is an important
product in terms of international trade and is widely used in human and animal nutrition throughout the world. Adana
produces the highest amount of corn sown both as main and secondary product in Tiirkiye. Therefore, in this study, corn yield
was tried to be estimated by using various meteorological parameters and plant fertilizer usage amounts. For this purpose,
statistical (Auto-ARIMA), machine learning (Random Forest) and deep learning (CNN, LSTM) methods were used. The
study findings showed that all models used predicted maize yield highly accurately. However, the highest accuracy LSTM
model estimated the yield of first corn crop.

Keywords: Yield estimation, deep learning, corn,

Istatistiksel, Makine Ogrenmesi ve Derin Ogrenme Yéntemleri ile Misir Verimi Tahmini

Oz: Tarimda verim tahmini 6nemli bir ¢alisma alanidir. Verimin énceden tahmin edilmesi iireticilere, tiiketicilere, tiiccarlara
ve politika yapicilara 6dnemli 6n bilgiler sunmakta ve gerekli tedbirlerin alinmasi i¢in zaman saglamaktadir. Misir, diinya
genelinde insan ve hayvan beslenmesinde yaygin olarak kullanilan, uluslararasi ticaret agidan da énemli bir {iriindiir. Adana
iilkemizde misir iiretiminin hem ana iiriin olarak hem de ikincil {irlin olarak en yiiksek miktarda yetistirilen ildir. Bu nedenle,
bu calismada, gesitli meteorolojik parametreler ve bitki giibre kullanim miktarlart kullanilarak misir verimi tahmin edilmeye
calisgtlmistir. Bu amag¢ dogrultusunda, istatistiksel (Auto-ARIMA), makine 6grenmesi (Random Forest) ve derin 6grenme
(CNN, LSTM) yontemleri kullanilmigtir. Calisma bulgulari, kullanilan tiim modellerin misir verimini yiiksek oranda dogru
tahmin ettigini gostermistir. Bununla birlikte en yiiksek dogruluk LSTM modeli ile birinci musir {irlinii verimini tahminde

bulunmustur.

Anahtar Kelimeler: Verim tahmini, derin 6grenme, misir

1. Introduction

Turkey is among the countries that produce a
significant amount of corn worldwide. According to the
data of the Turkish Ministry of Agriculture and
Forestry, annual corn production in Turkey has been
changing between 5-7 million tons on average in recent
years (TSI, 2023). Turkey has an important ranking in
world corn production. According to the amount of
production, Turkey is generally among the top 20
countries in world corn production (FAOSTAT, 2023).
However, the exact ranking may vary depending on the
year and the amount of production. Turkey is a
favorable country for corn production in terms of
climate and soil characteristics. Corn is a plant that can
be grown in various regions of Turkey. Corn
production is common especially in Marmara, Aegean,
Central Anatolia and Southeastern Anatolia regions.

As a fundamental agricultural product, corn is an
important food source for human consumption and is
widely used as animal feed. For Turkey's livestock
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sector, corn is a key ingredient for feed production.
Corn production contributes to the provision of
products such as maize flour and maize silage used as
animal feed. The agricultural sector in Turkey is an
important part of the economy. Corn is a product that
plays an important role in agricultural exports and
contributes to the agricultural economy. Increasing the
domestic production of corn encourages the growth of
the agricultural sector and reduces foreign dependency.
The Mediterranean Region, especially Cukurova,
ranks first in Turkey's grain corn production. Last year,
Adana ranked first with 1.036.130 tons of grain corn
production in Turkey, which was 5 million 900
thousand tons. Adana province produces approximately
17.5% of Turkey's total corn production. Corn
production in Adana can be done as the main crop or as
a secondary crop. Since 2011, corn cultivation area and
production as the primary product has followed a
fluctuating but increasing course. As a second crop, a
contraction is observed in its cultivation (Table 1).
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Table 1. Corn cultivation in Adana Province
Cizelge 1. Adana ili miswr iiretimi

Sown Area (da)  Sown Area (da)
Primary Product  Second Product

Yield (kg/da)
First Product

Yield (kg/da)
Second Product

Production (ton)
First Product

Production (ton)
Second Product

2011 564.470 330.622 947
2012 540.837 251.452 923
2013 652.373 246.119 1.108
2014 720.870 198.710 1.180
2015 772.689 185.131 1.109
2016 811.721 155.649 1.145
2017 761.871 169.937 1.145
2018 611.651 127.778 1.162
2019 568.470 97.174 1.106
2020 624.954 76.596 1.188
2021 571.112 93.075 1.294
2022 780.283 86.700 1.051

685 534.295 226.449
729 499.148 183.314
785 722.769 192.515
780 850.720 154.931
857 856.808 158.620
1.010 929.455 157.151
964 872.314 163.816
1.031 710.940 131.757
917 628.713 89.089
1.011 742.503 77.475
765 738.956 71.189
788 820.050 68.298

Source: TSI, 2023

Yield estimation in agricultural activities provides
producers with the opportunity to predict the amount of
future production. These forecasts allow producers to
plan production and effectively manage resources
(water, fertilizer, seeds, etc.). Agricultural enterprises
can determine the sowing time, plan the harvesting
processes and adjust the production amount according
to market demands in line with yield estimates.
Agriculture is exposed to many risk factors. Factors
such as climate changes, diseases, pests, natural
disasters can negatively affect yield. Yield forecasting
guides producers in developing risk management
strategies by evaluating the effects of these risk factors.
For example, in the case of low expected vyields,
producers may consider alternative product options or
resort to risk reduction tools such as insurance. Yield
forecasting plays an important role in the marketing
and trading processes of agricultural products.
Estimation of production quantity can be matched with
market demand and adjusted to trade processes. It
provides basic information on yield estimation, export
planning and negotiation, especially in export-oriented
agricultural products. Yield estimation helps to manage
agricultural resources (water, soil, energy, etc.)
efficiently. Forecasts contribute to making more
informed decisions on issues such as water resources
and irrigation schedules, fertilizer use, pesticide
applications, and management of other agricultural
inputs. This ensures the adoption of sustainable
agricultural practices and the protection of natural
resources.

Agricultural crop yield estimation has been studied
as an important issue in the agricultural sector.
Research in this field consists of the use of various
methods and analyzes on different agricultural
products. Matsuura et al. (2014) discuss a comparison
of regression and machine learning models for maize

yield prediction in Jilin, China. Analyzes using various
datasets focus on identifying the ANN model with the
best forecasting performance. Sharifi (2020) deal with
yield prediction of field crops using satellite imagery
and machine learning techniques. The data obtained
from satellite images are combined with various
machine learning algorithms to evaluate the
performance of the models used in yield estimation.
Fathima et al. (2020) present an agricultural crop yield
estimation method based on climate data and data
mining techniques. Relationships between climate data
and agricultural data are analyzed using data mining
techniques and models are built to predict future crop
yields. Joshi et al. (2023) discuss a deep learning-based
agricultural crop yield estimation method. Field images
obtained using remote sensing data are processed with
deep learning algorithms and models used to predict
agricultural crop yields are developed. Kundu et al.
(2022) consider yield estimation of field crops using
machine learning methods and model coupling
techniques. It is aimed to obtain more accurate and
reliable yield estimates by using various machine
learning algorithms and model fusion techniques.
Paudel et al. (2022) make regional agricultural crop
yield prediction based on ensemble machine learning
methods through a case study in Shandong Province,
China. The current study employs various methods
from statistical, machine learning and deep learning
fields. In this way, the study results will shed light on
the applicability of different methodologies commonly
used for prediction purposes in separate studies. The
results are given in a comparative way to determine the
best efficient method for prediction corn yield in
Turkey. By combining different machine learning
algorithms, it is tried to produce more accurate and
reliable agricultural product yield predictions.
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In this study, it is aimed to make future yield
estimations by determining external factors such as
climate and fertilization that affect corn yield in Adana
province. For this purpose, Auto-ARIMA model, which
is the most widely used statistical method, Random
Forest, which is one of the most powerful machine
learning methods, and Convolutional Neural Network
(CNN) and Long Short-Term Memory neural
networks, which are deep learning methods that have
been increasingly used in recent years, were compared.
has been applied. The data set and the codes of the
applications produced within the scope of the study
were shared in the public github repository for the
benefit of other researchers.

2. Material and Methods

When corn is planted as the main product in Adana,
it is planted in April - May and harvested in July-
August. As a second crop, it is planted at the beginning
of July at the latest and is harvested in September-
October. For this reason, meteorological parameters of
the April-October months measured in Adana province
were taken from the General Directorate of
Meteorology. These data include monthly average 10
cm soil temperature, average minimum temperature,
average temperature, average wind speed and monthly
total precipitation. In addition to these data, the
amounts of nitrogen (N), phosphorus (P202) and
potash (K20) used in Adana province were included in
the study as plant nutrition inputs. Thus, the amount of
yield (kg/da) was tried to be estimated with 39 inputs
(Table 2). Some important meteorological parameters
such as evapotranspiration, global radiation etc. could
be included in the study due to the large missing
observations in their times series.

Table 2. Input variables
Cizelge 2. Girdi degiskenleri

Inputs Input Category and

Metric Unit

Numeric — tons
Numeric - tons
Numeric — tons
Numeric - tons

Nitrogen (N)
Phosphorus (P205)
Potas (K20)

Total Plant Nutrient
Mean Soil Temperature

at 10cm x 7 months Numeric - °C
(April-October)

Monthly Mean Minimum

Temperature X 7 months Numeric — °C

(April-October)

Monthly Mean Wind Speed
(April-October) x 7 months
(April-October)

Monthly Mean Temperature
x 7 months (April-October)
Monthly Total Precipitation
x 7 months (April-October)

Numeric - m/sec

Numeric - °C

Numeric - mm

76

2.1. ARIMA

For the Auto-ARIMA method, it was tested for
stationarity with the Augmented Dickey-Fuller test and
the first differences of the non-stationary series were
made stationary by taking the first difference and then
standardized with the Min-Max scaling method. For
CNN and LSTM methods, stationarity tests were not
performed on the data.

ARIMA  (Autoregressive Integrated Moving
Average) is a model for analyzing a time series data,
making predictions and estimating its future values.
Auto-ARIMA chooses the best model by trying
different ARIMA models to analyze time series data
(Yermal & Balasubramanian, 2017). This method helps
the model to automatically determine the optimal p, d,
and q parameters. where p is the number of
autoregressive terms; d is the degree of difference of
the data; and q is the number of moving average terms.

(1—6,B — 6,B% — - — 6,BP)(1 — B)PY,
=1+ @B+ @,B* 4+ -+ ¢BYs,

Where:

- Ytis the value of the time series at time t,

- B is the backshift operator that represents the lag
operator,

- 0y, 02, ... Op are the autoregressive parameters
where P is the maximum order of autoregression,

- D is the maximum order of differencing,

- 01, ¢2, ..., g are the moving average parameters
where Q is the maximum order of the moving average,

- & represents white noise, a random error term
with mean zero and constant variance

The working principle of Auto-ARIMA starts by
making the data stationary by determining the degree
of difference applied to the data. A series of ARIMA
models are then automatically generated using different
p, d, and g values, and these models are applied to the
residuals of the data. This process relies on various
statistical criteria (eg AIC, BIC) to evaluate the
performance of the models and select the best model.
The best model is considered the one that provides the
best fit and the lowest information loss.

2 2. CNN (Convolutional Neural Network)

CNN is an artificial neural network model that is
widely used in the field of deep learning and is
especially effective in visual data analysis such as
image recognition, object detection and image
classification. This model is inspired by biological
neural networks and uses convolutional layers to detect
local patterns of data. It consists of convolutional



OZDEN /JAFAG (2023) 40 (2), 74-80

layers, activation functions,
connected layers.

Pooling Layers: Pooling layers are used to reduce
the spatial dimensions of the feature maps, reducing
the number of parameters in the model and aiding in
translation invariance. The most common pooling
operation is max-pooling, which takes the maximum
value within a small region of the feature map.

Activation  Functions:  Non-linear  activation
functions, such as ReLU (Rectified Linear Unit), are
applied after convolutional and pooling layers to
introduce non-linearity into the network, enabling it to
learn complex patterns in the data.

Fully  Connected  Layers:  After  several
convolutional and pooling layers, the feature maps are
flattened and connected to one or more fully connected
layers, which act as a traditional neural network for
making final predictions.

Weight Sharing: One key feature of CNNs is weight

pooling and fully-

Max
Pooling

Figure 1. CNN architecture
Sekil 1. CNN mimarisi

2.3. LSTM (Long Short-Term Memory)

LSTM is a type of recursive neural network that is
particularly effective in modeling data with long-term
dependencies, such as time series data. It is mainly
designed to address the vanishing gradient problem and
effectively capture long-term  dependencies in
sequential data (Hochreiter & Schmidhuber, 1997). The
key feature of LSTM is that it can more effectively
handle long-term addictions compared to traditional
recursive neural networks (Figure 2). This is

LSTM Layer

Figure 2. LSTM architecture
Sekil 2. LSTM mimarisi

# Dense »{ Prediction

sharing, which allows the same set of learnable filters
to be applied to different parts of the input image. This
helps reduce the number of parameters in the model
and enables CNNs to generalize well to different
locations of features in the input.

The CNN model is created by iteratively combining
these  basic  components.  Usually  multiple
convolutional layers and pooling layers are followed
by fully connected layers (Kim, 2017). This
architecture can produce effective results by learning
hierarchical properties of data and offering advanced
pattern recognition capabilities. Convolutional Layers:
The fundamental building blocks of CNNs are
convolutional layers. These layers apply convolution
operations to the input image to extract various
features. Convolution involves sliding a small filter
(also called a kernel) over the input image and
computing  element-wise  multiplications  and
summations to produce feature maps.

@)

La}'er

O

accomplished using the cell state. The cell state is like
a line that carries information inside the network and is
maintained or changed over time. Another important
component of LSTM are three gates used to control
input data and make decisions: Forget Gate, Input Gate
and Output Gate. These components of the LSTM
enable the model to make better predictions by
effectively capturing long-term dependencies and
preserving important information.
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2.4. Random Forest

Random Forest is an ensemble learning method that
is widely used in the field of machine learning. This
method is an assembly created by combining many
decision trees. Each tree is trained on random samples
of the dataset and makes predictions independently
(Biau & Scornet, 2016). The formula for building a
Random Forest model involves two main components:
the process of creating individual decision trees and the
voting mechanism to combine their predictions.

1. Building individual trees:

a. Selecting a Subset of Features: Given a dataset
with "n" samples and "m" features, at each node of the
decision tree, a random subset of features (typically
denoted as "k") is selected to split the data. The value
of "k" is usually much smaller than "m," and it remains
constant throughout the tree-building process.

b.Data Bootstrapping: For training each tree, a
random subset of the original data is sampled with
replacement. This process, known as bootstrapping,
creates a new dataset of the same size as the original
but with some duplicate and missing samples.

C. Building Decision Trees: Using the selected
features and the bootstrapped dataset, a decision tree is
built recursively by selecting the best feature and split
point at each node, based on criteria such as Gini
impurity (for classification) or mean squared error (for
regression).

2. Voting mechanism:

a. Classification: For classification tasks, each tree
in the Random Forest independently predicts the class
label of a sample. The final prediction is determined
through majority voting, i.e., the class that receives the
most votes from the individual trees is considered the
final predicted class.

- Yield

Yield

b. Regression: For regression tasks, the output of
each tree in the Random Forest is a numerical
prediction. The final prediction is obtained by
averaging the predictions from all the individual trees.

Pmdarima Python library is wused for the
application of the Auto-ARIMA method. The
implementation of the Random Forest model is made
with the help of the Scikit-Learn library. The simplest
possible architectural structure was created for the
CNN and LSTM models. The CNN architecture is
composed of 1 ConvlD layer with 63 neurons, 1
MaxPooling with pool size 2, 1 Dense Layer with 50
neurons and 1 Dense layer as output (Figure 1). On the
other hand, LSTM architecture contains 1 LSTM layer
with 50 neurons and 1 Dense layer as output (Figure
2). RelLu is chosen as activation and Adam is used as
optimizer with a learning rate of 0.005, and both
models were trained for 1000 epochs.

3. Results and Discussion

The data used in the study consists of monthly
observations between 2011 and 2022. A total of 39
inputs including weather parameters, plant fertilizer
and nutrients are used as inputs in order to predict the
corn vyield cultivated as first and second product in
Adana province. The correlations between inputs and
yield are shown in Figure 1. When there is no
correlation between 2 variables (when correlation is 0
or near 0) the color is gray. The darkest red means
there is a perfect positive correlation, while the darkest
blue means there is a perfect negative correlation.
Further details can be seen at the public Github
repository (https://github.com/cevher/corn-yield-
prediction/tree/master).
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Figure 3. Correlation results between inputs and yield (1% and 2" product, respectively)
Sekil 3. Girdi degiskenleri ile verim (ilk ve ikinci iiriin) arasindaki korelasyon sonuglar
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Table 3. Analysis results
Cizelge 3. Analiz sonuclar

Corn Yield (First Product)

Corn Yield (Second Product)

MAE MSE RMSE MAE MSE RMSE
Auto-ARIMA 0.2996 0.1024 0.3201 0.3151 0.1512 0.3888
Random Forest 0.3028 0.1040 0.3226 0.4082 0.1668 0.4084
CNN 0.2679 0.0724 0.2691 0.4362 0.2310 0.4806
LSTM 0.2471 0.0612 0.2475 0.5063 0.3379 0.5813

Prior to the application of Auto-ARIMA model,
data was checked for stationarity using Augmented
Dickey-Fuller test and first difference of data provided
stationarity. Then, Min-Max scaler was used to
standardize variables in order to eliminate any possible
bias among data. Subsequently, data was split into 90%
training and 10% test set. All models were applied
separately to predict corn yield of the first and second
cultivated products. Mean Squared Error, Mean
Absolute Error and Root Mean Squared Error metrics
were used to evaluate the accuracy of models. The
results are summarized in Table 3.

The results indicate that all models are robust in
predicting on yield within statistically acceptable level.
However, it is noteworthy that models are more
capable of predicting the yield for the 1% product corn.
The highest accuracy was obtained with LSTM model
for the yield of the first product corn. This was closely
followed by CNN, Auto-ARIMA and Random Forest
models. The study results clearly show that corn yield
can be predicted with any of the models using the
selected weather and plant nutrient input variables. The
previous studies mainly used either remote sensing
images or deep architectures of neural networks. To our
knowledge, LSTM and CNN have not been used in
predicting agricultural product yield in comparison
with other common statistical methods. The results of
this study reveal that corn yield can be accurately
estimated by using the simplest possible architectures
of CNN and LSTM when there are enough
meteorological and nutrient input observations
collected between planting and harvesting periods.

4. Conclusion

This study makes a comparative analysis on the
prediction of corn vyield using various statistical,
machine learning and deep learning models. The
dataset contains the monthly observations of weather
parameters and annual amount of plant nutrients,
fertilizers to forecast the corn yield cultivated as 1% and
2" product in Adana Province, which is the biggest
corn producing city in Turkey. Corn vyield is quite
significant as corn is consumed by humans and used
intensively in animal feed production. Statistical,

machine learning and deep learning models are used
for this prediction purpose in a comparative way. All
models are found quite apt at learning the relations
between input variables and corn yield and provided
accurate yield predictions for both first and second
product corn. However, the models provided slightly
better results for the first product corn. Overall, LSTM
yielded the highest accuracy in predicting the yield of
the first product corn. It was closely followed by CNN,
Auto-ARIMA and Random Forest models. Further
studies can be implemented to generalize the findings
of the current study over other corn production areas.
Also, this methodology can be extended to other
agricultural products and additional meteorological and
agricultural observations can be included in the
analysis, as well.
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Abstract: The main objective of this study was to evaluate the fruit quality characteristics and biochemical properties of
Mondial Gala, Jeromine, and Granny Smith cultivars grafted on M9 full-dwarf clonal rootstock and Granny Smith, Fuji, Galaxy
Gala, Red Chief, and Scarlett Spur cultivars grafted on MM 106 semi-dwarf clonal rootstock grown in Ordu (Tiirkiye) ecological
conditions. During the research, fruit weight, fruit dimensional characteristics, fruit firmness, color characteristics, soluble solids
content, titratable acidity, pH, vitamin C, total phenolic, total flavonoid and antioxidant activity of the cultivars were
investigated. In the study, it was determined that, fruit weight, fruit firmness, SSC and Vitamin C 185.40 g (Mondial Gala/M9)-
284.03 g (Scarlet Spur/MM 106), 69.73 N (Galaxy Gala/MM 106)-84.47 N (Granny Smith/M9), 8.29% (Scarlett Spur/MM
106)-14.27% (Fuji/MM 106), 58.00 mg (Scarlet Spur/MM 106)-112.33 mg (Granny Smith/M9), respectively. In addition, it was
determined that Granny Smith, Red Chief, Mondial Gala, and Jeromine cultivars stand out in terms of bioactive compounds that
positively affect human health compared to other cultivars. As a result, it has been revealed that apple cultivars grafted on M9
and MM 106 clone rootstocks examined in the study can be grown in high quality in Ordu ecology.

Keywords: Antioxidant, fruit firmness, Malus domestica, pomology, vitamin C

Ordu Ekolojisindeki Bazi Standart Elma Cesit/Ana¢c Kombinasyonlariin Meyve Ozellikleri

Oz: Bu ¢alismanin temel amaci, Ordu (Tiirkiye) ekolojik kosullarinda yetistirilen M9 tam bodur klon anac {izerine asili Mondial
Gala, Jeromine ve Granny Smith ¢esitleri ile MM 106 yar1 bodur anaci iizerine agili Granny Smith, Fuji, Galaxy Gala, Red Chief
ve Scarlett Spur ¢esitlerinin meyve kalite 6zellikleri ile biyokimyasal igerigini belirlemektir. Arastirmada g¢esitlerin meyve
agirhigi, meyve boyutsal 6zellikleri, meyve sertligi, renk 6zellikleri, suda ¢oziinebilir kuru madde miktari, titre edilebilir asitlik,
pH, C vitamini, toplam fenolik, toplam flavonoid ve antioksidan aktiviteleri incelenmistir. Calismada meyve agirligi, meyve eti
sertligi, SCKM ve C vitamini igerigi sirasiyla 185.40 (Mondial Gala/M9)-284.03 g (Scarlet Spur/MM 106), 69.73 (Galaxy
Gala/MM 106)-84.47 N (Granny Smith/M9), %8.29 (Scarlet Spur/MM 106)-%14.27 (Fuji/MM 106) ve 58.00 (Scarlet Spur/MM
106)-112.33 mg (Granny Smith/M9) arasinda belirlenmistir. Ayrica Granny Smith, Red Chief, Mondial Gala ve Jeromine
¢esitlerinin insan sagligin1 olumlu yoénde etkileyen biyoaktif bilesikler agisindan diger ¢esitlere gore 6ne ¢iktigl saptanmigmustir.
Sonug olarak, ¢aligmada incelenen M9 ve MM 106 klon anaglari iizerine asili elma ¢esitlerinin Ordu ekolojisinde kaliteli bir
sekilde yetistirilebilecegi tespit edilmistir.

Anahtar kelimeler: Antioksidan, meyve eti sertligi, Malus domestica, pomoloji, vitamin C

1. Introduction With the development and using of full-dwarf and

Apple (Malus domestica Borkh.), in the Rosaceae
family's Malus genus, is among the oldest cultivated
pome fruit species. It is reported that the origin of apples
is Anatolia, Caucasus, and Central Asia (Bayazit et al.,
2019). At the same time, it is a fruit species that can
easily adapt to many regions with its high adaptability
and can be produced in large areas accordingly. Due to
the fact that Tiirkiye is among the homelands, this fruit
species is cultivated intensively in the ecological
conditions of our country (Ozmen & Cekic, 2018).

semi-dwarf rootstocks in apple cultivation, modern
farming techniques have started to develop rapidly. In
this sense, with the application of the intensive planting
systems, and the development of the training and
pruning techniques in fruit trees, an increase in yield to
be obtained from the unit area, which is among the most
important goals of modern fruit growing, has been
achieved (Dadashpour et al., 2019). Therefore, the
selection of the rootstock and cultivar to be used in
breeding increases its importance day by day. It is
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reported that rootstocks have an equal effect on growth
vigor and productivity as in grafted scions (Gjamovski
& Kiprijanovski, 2011). However, when choosing
rootstocks and cultivars, ecological conditions such as
light, humidity, temperature, and soil structure must be
considered in the regions where production will be
made. It is known that these factors significantly impact
yield and fruit quality based on species and cultivars
(Eskimez et al., 2020).

Despite the positive developments in dwarf apple
cultivation in Tiirkiye in recent years, it is stated that
traditional approaches in terms the of training systems
and pruning practices continue, so the expected yield
from the orchards cannot be obtained. It is reported that
the studies should be carried out to determine the yield
characteristics of the popular cultivars and rootstock
combinations to eliminate this situation in our country
(Ozkan & Kucuker, 2009). The ecological demands of
the new cultivars developed the breeding studies show
differences. Therefore, it is reported that the economic
losses that may occur due to the wrong cultivar can be
prevented by carrying out studies on adapting these
cultivars in different regions of our country (Balta et al.,
2020). As a matter of fact, in recent years, many studies
have been reported to determine the performance of the
different apple cultivars in different regions in Tiirkiye
(Aksoy, 2017; Balta et al., 2020; Bolat et al., 2019;
Ceylan, 2008; Ozturk & Ozturk, 2016; Oztiirk et al.,
2016; Ozongun et al., 2014; Ozongun et al., 2016; Soylu
et al., 2003; Sensoy & Bostan, 2019; Turan & Karlidag,
2022).

This study was carried out to determine the fruit
quality characteristics of the different apple cultivars
grafted on M9 full-dwarf and MM 106 semi-dwarf
clonal rootstocks in Ordu (Tiirkiye) in 2017-2018 years.
The findings obtained from the study will facilitate the
selection of the cultivars for the producers who aim to
grow apples in the region.

2. Materials and Methods

2.1. Plant Materials

The plant material of the study consisted of Mondial
Gala, Jeromine, and Granny Smith cultivars grafted on
M9 dwarf rootstock; Granny Smith, Fuji, Galaxy Gala,
Red Chief, and Scarlett Spur cultivars grafted on MM
106 semi-dwarf rootstock in Ordu University, Faculty of
Agriculture, Application and Research Center. Trees
were planted with 3.0 x 1.2 m between rows and trained
with the central leader system for M9 rootstock; 3.5 x
3.0 m between rows and pruned with the goble system
for MM 106. Irrigation is done with a double-line drip
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irrigation system with 2 L/h drippers, and other cultural
processes are also applied regularly.

2.2. Methods

The experiment was designed according to the
completely randomized plots with three replications and
four trees in each replication. Considering the planting
year, trees with similar growth vigor were selected.
Measurements and analyzes were carried out on trees in
2017 (3 years old) and 2018 (4 years old). However,
since the fruit set did not occur in Fuji, Galaxy Gala, Red
Chief, and Scarlett Spur cultivars grafted on MM 106
rootstock in 2017, these characteristics could not be
examined.

2.2.1. Physical characteristics

Fruit weight (g) was determined with a digital
precision scale (Desis, Tiirkiye) with an accuracy of
0.01 grams. Fruit sizes were determined by measuring
with a digital caliper (Mitutoyo, Japan) with a sensitivity
of 0.01 mm. Fruit firmness was determined with a
penetrometer (FT-327, Italy) using an 11.1 mm tip by
measuring two different places where the skins were
peeled from the equatorial region of the fruit.
Measurements were performed on 10 fruit for each
replication. The skin color of the fruit (10 fruit) was
determined using a colorimeter (Minolta, model CR-
400, Tokyo, Japan) in CIE L*, a*, b*, chroma, and hue
angle (McGuire, 1992).

2.2.2. Soluble solids content (SSC), titratable
acidity (TA), pH and vitamin C

SSC was determined with a digital refractometer
(PAL-1, McCormick Fruit Tech. Yakima, ABD) from
the juice sample obtained without sediment from the
fruit. According to Oztiirk et al. (2016), TA was
calculated in terms of malic acid. Vitamin C was
determined using a reflectometer set (Merck RQflex
plus 10, Germany).

2.2.3. Biochemical characteristics

To determine the total phenolics in the study, 600 ul
of fresh fruit extract from each sample was diluted with
4.2 ml of distilled water. After adding 100 pl of Folin-
Ciocalteu's reagent and 300 pl of 2% sodium carbonate
(Na2CQO3), the prepared solution was incubated for 30
minutes. Then, it was measured at 760 nm in a UV-Vis
spectrophotometer (Shimadzu, Kyoto, Japan), and the
results were calculated in gallic acid (mg GAE 100 g’!
fw) (Aglar et al., 2019). To determine the total flavonoid
content, 500 pl of the extract from each sample was
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diluted with 3.8 ml of methanol and 100 pl of
ammonium acetate (C>H7NOz). Then 100 pl of
ammonium nitrate (NH4sNO3) was added. After the
prepared solution was incubated for 40 minutes, it was
measured at 415 nm, and the results were presented as
quercetin equivalents (mg QE 100 g! fw) (Chang, et al.,
2002). The antioxidant activity was determined
according to two different procedures of 2,2-diphenyl-
1-picryl-hydrazyl-hydrate (DPPH) (Blois, 1958), and
Ferric Tons (Fe™®) Reducing Antioxidant Power (FRAP)
(Benzie & Strain, 1996), and the results were expressed
in umol Trolox equivalent (TE) kg™ fw.

2.4. Statistical Analysis

The data obtained from the experiment were
analyzed in the JMP 16.0 software, and the ‘Tukey
Multiple Comparison Test’ (p<0.05) was used to
compare the differences between the means. Principal
components and biplot graphs were constituted using
fruit physical and color characteristics, and biochemical
content determined in the rootstock/cultivar
combinations investigated.

3. Results and Discussion

In the study, the fruit weight and fruit firmness varied
between 185.40 g (Mondial Gala/M9)-284.03 g (Scarlet
Spur/MM 106) and 69.73 N (Galaxy Gala/MM 106)-
84.47 N (Granny Smith/M9), respectively (Table 1). The
differences between the cultivars in fruit weight and
fruit firmness were found to be statistically significant
(p<0.05). Fruit weight and fruit firmness were important
criteria in terms of commercial value in apples. The
highest fruit weight was obtained in Scarlet Spur/MM
106 cultivar in the study, followed by Red Chief/M9 and
Granny Smith/M9 cultivars. In terms of fruit firmness,
the highest values were obtained from Granny
Smith/M9, Granny Smith/MM 106, and Fuji/MM 106

cultivars. In a study carried out in Carsamba (Samsun)
ecological conditions, it was reported that the highest
fruit weight and firmness were obtained from the
Granny Smith cultivar as 187.7 g and 86.11 N,
respectively (Balta et al., 2020). Oztiirk et al. (2016), in
their study conducted in Ordu province, reported the
fruit weight was between 136.2 (Red Chief)-207.1 g,
and the fruit firmness was between 63.43 (Mondial
Gala)-82.83 N (Red Chief). In the measurements
performed for fruit size, the fruit width of the cultivars
was between 70.22 (Mondial Gala/M9)-82.52 mm (Red
Chief/MM 106), the fruit thickness was between 63.02
(Mondial Gala/M9)-89.37 mm (Scarlet Spur/MM 106),
and the fruit length was between 64.30 (Mondial
Gala/M9)-74.83 mm (Granny Smith/M9) (Table 2). The
differences between the cultivars in fruit size values
were found to be statistically significant (p<0.05). In
previous studies, the dimensional fruit characteristics
have been reported; in the study carried out in Nigde
conditions, fruit width was 70.09 (Galaxy Gala/M9)-
75.86 mm (Granny Smith/M9), fruit length was 57.55
(Mondial Gala/M9)-66.68 mm (Granny Smith/M9)
Ceylan (2008); in a study conducted in Ordu province,
fruit width was 67.41 (Red Chief) - 77.60 mm (Granny
Smith), fruit length was 58.65 (Red Chief) - 69.07 mm
(Granny Smith) (Oztiirk et al., 2016); in Carsamba
region, fruit width was 70.74 (Royal Gala)-74.34 mm
(Granny Smith), fruit width was 72.67 (Royal Gala)-
76.91 mm (Granny Smith) and fruit length was 62.29
(Royal Gala)-65.90 mm (Granny Smith) (Balta et al.,
2020). It has been observed that the cultivars examined
in terms of fruit weight have relatively higher values
than other studies, and they have similarities in fruit
firmness and fruit size. It is thought that the observed
factors,
cultivar/rootstock differences and cultural practices.

differences may be due to ecological

Table 1. Fruit weight and firmness values of apple cultivars grafted on M9 and MM 106 clonal rootstocks
Cizelge 1. M9 ve MM 106 klon anaglart iizerine asili elma ¢esitlerinin meyve agirligi ve sertlik degerleri

Fruit weight (g)

Fruit firmness (N/mm)

Cultivar/Rootstock

2017 2018 Mean 2017 2018 Mean
Mondial Gala/M9 184.14 186.66 185.40 ¢ 79.99 63.46 71.72¢c
Jeromine/M9 175.30 271.95 223.63 bc 80.07 67.94 74.01c
Granny Smith/M9 196.21 282.22 239.21 abc 87.57 81.38 84.47 a
Granny Smith/MM 106 165.84 234.22 200.03 bc 87.68 80.92 84.30 a
Fuji/MM 106 nd* 205.81 205.81 bc nd 83.06 83.06 ab
Galaxy Gala/MM 106 nd 197.87 197.87 bc nd 69.73 69.73 c
Red Chief/MM 106 nd 250.14 250.14 ab nd 71.84 7184 c
Scarlet Spur/MM 106 nd 284.03 284.03 a nd 69.80 69.80 ¢

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).
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Table 2. Fruit width, thickness and length of apple cultivars grafted on M9 and MM 106 clonal rootstocks
Cizelge 2. M9 ve MM 106 klon anaglart iizerine asili elma ¢esitlerinin meyve eni, kalinligi ve boyu

Fruit width (mm)

Fruit thickness (mm) Fruit length (mm)

Cultivar/Rootstock

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean

Mondial Gala/M9 66.13 7431 70.22b 60.80  65.25 63.02 e 55.56 73.05 64.30 b
Jeromine/M9 7484  83.58 79.21a 68.91 88.61 78.76 bc 62.49 74.10 68.30 ab
Granny Smith/M9 75.51 84.20 79.85a 74.29 87.60 80.94 abc 70.60 79.06 74.83 b
Granny Smith/MM 106 76.02 82.79 79.40 a 73.59 80.21 76.90 be 70.76 72.86 71.81ab
Fuji/MM 106 nd* 79.07 79.07 a nd 65.67 70.24 cd nd 64.47 64.47 b
Galaxy Gala/MM 106 nd 76.67 76.67 ab nd 65.67 65.67 de nd 74.94 7494 a
Red Chief/MM 106 nd 82.52 82.52 a nd 85.79 85.79 ab nd 68.90 68.90 ab
Scarlet Spur/MM 106 nd 78.98 78.98 a nd 89.37 89.37a nd 74.71 7471 a

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).

Table 3. L*, a*, b* values of apple cultivars grafted on M9 and MM 106 clonal rootstocks

Cizelge 3. M9 ve MM 106 klon anaglari iizerine asuli elma gesitlerinin L*, a*, b* degerleri

. L* a* b*

Cultivar/Rootstock 2017 2018 Mean 2017 2018 Mean 2017 _ 2018 Mean
Mondial Gala/M9 56.92  56.56 56.74 a 23.89 23.31 23.60 ab 28.17 25.73 26.95c¢c
Jeromine/M9 32.15 37.69 34.92d 18.63 21.18 1991b 8.78 13.83 11.31e
Granny Smith/M9 54.03  60.07 57.05a -18.98 2.84 -8.07d 38.20 30.43 34.31b
Granny Smith/MM 106 55.72 60.84 58.28 a -19.46 -59.77 -19.69 e 40.03 41.45 40.74 a
Fuji/MM 106 nd 61.46 61.46 a nd 3.57 357¢c nd 30.89 30.89 bc
Galaxy Gala/MM 106 nd 50.65 50.65 b nd 30.35 30.35a nd 26.44 26.44 c
Red Chief/MM 106 nd 44.23 4423 ¢ nd 21.28 21.28b nd 21.13 21.13d
Scarlet Spur/MM 106 nd 40.68 40.68 cd nd 21.90 21.90 ab nd 18.89 18.89d

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).

Table 4. Chroma and hue angle of apple cultivars grafted on M9 and MM 106 clonal rootstocks

Cizelge 4. M9 ve MM 106 klon anaglart iizerine asili elma ¢esitlerinin chroma ve hue agist

. Chroma Hue Angle

Cultivar/Rootstock 2017 2018 Mean 2017 2018 Mean
Mondial Gala/M9 40.89 35.39 38.14b 52.37 49.32 50.85 d
Jeromine/M9 20.72 25.35 23.03¢e 24.77 33.05 2891e
Granny Smith/M9 42.67 30.71 36.69 bc 116.42 84.45 100.43 b
Granny Smith/MM 106 44,53 45.99 45.26 a 115.96 115.67 11581 a
Fuji/MM 106 nd 31.50 31.50 cd nd 83.00 83.00c
Galaxy Gala/MM 106 nd 40.90 40.90 ab nd 41.36 41.36 de
Red Chief/MM 106 nd 30.21 30.21d nd 44.93 44.93d
Scarlet Spur/MM 106 nd 29.36 29.36d nd 40.41 40.41 de

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).

The differences between the cultivars in fruit color
characteristics were found to be statistically significant
(p<0.05). In the measurements to determine the fruit
color, the L* wvalue was found between 34.92
(Jeromine/M9)-61.46 (Fuji/MM 106), a* value was
found between -19.69 (Granny Smith/MM 106)-30.35
(Galaxy Gala/MM 106), b* value was found between
11.31 (Jeromine/M9)-40.74 (Granny Smith/MM 106),
C* was found between 23.03 (Jeromine/M9)-40.90
(Galaxy Gala/MM 106), and hue angle was found
between 2891  (Jeromine/M9)-115.81  (Granny
Smith/MM 106) (Table 3, Table 4). Fruit color is one of
the main features that directly affect consumer
preference. The L* value represents the brightness of the
fruit color. In the study, the brightest varieties of fruit
skin were Fuji/MM 106, Granny Smith/MM 106,
Granny Smith/M9 and Mondial Gala/M9. The a* value

indicates the red-green color of the fruit. In this context,
Galaxy Gala/MM 106, Mondial Gala/M9 and Scarlet
Spur/MM 106 cultivars were the most red-colored,
while Granny Smith/MM 106 and Granny Smith/M9
had green-colored fruit. The chroma value (C*) refers to
the saturation of the color and defines the vividness or
dullness of the color (Uzun & Ozturk, 2020). The
cultivars with the highest C* value in the study were
Granny Smith/MM 106 and Galaxy Gala/MM 106
cultivars. When the hue angle values were examined, it
was seen that the hue angle values of the red-colored
cultivars (Mondial Gala, Jeromine, Fuji, Galaxy Gala,
Red Chief, Scarlet Spur) were lower than the green-
colored Granny Smith cultivar combinations. Similarly,
Ozturk & Ozturk (2016) reported that the hue angle was
lower in red varieties than in varieties such as Granny
Smith and Golden Delicious.
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Table 5. Soluble solids content and titratable acidity values of apple cultivars grafted on M9 and MM 106 clonal

rootstocks

Cizelge 5. M9 ve MM 106 klon anaglari iizerine asuli elma ¢egitlerinin suda ¢oziinebilir kuru madde igerigi ve titre

edilebilir asitlik degerleri

. SSC % TA, % malic acid
Cultivar/Rootstock 2017 2018 Mean 2017 2018 Mean
Mondial Gala/M9 13.53 11.57 1255b 0.39 0.31 0.35cd
Jeromine/M9 12.23 12.47 12.35b 0.69 0.34 0.52¢
Granny Smith/M9 12.10 12.37 12.23 b 1.46 1.13 1.29a
Granny Smith/MM 106 13.28 11.03 12.16 b 1.24 0.85 1.05b
Fuji/MM 106 nd 14.27 14.27 a nd 0.39 0.39 cd
Galaxy Gala/MM 106 nd 11.77 11.77b nd 0.32 0.32 cd
Red Chief/MM 106 nd 11.87 11.87b nd 0.24 0.24d
Scarlet Spur/MM 106 nd 8.29 8.29¢c nd 0.25 0.25d

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).
Table 6. pH and vitamin C of apple cultivars grafted on M9 and MM 106 clonal rootstocks
Cizelge 6. M9 ve MM 106 klon anaglari iizerine asili elma ¢esitlerinin pH ve C vitamini

. pH Vitamin C mg 100 g*
Cultivar/Rootstock 2017 2018 Mean 2017 2018 Mean
Mondial Gala/M9 4.29 3.96 412b 93.00 69.33 81.17 cd
Jeromine/M9 4.59 4.36 4.48a 66.33 68.00 67.17 ef
Granny Smith/M9 3.96 3.53 3.75¢ 102.00 122.67 112.33a
Granny Smith/MM 106 4.01 3.70 3.86¢C 97.50 97.00 97.25b
Fuji/MM 106 nd 3.98 3.98 bc nd 78.67 78.67 de
Galaxy Gala/MM 106 nd 3.99 3.99 be nd 76.00 76.00 de
Red Chief/MM 106 nd 4.23 4.23 ab nd 92.00 92.00bc
Scarlet Spur/MM 106 nd 4.48 448 a nd 58.00 58.00 f

*nd, non-defined. The difference between the means with the same letter in the same column is not significant (p<0.05).

Chemical properties are among the most important
factors affecting the taste formation of products. In
addition, it is stated that the products contribute to issues
such as tolerance to stress factors and post-harvest
physiology (Eskimez et al., 2020). Therefore, it is
important to identify these features. Soluble solids
content and titratable acidity values determined in
cultivars are presented in Table 5, pH and vitamin C
values are shown in Table 6.

The differences between the cultivars in SSC, TA,
pH content, and Vitamin C were found to be statistically
significant (p<0.05). Additionally, the SSC content was
between 8.29% (Scarlett Spur/MM 106)-14.27%
(Fuji/MM 106); TA content was between 0.24% (Red
Chief/MM 106)-1.29% (Granny Smith/M9); pH content
was between 3.75 (Granny Smith/M9)-4.48
(Jeromine/M9, Scarlet Spur/MM 106); and Vitamin C
was between 58.00 mg (Scarlet Spur/MM 106)-112.33
mg (Granny Smith/M9). Accordingly, the cultivars with
the highest vitamin C content were determined as
Granny Smith/M9, Granny Smith/MM 106, Red
Chief/MM 106, and Mondial Gala/M9, respectively. In
previous studies, SSC, TA, and pH were reported; in
Goriikle conditions, SSC 12.9-15.8%, TA content 0.25-
0.96%, pH 3.15-4.04 (Soylu et al., 2003); in Ordu
conditions, SSC 9.13-11.25%, TA content is 0.27-
0.67%, pH 3.23-3.82 (Oztiirk et al., 2016); in Hatay

conditions, SSC 11.38-14.83%, TA content 0.49-1.27%,
pH 3.14-3.67, (Bayazit & Caliskan, 2017). Accordingly,
the SSC, pH, and TA contents of the cultivars examined
in the study were compatible with the literature.

The differences between
phenolics, total flavonoids,

the cultivars in total
and total antioxidant
capacity were found to be statistically significant
(p<0.05). The total phenolics content in the cultivars
varied between 102.88 mg 100 g! (Galaxy Gala/MM
106)-347.62 mg 100 g!' (Red Chief/MM 106), the total
flavonoid content between 20.31 mg 100 g-' (Mondial
Gala/M9)-186.97 mg 100 g! (Granny Smith/MM 106),
and the total antioxidant activity varied between 980.2
umol kg (Fuji/MM 106)-2298.9 umol kg' (Red
Chief/MM 106) according to the DPPH test and between
2025.7 umol kg! (Galaxy Gala/MM 106)-8214.0 pmol
kg! (Mondial Gala/M9) according to the FRAP test
(Table 7). Many studies determined apples' phenolic
compound, total flavonoid, and antioxidant activity
(Candrawinata et al., 2014; Kammarer et al., 2007;
Marinova et al., 2005; Oztiirk et al., 2016; Yue et al.,
2012). Apples are known as an essential source of
natural antioxidants thanks to vitamin C, flavonoids, and
phenolic compounds found in their structure (Gonzalez-
Aguilar et al., 2008). Depending on these properties,
when consumed regularly, it can help prevent some
chronic diseases such as asthma, diabetes, and diseases
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such as heart diseases and cancer, and protect human
health (Boyer & Liu, 2004). In the study, the highest
values regarding total phenolics were determined in Red
Chief/MM 106, Granny Smith/MM 106, Mondial
Gala/M9, and Granny Smith/M9 combinations,
respectively. The highest values in terms of total
flavonoids were determined in Granny Smith/MM 106,
Granny Smith/M9, Galaxy Gala/MM 106, and
Jeromine/M9 combinations. Butkeviciute et al. (2022)

reported that proper matching of cultivar-rootstock
combinations influenced the production of antioxidant-
rich, high-quality, and nutritious fruits. According to the
DPPH assay, the highest total antioxidant activity was
found in Red Chief/MM106, Jeromine/M9, Mondial
Gala/M9, and Granny Smith/M9 combinations,
respectively; it was determined in Mondial Gala/M9,
Red Chief/MM106, Granny Smith/M9, and
Jeromine/M9 combinations according to FRAP assay.

Table 7. Total phenolics, total flavonoids and antioxidant activity of apple cultivars grafted on M9 and MM 106

clonal rootstocks

Cizelge 7. M9 ve MM 106 klon anaglartiizerine asili elma ¢egitlerinin toplam fenol, toplam flavonoid ve antioksidan

aktivitesi

Total phenolics

Total antioxidant activity

Total flavonoids

Cultivar/Rootstock 0 ot DPPH FRAP
(mg 100g7) (mg 100 g*) (umol ke'!) (umol ke'!)

Mondial Gala/M9 286.08 bc 20.31f 1771.0b 8242.0a
Jeromine/M9 252.02 de 108.12d 2159.5a 6713.0c
Granny Smith/M9 270.74 cd 148.52 b 1688.7 hc 7854.0 ab
Granny Smith/MM 106 301.30 b 186.97 a 1413.2d 7501.0 b
Fuji/MM 106 229.35¢e 99.24d 980.2 e 37505 e
Galaxy Gala/MM 106 102.88 g 13181 ¢ 1440.3d 2025.7 f
Red Chief/MM 106 347.62 a 104.18 d 22989 a 8072.0 ab
Scarlet Spur/MM 106 176.13 f 79.01e 1540.6 cd 4620.2d

The difference between the means with the same letter in the same column is not significant (p<0.05).

4 Fruit thickness
Fruitiwidth
Fruit weight
Granny Smith/M9
5 Red Chief/MM106 frap  Otal phenolics
DPPH _ Fruit length Vitamin C
Firmness
Scarlet Spur/MM106 Hue angle
< Granny Smith/MM106
i Jeromine/M9 Y i
0
o
@]
[
*
Fuji/MM106 Chroma
SSC Total flavonoids
-2 a*
Galaxy Gala/MM106 Mondial Gala/M9
-4
-4 -2 0 2 4

PC1 (45.1 %)

Figure 1. Component plot of the two-principal component in the investigated apple cultivars based on fruit

properties and bioactive compounds

Sekil 1. Meyve ozellikleri ve biyoaktif bilesiklere bagh olarak incelenen elma ¢egsitlerinde iki temel bilesenin bilesen

grafigi
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As a result of principal component analysis, four
components with an eigenvalue above one was
formed. The first three components formed
explained 82.1% of the data. PC 1 was associated
with SSC, TA, vitamin C, pH, firmness, L*, a*, b*,
chroma, hue angle, and total flavonoids, accounting
for 45.1% of the data. PC 2, explaining 21.5% of the
data, was related to fruit weight, fruit width, and fruit
thickness. PC 3 is related to fruit length, total
phenolics, and antioxidant activity (according to
DPPH and FRAP) and explained 15.5% of the data
(Figure 1).

4. Conclusion

The study showed that Mondial Gala, Jeromine, and
Granny Smith cultivars grafted on M9 rootstock and
Granny Smith, Fuji, Galaxy Gala, Red Chief, and
Scarlet Spur apple cultivars grafted on MM 106
rootstock gave successful results in Ordu province
ecology in terms of fruit characteristics. Fruit weight,
which significantly affects consumer preference,
was found to have the highest values in Scarlet
Spur/MM 106, Red Chief/MM 106, and Granny
Smith/M9 combinations; and fruit firmness was
found to have the highest values in Granny
Smith/M9, Granny Smith/MM 106, and Fuji/MM
106 combinations. In terms of bioactive properties
that positively affect human health, it can be said that
total phenolics stand out in the Red Chief/MM 106
combination and total flavonoids in the Granny
Smith/MM 106 combination. In addition, it was
determined that the antioxidant activity gave better
results in Red Chief/MM 106 and Jeromine/M9
combinations according to the DPPH assay, and in
Mondial Gala/M9, Red Chief/MM 106 and Granny
Smith/M9 combinations according to the FRAP
assay compared to other cultivars. Accordingly, it is
thought that the findings obtained from the study are
promising, and it will be helpful to examine the
performances of these cultivars in the local ecology
for a long time.
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Abstract: Thrips (Thysanoptera) species in pepper fields was determined in Tokat province, Tiirkiye in 2021-2022. The density of
thrips began to rise once the leaves emerged in late May, and the collection of thrips species started in June to October. In order to
determine the thrips species common in the region, 25 flowers from a total of 25 plants randomly selected in the pepper field during
each sampling period were taken into falcon tubes containing 60% ethyl alcohol. At the same time, the flowers and leaves of 25
plants, representing the field, were shaken onto white paper and the thrips were taken into 1.5 ml eppendorf tubes containing 60%
ethyl alcohol with the help of a sable-tipped brush. In order to determine the common thrips species in the region, the flowers and
leaves of 25 randomly selected plants in the pepper field in each sampling period were shaken on the white paper and the thrips were
taken into 1.5 ml eppendorf tubes with the help of a sable-tipped brush. The assessment encompassed various thrips families
belonging to the order Thysanoptera, specifically Thripidae, Aeolothripidae, and Phlaeothripidae. A total of 7 Thysanoptera species
were identified in this study. The species were Frankliniella occidentalis (Pergande, 1895), Thrips tabaci (Lindeman, 1889), Thrips
meridionalis (Priesner 1926) and Chirothrips manicatus (Haliday, 1836) in Thripidae family, and Aeolothrips intermedius (Bagnall,
1934) and Aeolothrips fasciatus (Linnaeus, 1758) in Aeolothripidae family, and Haplothrips aculeatus (Fabricius, 1803) in
Phlaeothripidae family. Both adult and larval thrips were gathered from the flowers, with a significant abundance of larval thrips
noted towards the end of June. In this study, the dominant species was F. occidentalis in pepper fields in Tokat province.

Keywords: Pepper , thrips, Thripidae, Aeolothripidae, Phlaeothripidae, Tirkiye

Tiirkiye’de Tokat ilinde Biber Alanlarinda Gériilen Thrips (Insecta: Thysanoptera) Tiirleri

Oz: Tiirkiye'nin Tokat ili 2021-2022 yillarinda biber tarlalarinda Thrips (Thysanoptera) tiirleri tespit edilmistir. May1s ay1 sonlarinda
yapraklarin ortaya ¢ikmasiyla birlikte thrips yogunlugu artmaya baslamis ve thrips tiirlerinin toplanmasi Haziran-Ekim aylar
arasinda yapilmigtir. Yorede yaygin olan trips tiirlerinin belirlenmesi amaciyla her 6rnekleme déneminde biber tarlasinda rastgele
secilen toplam 25 bitkiden 25 ¢icek%60°lik etil alkol igeren falkon tiiplerine alinmistir. Ayni1 zamanda tarlay1 temsil edecek sekilde
25 bitkinin ¢igek ve yarpaklari beyaz kagidin tizerine silkelenerek tripsler samur uglu firga yardimiyla 1,5 ml’lik efendorf tiiplerine
alinmustir. Thysanoptera takimina ait Thripidae, Aeolothripidae ve Phlaeothripidae familyalarina ait 7 tiir tespit edilmistir. Ttirler,
Thripidae familyasindan Frankliniella occidentalis (Pergande, 1895), Thrips tabaci (Lindeman, 1889), Thrips meridionalis (Priesner
1926), Chirothrips manicatus (Haliday, 1836), Aeolothrips intermedius (Bagnall, 1934) ve Aeolothripidac familyasindan
Aeolothrips fasciatus (Linnaeus 1758) ve Phlaeothripidae familyasindan Haplothrips aculeatus (Fabricius, 1803) tespit edilmistir.
Cigeklerden hem ergin ve hemde larvalar toplanmigtir. Bu ¢alismada Tokat ili biber alanlarinda ana tiiriin F. occidentalis oldugu
ortaya konulmustur.

Anahtar kelimeler: Biber , thrips, Thripidae, Aeolothripidae, Phlaeothripidae , Tiirkiye

1. Introduction

Tiirkiye is a major producer of pepper, according to
(2021) statistics, global pepper production reached
42.137.899 tons, with Tirkiye ranking as the second-
largest producer after Mexico, while the United States
stood third (FAO, 2020). In 2021, Tirkiye produced a
total of 36.286.643 tons of pepper (FAO, 2023). Pepper

production faces various pests, including aphids, flea
beetles, pepper maggots, thrips, and European corn borers,
all of which can cause substantial damage to the crops,
additionally, several diseases. Thrips are a significant pest
for horticultural crops globally as they can damage many
crops and spread various plant viruses. Thrips has a
slender and elongated body, measuring approximately 1-
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2.5 mm or less in length, they have two pairs of fringed
wings and exhibit a pale yellow to light brown
colouration, generally adult females are larger than adult
males, thrips are classified in the insect order
Thysanoptera (Palmer et al., 1989). Thrips have the
potential to affect both the quantity and quality of flower
production in both greenhouse and field-grown plants,
both larvae and adults cause damage by sucking plant sap
from buds, flowers, and leaves, leading to distorted and
discolored plant parts that exhibit gray or silver scars, in
the damaged areas of the plant become filled with air,
resulting in a silvery appearance with black spots (Bethke
and Bates, 2013). Thrips have the ability to transmit
various viruses, such as the tomato spotted wilt virus
(TSWV) (Flint, 1998). Thrips species such as Thrips
tabaci (Lindeman, 1889) and Frankliniella occidentalis
(Pergande, 1895) can result in stippled and scarred petals,
leaves, and other plant parts, leading to distorted
terminals. These thrips are also significant carriers of
TSW viruses, the life cycle of thrips encompasses an egg
stage, two larval stages, a prepupal stage, a pupal stage,
and an adult stage. The prepupal and pupal stages occur in
protected locations or in the soil, thrips thrive better on
flowering plants like sweet peppers compared to non-
flowering plants (Hoddle etal., 2008). Frankliniella
occidentalis and T. tabaci becomes active during the onset
of spring and deposits its eggs on plant tissue.
(Anonymous, 2002). Several studies were conducted to
determine the thrips composition in tomato and pepper
(Ssemwogerere et al., 2013), citrus species (Atakan, et al.,
2016; Atakan, et al., 2021; Atakan and Pehlivan, 2021),
fruit species (Hazir et al., 2011; Atakan, 2008), and winter
vegetable (Atakan, 2008). In the study conducted by
Ssemwogerere et al. (2013) a total of six thrips species
(Frankliniella occidentalis, Thrips tabaci, F. schultzei,
Scirtothrips  dorsalis,  Ceratothrips  ericae  and
Megalurothrips sjostedti) determined in tomato field in
Uganda and in pepper fields, beside these species F.
schultzei was found. In the study performed in Adana,
Tiirkiye, F. occidentalis, T. tabaci, and Thrips hawaiiensis
were determined as a common species on citrus species
(Atakan and Pehlivan, 2021). Based on the literature
review, there are no studies on thrips compositions of
pepper in Tirkiye. So present study was conducted to
determine the thrips species in pepper production areas of
Tokat province, Tiirkiye.
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2. Materials and Methods

The materials used in this study for thrips collection
included a white paper, a fine brush petri dishes, plastic
tubes and methanol.

Thrips species were sampled in pepper fields in the
province of Tokat, Tirkiye. Thrips individuals were
collected from the districts in the pepper production areas
during the years 2021-2022. Sampling was carried out in
different districts including Tokat Centre, Erbaa, Turhal,
Pazar and Niksar. In each sampling field, 25 plant leaves
and flowers were carefully collected and transferred into
50 ml falcon tubes with 60% ethyl alcohol solution from
randomly selected pepper plants in the pepper field. At the
same time, the flowers and leaves of 25 plants,
representing the field, were shaken onto white paper and
the thrips were taken into 1.5 ml ephendorf tubes
containing 60% ethyl alcohol with the help of a sable-
tipped brush. In each sampling field we also sampled
Solaneaceae family weed host plants for thrips. In pepper
field areas especially Solanum nigrum L. is a common
weed in pepper field areas. We sampled 25 S. nigrum
flowers from each field. The flower samples were
transported to the laboratory and thrips were placed in
glass petri dishes for examination, to identify thrips
species in pepper production areas of Tokat Province,
Tiirkiye. They were observed using a stereomicroscope,
thrips specimens, which were kept in AGA liquid (9 parts
ethyl alcohol, 1-part glacial acetic acid, 1-part glycerin)
for 2 days after collection and then taken in alcohol (60%
ethyl alcohol), were kept in 10% NAOH liquid on the hot
plate at 47°C for approximately 1 hour until a slight color
change occurred in the individuals. Then, this liquid was
allowed to enter the thrips body, and the body contents
were cleaned by the very fine needle. After the samples
were kept in 96% ethanol for 5 minutes, they were taken
to Hoyer medium and microscope slides were made.
Thysanoptera species were identified by Prof. Dr. Ekrem
ATAKAN (Cukurova University, Faculty of Agriculture,
Department of Plant Protection, Adana, Tiirkiye).

3. Results and Discussion

Thrips survey was carried out for two years, adults and
larvae of thrips individuals belonging to the order
Thysanoptera were collected from Tokat Province and its
districts, Three different families of order Thysanoptera
were found namely: Thripidae, Aeolothripidae and
Phlaeothripidae. In (Tablel) the determined thrips species
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were given in family: Thripidae, Frankliniella
occidentalis (Pergande, 1895), Thrips tabaci (Lindeman,
1889), Thrips meridionalis (Priesner, 1926) and
Chirothrips manicatus (Haliday, 1836). In family
Aeolothripidae were determined Aeolothrips intermedius
(Bagnall, 1934) and Aeolothrips fasciatus (Linnaeus,
1758). In family Phlaeothripidae was determined
Haplothrips aculeatus (Fabricius, 1803), the biggest
group of thrips species belongs to the suborder Thripinae
(Table 1).

In this study, 7 thrips species from three different
families were found. The species are listed with their
abundance (total numbers of individuals collected for a
given species) in Table 2. While the major species were
from the family Thripidae, the thrips were dominated by
F.occidentalis, comprising (73.22%) of the total
individuals. The percentages of T.meridionalis and C.
manicatuswere (0.1%). The total number of H.
aculeatuswith (0.2) individuals. There were no individuals
of thrips belonging to A. fasciatus in 2021. This result
agreed with (Deligeorgidis et al., 2005). They mentioned
that the population of F. occidentalis and T. tabaci feeding
on various types of vegetables from April to August or
September, varied with the seasons. Frankliniella
occidentalis species were identified in various locations,
including the central area of Tokat, Erbaa, Niksar, Pazar,
and Turhal. The samples collected indicated variations in
population density.

In Table (2), the number of larvae and adult individuals
(males and females) of F. occidentalis is presented. The
largest samples of individuals were collected in the central
area of Tokat, with a total of 209 53 in 2021, and 189
78 in 2022. The lowest number of individuals was
collected in Pazar with 29 in 2021, also in Turhal founded
3Q in 2023.This result agreed with (Kirk and Terry,
2003). Who mentioned that the western flower thrips (F.
occidentalis) is a native of western North America,

greenhouse pest in the U.S and capable present in Asia.
The dominant species was F. occidentalis in pepper fields
in Tokat Province. This result agreed with (Ertiirk, 2018),
who mentioned that the F. occidentalis which is an
important pest in tomato and green pepper growing areas
in Turkiye, the trials were conducted in Mersin, due to
infestations of F. occidentalis damaging the export
quality of tomatoes and green peppers.

Table (3) shows the data for individual T. tabaci, the
results indicate that the highest numbers of males and
females were found in the center, with approximately 219
94 in 2021, and in Erbaa, with 14217 in 2021. However,
the lowest number of individuals was observed in Pazar
with 19 in 2022. This result agreed with (Atakan, 2008).
Who mentioned that F. occidentalis and T. tabaci are
dominant species in vegetable crops in Tiirkiye. They
have been recorded in winter vegetables in the Cukurova
region, the most thrips were collected from flowers or
heads of vegetables in early spring.

The species T. meridionalis was observed in very low
numbers, as indicated in (Table 4), only one female was
observed in Pazar in 2021, suggesting that the species was
not abundant there. This result agree with results of Aydin,
(2020). In that study, the species T. meridionalis,
belonging to the family Thripidae, was examined in three
different orchards in the province of Isparta/ Tiirkiye, the
selected orchards featured apple, cherry, and walnut trees,
the active period for T. meridionalis was found to be
between March 15" and April 1%, indicating that this
variety appears for only a short period. In contrast Kaplan
et al. (2016) found that T. meridionalis was an infrequent
species (0.8%) in Mardin Province, Tiirkiye. However, T.
meridionalis were observed in large numbers even though
it seems to be active only short time in each year. This
could be related to the seasonal blooming of its host plants
and other environmental conditions (Alford 2007).

Table 1. Thrips species individuals and family in pepper fields of Tokat province in 2021-2022
Cizelge 1. 2021-2022 yilinda Tokat ilinde biber alanlarinda bulunan trips familyalar: ve tiirleri

Family Thrips species 2021 2022 Total Percent %)
Thripidae F. occidentalis (Pergande, 1895) 141 127 268 73.22
Thrips tabaci (Lindeman, 1889) 61 18 79 21.58
Thrips meridionalis (Priesner, 1926) 1 0 1 0.27
Chirothrips manicatus (Haliday, 1836) 0 1 1 0.27
Aeolothripidae Aeolothrips intermedius (Bagnall, 1934) 3 0 3 0.82
Aeolothrips fasciatus (Linnaeus, 1758) 0 12 12 3.28
Plaeothripidae Haplothrips aculeatus (Fabricius, 1803) 0 2 2 0.55
Total 206 160 366 100.00
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Table 2. Surveying results of Frankliniella occidentalis in the pepper fields of Tokat Province
Cizelge 2. Tokat ilinde biber alanlarinda bulunan Frankliniella occidentalis in dagilimi

Number of sample Region  Province/ District Coordinates Altitude  Day-Month- year No. of individual
North East (meters)
1 Tokat  Center 40°5724  37°397217" 610 20.07.2021 209 53
2 Tokat  Center 405524 373921 610 15.08.2022 189 78
3 Tokat  Gumenek 404224 3632721 201 15.09.2021 19 58
4 Erbaa  Kalekdyii 40°%4°55"  36°31722"" 208 04.08.2022 3934
5 Erbaa Karaagag 40°357317  36%55°47" 317 04.08.2022 49 33
6 Erbaa Kizilcubuk 4040739 36°32°49" 192 30.09.2021 5Q
7 Erbaa Kizilcubuk 40°447317  36°35724" 189 04.08.2022 49
8 Erbaa Kizilkdyii 402135 36%38722"" 628 04.08.2022 89 24
9 Erbaa Kizilkoyii 402233 36%40°59" 624 04.08.2022 189 43
10 Erbaa  Kizilkdyii 4022217 36%1720" 625 04.08.2022 7918
11 Erbaa  Tebe kish 40°02724" 3632739 201 30.09.2021 52 18
12 Erbaa  Tebe kish 40041 Y. 384 36032'19” 199 30.09.2021 5213 3l
13 Erbaa  Tepe kisla 40%40°4  36°38°21" 220 04.08.2022 62 1l
14 Erbaa  Tosunlar 20%3426”  36°5450"" 296 30.09.2021 149 13 71
15 Erbaa  Tosunlar 40%44°52 362587 134 30.09.2021 29
16 Erbaa  Tosunlar 240°%128°  36°32°19" 199 30.09.2021 29 11
17 Niksar Hamidiye 203529 36°56°10" 277 30.09.2021 59 3l
18 Niksar Hayderbey 40°33°57  36°54°27" 500 04.08.2022 69 24 11
19 Niksar ~ Sahinli 40°3529”  36°56’10" 277 30.09.2021 89 13 18l
20 Pazar  Center 20°14'88"°  36°12°07" 553 15.09.2021 82 243 2
21 Pazar  Center 40°167327  40°16734" 561 11.11.2022 2918
22 Pazar  Kopriibasi 20°17°127 3621778 554 15.09.2021 29013
23 Pazar  Ovayurt 40°18740°  36°14'59" 539 11.11.2022 49 13
24 Pazar  Uziimdren 40°16'50"  36°10'59" 537 11.11.2022 89
25 Pazar  Center 2021735 36°38'59" 569 15.09.2021 29
26 Pazar  Center 20°16'56”  36°18°19" 549 15.09.2021 29
27 Turhal Dokmetepe 40°18°19  36°18°4" 549 11.11.2022 79 63
28 Turhal Kat 2021357 36°38'59" 569 15.09.2021 393l
29 Turhal  Kat 402135 36%38°31" 636 15.09.2021 39
*(I) Letter indicated to the larvae number.
Table 3. Thrips tabaci survey in the pepper fields of Tokat Province
Cizelge 3. Tokat ilinde biber alanlarmda bulunan Thrips tabaci’nin dagilimi
Number Region Province/ District Coordinated Altitude Day-Month- No. of species
of sample North East (meters) year
1 Tokat Center 20°55724"" 37%3921" 610 15.08.2021 219 98
2 Erbaa Kale 20%40°16"" 36%38°19" 224 30.09.2021 89
3 Erbaa Kizilkoyt 40°227147" 36°341721" 632 04.08.2022 2918
4 Erbaa Tosunlar 20%40722" 362917 193 30.09.2021 14918
5 Pazar Center 20°16'59"" 36°1723" 553 15.09.2021 1271
6 Pazar Center 20°16"7" 36%74°9" 545 04.08.2022 59
7 Pazar Ovayurtkdyii 40°16°58"" 36°1272" 540 04.08.2022 69
8 Pazar Uziiméren 20°16°50"" 36°10'59" 537 04.08.2022 19
9 Turhal Dokmetepe 40°18723"" 36°17°37" 555 11.11.2022 39
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The species T. meridionalis was observed in very low
numbers, as indicated in (Table 4), only one female was
observed in Pazar in 2021, suggesting that the species was
not abundant there. This result agree with results of Aydin,
(2020). In that study, the species T. meridionalis,
belonging to the family Thripidae, was examined in three
different orchards in the province of Isparta/ Tiirkiye, the
selected orchards featured apple, cherry, and walnut trees,
the active period for T. meridionalis was found to be
between March 15" and April 1%, indicating that this
variety appears for only a short period. In contrast Kaplan
et al. (2016) found that T. meridionalis was an infrequent
species (0.8%) in Mardin Province, Tirkiye. However, T.
meridionalis were observed in large numbers even though
it seems to be active only short time in each year. This
could be related to the seasonal blooming of its host plants
and other environmental conditions (Alford 2007).

The Chirothrips manicatus species appeared in very

few numbers, in (Table 5) shows that only 1 female
observed in Pazar in 2022. Additionally, this species was
not found in the central location. This species founded in
many province of Tirkiye. Uzun Yigit et al., (2022),
mentioned that the C. manicatus was found in

Afyonkarahisar, Antalya, Burdur, Konya, and Isparta
cereals production areas.

The species A. intermedius was found in low numbers,
in (Table 6) shows approximately 19 in the center in 2021
and 29 in Erbaa in 2021, Aeolothrips intermedius found
in pepper flowers. This result agreed with Trdan et al.,
(2005), mentioned that the A. intermedius, which inhabit
flowers, have been observed on a wide range of 30 host
plant species across 16 different botanical families,
particularly on the vegetative portions of cultivated plants.
Research on the Thysanoptera fauna in Tlirkiye's Aegean
region was conducted in the spring seasons of 1993 and
1995, the study covered several provinces, including
Afyonkarahisar, Aydim, Denizli, izmir, Manisa, Mugla,
and Usak, and resulted in new findings for both the region
and the country, newly recorded species for the Turkish
fauna included T. meridionalis, T.tabaci, A. intermedius,
and Haplothrips reuteri (Karny).

The species Aeolothrips fasciatus was found in varying
numbers, with 19 17 in Erbaa, 29 12 in Niksar, and 59
and 24 in Turhal in 2022, (Table 7).

Table 4. Thrips meridionalis survey in the pepper fields of Tokat Province
Cizelge 4. Tokat ilinde biber alanlarinda bulunan Thrips meridionalis 'in dagilimi

Number of  Region Province/ District Coordinated Altitude Day-Month No. of
sample North East (meters) year species
1 Pazar Center 40014'88" 3691207 553 15.09.2021 19
Table 5. Chirothrips manicatus survey in the pepper fields of Tokat Province
Cizelge 5. Tokat ilinde biber alanlarinda bulunan Chirothrips manicatus ‘un dagilimi
Number of  Region Province/ District Coordinated Altitude Day-Month- No. of species
sample North East (meters) year
1 Pazar Kaledere 40°19720" 3613718 541 11.11.2022 19
Table 6. Aeolothrips intermedius survey in the pepper fields of Tokat Province
Cizelge 6. Tokat ilinde biber alanlarinda bulunan Chirothrips manicatus ‘un dagilimi
Number of  Region Province/ District Coordinated Altitude Day-Month- No. of species
sample North East (meters) year
1 Tokat Center 20°55724"" 37%3921" 610 16.09.2021 19
2 Erbaa Tosunlar 20%40°16" 36%38°19" 224 30.09.2021 29
Table 7. Aeolothrips fasciatus survey in the pepper fields of Tokat Province
Cizelge 7. Tokat ilinde biber alanlarinda bulunan Aeolothrips fasciatus ‘un dagilimi
Number Region Province/ District Coordinated Altitude Day-Month- No. of species
of sample North East (meters) year
1 Erbaa Kalekoytii 4045707 36%31721"" 207 04.08.2022 19218
2 Niksar Hayderbey 40°33°13"" 36%54°53"" 315 04.08.2022 2918
3 Turhal Center 20°18°197" 36°18°4" 549 11.11.2022 52 28
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Table 8. Haplothrips aculeatus survey in the pepper fields of Tokat Province
Cizelge 8. Tokat ilinde biber alanlarinda bulunan Haplothrips aculeatus ‘un dagilimi

Number of Region  Province/ District Coordinated Altitude Day-Month- year  No. of species
sample North East (meters)

1 Pazar Kaledere 40°19720"" 36°13°18"" 541 11.11.2022 19

2 Turhal Satroba 240°17°127" 40°81°027" 541 11.11.2022 19

The species H. aculeatus recorded in Pazar and Turhal
in rate 13 13 in 2022, (Table 8). This result agreed with
findings of Cinkul etal,, (2021). Who founded
Haplothrips species in flowers of in the stone and pome
fruit orchards in the districts of Balikesir Province,
Tirkiye, in 2018 and 2019. This study was carried out to
identify species belonging to Thysanoptera in stone and
pome fruit orchards in the districts (Balya, Bandirma,
Bigadi¢, Burhaniye, Dursunbey, Erdek, Gonen, Havran,
Kepsut and Manyas) of Balikesir Province, Tiirkiye in
2018 and 2019. The survey revealed 32 Thysanoptera
(thrips) species. Thrips were examined in 9900 flowers,
leaves, and fruits species were, H. reuteri T. meridionalis.

3.1.Thrips Survey on the Solanum nigrum

In summer 2021-2022, a survey was conducted in
various locations of Tokat province (Erbaa, Niksar, Pazar,
Turhal and the center) to identify thrips species in the
weeds surrounding pepper fields, the results shown that all
the species found in these areas were F. occidentalis. The

highest rate recorded in the center in the rate 129 13 in
2021 (Table 9), and the number of F. occidentalis found
in large numbers in Erbaa and Niksar, while the numbers
were few in Turhal where it was found 99 in 2022.

In the summer of 2021-2022, a survey was conducted
in various locations within Tokat Province, including
Erbaa, Niksar, Pazar, Turhal, and the provincial center, to
identify thrips species in the weeds surrounding pepper
fields. The results indicated that all the species identified
in these areas were F. occidentalis. The highest population
was recorded in the provincial center, with a count of 129
and 14 in 2021, as shown in Table 9. Frankliniella
occidentalis was also found in large numbers in Erbaa and
Niksar. In contrast, the species was less abundant in
Turhal, where only 99 were observed in 2022. This result
agree with (Suganthy and Sakthivel, 2012) who
mentioned that the Solanum nigrum Linn. is an annual
herbaceous plant belongs to the family Solanaceae, it is
commonly known as black nightshade, attacked different
species of insect pests, like Thrips spp.

Table 9. Frankliniella occidentalis survey in the Solanum nigrum of Tokat province
Cizelge 9. Tokat ilinde biber alanlarinda Solanum nigrum iizerinde bulunan Frankliniella occidentalis ‘in dagilimi

Number of Region Province/ District Coordinated Altitude Day-Month- No. of species
sample North East (meters) year

1 Center Gumenek 40021 35 3638731 636 15.09.2021 11918
2 Center Gumenek 40021 397 3638°59" 603 15.09.2021 129 18
3 Center Kalekoyii 4004039” 3632749 192 30.09.2021 2218
4 Erbaa Kalekdyii 40°40'39" 36%30°49" 102 30.09.2021 3918
5 Erbaa Kalekdyii 40%4755" 36%31722" 208 04.08.2022 21958
6 Erbaa Karaagag 40°35'31"" 36°55°47" 317 04.08.2022 3Q

7 Erbaa KizilGubuk 40°44°52"" 36%25°87" 134 30.09. 2021 189 108
8 Erbaa KizilGubuk 40%21735" 36°38°22" 628 04.08.2022 4913
9 Erbaa Tosunlar 40°41728"" 363219 199 30.09. 2021 2918
10 Niksar Hamidiye 203426 36°54'50" 296 30.09. 2021 119148
11 Niksar Hayderbey 40%33°57" 36%427" 500 04.08.2022 11918
12 Niksar Sahinli 203529 36%56'10" 277 30.09.2021 99
13 Niksar Sahinli Jr— 36%6°10" 277 30.09.2021 69 18
14 Pazar Center 40°16'32"" 40°16'34" 561 11.11.2022 6% 18
15 Pazar Ovayurtkdyii 40°18°40" 36°14759" 539 11.11.2022 49
16 Pazar Center 40°16'50"" 36°10°59" 537 11.11.2022 19
17 Pazar Center 201712 402178 554 15.09.2021 62 13
18 Turhal Dékmetepe 20°18'19" 36°18°40"" 549 11.11.2022 99
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4. Conclusion

The results of this study have contributed to the
identification of the Thysanoptera order in Tokat
Province, Tiirkiye. Among the seven species identified
from various families in this study, two thrips species, F.
occidentalis and T. tabaci, were determined to be the
primary species inhabiting the surveyed green pepper
fields. However, there is no existing knowledge about the
damage they cause or their economic importance in this
region. Therefore, further studies are needed to address
this issue. The survey indicated that F. occidentalis was
the only thrips species identified in the weeds adjacent to
pepper fields.
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